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1. Executive Summary 
 
1.1 Introduction  
 
The title of this project is the ‘Integration of Energy Usage into Road Design’. At 
the moment there are no direct methods for assessing the energy usage within 
the construction and operation of a road at preliminary design stage or route 
selection stage. As a result of this project, the JouleSAVE software was 
developed, which will now enable road design engineers to automatically 
evaluate the energy use for different routes as part of a route selection process. 
 
1.2 Work Programme 
 
The work programme for this project was divided into five phases. The work to be 
carried out and the timeframe for each phase were established at the beginning 
of the project. The following is a short description of the work undertaken during 
each of the phases.  
 
Phase 1: A list of all the typical actions needed to construct any road was 
compiled. The energy used to carry out each unit of action was quantified and 
compared between each country. The total construction energy for each route 
was calculated. The energy used on each route and on each road type was 
compared. The energy used by vehicles using each of the routes was evaluated 
using the Veto program. From this, the energy used by vehicles on each route for 
the design life of the roads was calculated. The details of the work carried out 
during Phase 1 can be found in Sections 1.4 and 1.5. 
 
Phase 2: The optimum route for each road was selected using a Route Selection 
matrix. The matrix gives the relative rankings of each route according to various 
parameters that are usually used in route selection. In addition to these, 
construction energy and operational energy were included to establish the effect 
energy would have on the route selection process. Details of the route selection 
can be found in Section 1.7. Areas where energy savings may be made in road 
construction were also identified during this phase. These are listed in Section 
1.4.4. 
 
Phase 3: The energy used by vehicles using each route was established using 
the Veto program and from this the total vehicles energy for the lifetime of the 
road for each route was calculated. Various input parameters such as gradient, 
type of road surface and speed were changed to quantify the resulting effect on 
the energy used by vehicles. Each country produced a report on the findings 
which can be found in Appendix F; a summary of the results can be found in 
Section 1.5.2. 
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Phase 4: A software tool was produced which will automatically calculate the 
energy used by a road design. Development of the software tool was carried out 
from the beginning of the project and was completed during this phase. The 
software has been called JouleSAVE and is integrated into the Bentley MX 
(ROAD) 2004 edition.  A summary of the software plug-in can be found in 
Section 1.8. 
 
Phase 5: This phase entailed disseminating the results of the project and also 
producing the Final Report. Dissemination will be carried out in a number of 
ways. This is discussed in Section 1.9. 
 
During the course of the project, several reports were produced as specified in 
the Work Programme. An Interim Report and Final Report were produced which 
included details of all aspects of the project, work carried out, results and all 
reports which were drawn up for this study.  In addition to these, Progress 
Reports were sent to the Commission at the sixth month, twelfth month and 
eighteenth month stages. These Progress Reports can be found in Appendix G. 
 
1.3 Energy Usage 
 
The construction and operational energy was established for each of the route 
options. From this, typical ranges of energy use for both single carriageway 
roads and dual carriageway roads can be defined. The potential energy savings 
that could be made in both the construction and operational phases have been 
assessed.  
 
This executive summary gives a general summary of the results; individual 
reports from   each country can be found in Appendix F. 
 
1.4 Construction Energy 
 
Road construction was broken up into two parts: the energy used by (i) the 
machinery and (ii) the materials used.  
 
1.4.1 Machinery Energy 
A spreadsheet entitled ‘Energy Usage Operations’ spreadsheet (See Appendix 
E) has been generated to evaluate the energy used by machinery in the 
construction of a road. A list was initially compiled of all the actions needed to 
construct any road. These actions were broken down into sectors of activity as 
follows: drainage, services, earthworks, pavement, road markings and structures. 
Each sector was then broken down into its constituent items. A list of typical road 
construction machinery was compiled for each item of activity and description of 
each item was defined. The fuel consumption (litres/hour) and typical output per 
hour were researched and calculated for each machine. For each item of activity, 
the smallest unit of activity was defined e.g. a kilometre for road distance, metres 
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squared for area etc. The quantity of each unit required to complete each item of 
activity was calculated for each route. The fuel consumption per unit of activity 
and then the energy per unit were calculated. From this, the total energy per item 
and then the total energy per sector were calculated. This was carried out for 
each route option for each country. The total energy per sector for each sector 
was added up to give the total Placement Energy per route. The total placement 
energy per kilometre was also calculated for each route.  
 
Geotechnical reports on each of the five roads were produced and from this a list 
of geomaterials for each road was drawn up (see Appendix D). A wide variety of 
rock and soil types were seen to underlie the various routes. To simplify matters, 
a classification system was defined based on the effort required to excavate the 
geomaterials. Three classifications of geomaterials were drawn up: Type A is 
material that can be dug up using an excavator, Type B requires ripping before 
excavation and Type C requires blasting before excavation. Site visits were 
undertaken and the energy required to excavate soft/medium/hard rock was 
analysed. 
 
1.4.2 Materials Energy 
A number of site visits were undertaken to calculate the energy requirements in 
aggregate and bitumen production, which are the two main road-building 
materials. The fuel consumption of the various machines involved in aggregate 
and bitumen production was recorded. An evaluation of the fuel consumed by the 
machinery to extract, process and stockpile the aggregates was calculated as 
28.38 MJ/tonne. The total added energy per tonne of bitumen produced was 
calculated as 4883 MJ/tonne. The quantities of aggregate and bitumen per 
kilometre (tonne/km) were determined and from this the Total Material Energy 
per kilometre was calculated. 
 
The spreadsheets detailing the calculations for the construction energy can be 
found in Appendix E. 
 
1.4.3 Total Construction Energy 
The total construction energy was then calculated by adding the machinery 
energy and the materials energy. The following table gives the total construction 
energy for each route. 
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Construction Energy of each route: 
 

Route Total Construction 
Energy  
(TJ) 

Total Construction 
Energy/km 
(TJ/km) 

Czech Republic 1 558.77 33.41 
Czech Republic 2 226.01 23.79 
France East 92.78 6.90 

France Grand East 104.82 6.31 
France West 87.71 7.00 
France Grand West 98.87 7.73 
Ireland 01 95.94 7.63 
Ireland 02 96.68 7.82 
Ireland 03 93.38 8.17 

Ireland 04 89.09 7.78 
Ireland 05 92.81 7.07 
Portugal Sol 1 468.37 30.02 
Portugal Sol 2 475.12 29.88 
Sweden 128.66 22.57 

 
The range of construction energy for the single carriageway and dual 
carriageway roads which were selected for this study is as follows: 
 
For each road type: 
 
 TJ/km 
Single carriageway (Ireland & France) between 6.31 & 8.17 
Dual Carriageway (Portugal, Czech Rep & Sweden) between 22.57 & 33.41 

 
 
1.4.4 Potential savings in Construction 
At the most basic level, energy savings can be made by choosing one route 
option over another for each road. Looking at the energy used in the construction 
of the roads, the following savings can be made: 
 
Czech Rep.: Czech Rep. 1 uses 558.77 TJ 

Czech Rep. 2 uses 226.01 TJ 
Potential saving of 332.76 TJ (60% saving) 
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(The length of option Czech Republic 2 is 16 km; however, from the 
construction point of view, the length is only 9.5 km, as this option 
would use part of the existing expressway). 

 
France: Grand East uses 104.82 TJ 
  West uses 87.71 TJ 
  Potential saving of 17.11 TJ (16% saving) 
 
Ireland: Ireland 02 uses 96.68 TJ  
  Ireland 04 uses 89.09 TJ 
  Potential saving of 7.59 TJ (8% saving) 
 
 
Portugal: Solution 2 uses 475.12 TJ 
  Solution 1 uses 468.37 TJ 
  Potential saving of 6.75 TJ (1% saving) 
 
 
The Energy Usage Operations spreadsheet details the amount of energy used 
for each sector in the construction of each road, so it can be seen where energy 
usage is high. Energy usage is lowest for the drainage, services and the road 
markings & traffic signs sectors. It can therefore be assumed that there is little 
potential for energy savings in these areas. The energy usage in the earthworks, 
pavement and structures sectors is high so these areas could be examined to 
see if energy savings could be made. This could be assessed at the design 
stage. For example, the profile of a route could be changed to optimise cut/fill 
volumes; different material types for the pavement could be assessed to see 
which is more energy efficient; quantities of basecourse etc could be examined.  
 
1.5 Operational Energy 
 
Along with the energy used in the construction of each of the routes, the energy 
used by the vehicles on each route also needed to be established. A number of 
existing software packages for modelling traffic operation (Veto, CMEM, HDM) 
were initially assessed and it was decided to use the Veto program. This was 
used to calculate the vehicle fuel consumption predictions for the various route 
options of the five roads.  
 
1.5.1 Vehicles Energy 
For the purposes of this project, the traffic using the roads was split into three 
categories: cars, trucks and trucks with trailers. Road geometry, road surface, 
road surface conditions, meteorological conditions, vehicle details and driving 
behaviour were input into the Veto program. Each country supplied the road 
geometry data for its routes. Driver behaviour data, e.g. desired speed, was input 
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for each country. Standard weather and road surface conditions were used for all 
routes. Current and predicted traffic data was supplied by each country.  
 
 
Using the predicted traffic data and the results from the Veto programme, the 
total energy used by vehicles on each route was calculated for the years 2010 
and 2020 as shown in the following table: 
 
Energy Use per Road and Year (TJ/year)  
(Concrete road surface; 0.5mm macrotexture) 
Country Road 2010 2020 

Czech Rep. 1 247.1 308.6 Czech 
Republic Czech Rep. 2 333.5 416.7 

East 43.8 46.7 

Grand East 51.6 55.1 

West 66.8 71.3 

France 

Grand West 65.4 69.8 

Ireland 01 69.7 84.9 

Ireland 02 68.7 83.5 

Ireland 03 73.5 80.9 

Ireland 04 74.0 81.6 

Ireland 

Ireland 05 101.4 117.9 

Sol 1 509.8 646.7 Portugal 
Sol 2 435.0 571.2 

Bridge 47.8 54.8 Sweden 
Tunnel 47.2 54.0 

 
 
The design life of a road is taken to be 20 years so the total vehicle energy for 
the 20 year period between 2010 and 2029 was calculated for each route. The 
following table gives these results and the total vehicle energy per kilometre for 
the same period.  
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Road & Route Option Road Type 

Total Vehicle 
Energy for Road 

Project 2010-2029 
TJ 

Total 
Route 
Length 

(km) 

Total Vehicle 
Energy Per 

Kilometre 2010-
2029 TJ/km 

Czech Republic 1 Dual Carriageway 6111 16.73 365 
Czech Republic 2 Dual Carriageway 8251 16.00 516 
France East Single Carriageway 932 13.45 69 
France Grand East Single Carriageway 1098 16.60 66 
France West Single Carriageway 1421 12.53 113 
France Grand West Single Carriageway 1391 12.79 109 
Ireland 01 Single Carriageway 1568 12.57 125 
Ireland 02 Single Carriageway 1683 12.37 136 
Ireland 03 Single Carriageway 1533 11.43 134 
Ireland 04 Single Carriageway 1626 11.45 142 
Ireland 05 Single Carriageway 2299 13.13 175 
Portugal 1 Dual Carriageway 12801 15.60 821 
Portugal2 Dual Carriageway 11287 15.90 710 
Sweden bridge Dual Carriageway 1087 5.70 191 
Sweden tunnel Dual Carriageway 1074 5.70 188 
 
1.5.2 Potential Savings in Road Operation 
 
Savings in the energy used by vehicles may be made by choosing one route 
option over another. Looking at the energy used by the vehicles on each route for 
the 20 year period between 2010 and 2029, the following savings may be made: 
 
Czech Rep: Czech Rep. 2: 8251 TJ 
  Czech Rep. 1: 6111 TJ 
  Potential saving of 2140 TJ (26% saving) 
 
France: West:  1421 TJ 
  East:  932 TJ 
  Potential saving of 489 TJ (34% saving) 
 
Ireland: Ireland 05: 2299 TJ 
  Ireland 03:  1533 TJ 
  Potential saving of 766 TJ (33% saving) 
 
Portugal: Sol 1: 12801 TJ 
  Sol 2: 11287 TJ 
  Potential saving of 1514 TJ (12% saving) 
 
The gradient of a road, type of road surface and speed limit all affect the energy 
used by vehicles on the roads. Various input parameters may be changed in the 
Veto program to establish the vehicles energy under different conditions. These 
parameters were changed for several of the routes and the resulting energy 
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values were compared to the original values. From this, it was seen where 
potential energy savings could be made in road operation. Each of the partners 
who have roads selected for this project have submitted a report outlining the 
changes they made to the routes and the potential energy savings that could be 
made by modifying the routes. These reports are in Appendix F. The following is 
a summary and examples of possible savings in the energy used by vehicles. 
 
 
1.5.2.1 Effect of Road Surface 
The Veto program gives an output in MJ/10km for a car, a truck and a truck with 
trailer for each route.  
The following table gives the energy values (MJ/10km) for each route for both 
asphalt concrete and concrete road surfaces. 
 

  
Asphalt Concrete (1.8mm 
macrotexture) 

Concrete (0.5mm 
macrotexture)   

  
Cars 
(MJ/10km) 

Trucks 
(MJ/10km) 

Trucks & 
trailers 
(MJ/10km) 

Cars 
(MJ/10km) 

Trucks 
(MJ/10km) 

Trucks & 
trailers 
(MJ/10km) 

Czech Republic 1 19.6 85.9 117.8 19.5 84.8 116.4 
Czech Republic 2 19.6 87.0 117.9 19.4 86.2 116.8 
France East 17.9 84.1 110.2 17.8 82.7 108.5 
France G East 17.8 82.1 106.7 17.6 80.6 104.9 
France West 17.7 79.9 103.2 17.5 78.3 101.3 
France G West 17.8 81.1 104.5 17.6 79.8 102.7 
Ireland 01 18.6 83.3 110.5 18.4 82.0 108.8 
Ireland 02 18.6 83.2 110.4 18.5 82.2 108.6 
Ireland 03 18.6 86.5 111.8 18.4 85.6 110.2 
Ireland 04 18.6 85.5 111.0 18.4 84.7 110.2 
Ireland 05 18.6 82.7 108.5 18.4 81.8 106.7 
Portugal Sol 1 20.1 99.0 141.6 19.8 98.4 140.6 
Portugal Sol 2 19.9 96.6 136.7 19.7 95.8 135.5 
Sweden Bridge 17.9 81.8 104.4 17.7 80.0 102.5 
Sweden Tunnel 17.9 81.6 105.5 17.7 80.4 103.5 

 
Single Carriageway Roads: 
If concrete is used instead of asphalt, there are potential savings of: 
Car   0.01 to 0.02 MJ/km/car 
Truck   between 0.08 and 0.16 MJ/km/truck 
Truck & trailer between 0.08 and 0.19 MJ/km/truck & trailer 
 
For example in the case of Ireland Route 5: 
On an asphalt surface, the total energy used by vehicles is 102.62 TJ/year. On a 
concrete surface, the total vehicles energy is 101.38 TJ/year. By using a 
concrete surface, there is a potential energy saving of 1.24 TJ/year. 
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Dual Carriageway Roads: 
If concrete is used instead of asphalt, there are potential savings of: 
Car   between 0.01 and 0.03 MJ/km/car 
Truck   between 0.06 and 0.18 MJ/km/truck 
Truck & trailer between 0.10 and 0.20 MJ/km/truck & trailer 
 
For example in the case of Portugal Solution 1: 
On an asphalt surface, the total energy used by vehicles is 457.26 TJ/year. On a 
concrete surface, the total vehicles energy is 452.76 TJ/year. By using a 
concrete surface, there is a potential energy saving of 4.50 TJ/year. 
 
1.5.2.2 Effect of Geometry 
Changing the geometry of a route will affect both the construction and 
operational energy. The geometry was changed on several of the routes and the 
resulting energy usage in both construction and operation was evaluated. The 
results for Ireland, Portugal and the Czech Republic are as follows. 
 
Ireland: 
The gradient of Ireland 05 was reduced to establish the effect on the energy 
values. The energy used in construction increased: 
 
Ireland 05   92.83 TJ 
Ireland 05(a) 116.99 TJ 
 
However, less energy is used by the vehicles on Ireland 05 (a). The following are 
the Veto results showing the vehicular energy: 
 
   (Asphalt concrete road surface; 1.8mm macrotexture) 

 
 

Ireland 05 
(MJ/10km) 

Ireland 05(a) 
(MJ/10km) 

Cars 18.6 18.5 

Trucks 82.7 80.9 

Trucks & 
Trailers 

108.5 105.1 

 
Potential savings: 
Car   0.01 MJ/km/car 
Truck   0.18 MJ/km/truck 
Truck & trailer 0.34 MJ/km/truck and trailer 
 
Ireland 05 total vehicles energy    102.62 TJ/year 
Ireland 05(a) total vehicles energy   100.67 TJ/year 
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Therefore, there is a potential saving of 1.95 TJ/year. If the life cycle of the road 
is taken to be 20 years, this gives a possible saving of 39 TJ over that time.  
So for an increase in construction energy of 24.16 TJ, there is a potential energy 
saving of 39 TJ in the operation of the road over a 20 year period. 
 
 
Portugal: 
The gradient of Portugal Solution 2 was also changed. However this resulted in a 
decrease in both construction and operational energy. 
 
Construction energy: 
Solution 2  475.12 TJ 
Solution 2 Alt  460.94 TJ 
 
 
Vehicle energy: 
  (Asphalt concrete road surface; 1.8mm macrotexture) 

 
 

Sol 2 
(MJ/10km) 

Sol 2 Alt 
(MJ/10km) 

Cars 19.9 19.8 

Trucks 96.4 97.2 

Trucks & 
Trailers 

136.5 135.9 

 
Potential savings: 
Car   0.01 MJ/km/car 
Truck & Trailer 0.06 MJ/km/truck & trailer 
 
However, there was an increase of 0.08 MJ/km/truck in the amount of energy 
used by trucks. 
 
Solution 2 total vehicles energy  499.87 TJ/year 
Solution 2 Alt total vehicles energy 498.61 TJ/year   
 
This gives a potential saving of 1.26 TJ/year, which over the life cycle of the 
road, gives a possible saving of 25.2 TJ. There is also the potential saving of 
14.18 TJ during the construction. 
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Czech Republic: 
The gradient of the Czech Republic 1 was reduced to establish the effect on the 
energy values. 
 
Vehicle energy: 
  (Asphalt concrete road surface; 1.8mm macrotexture) 

 
 

Czech Rep. 1 
(MJ/10km) 

Czech Rep. 1a 
(MJ/10km) 

Cars 20.56 20.51 

Trucks 89.52 86.70 

Trucks & 
Trailers 

115.39 112.05 

 
Potential Savings: 
Car   0.01 MJ/km/car 
Truck   0.28 MJ/km/truck 
Truck & trailer 0.33 MJ/km/truck & trailer 
Czech Rep.1 total vehicles energy (max. gradient 4%)  258.66 TJ/year 
Czech Rep.1a total vehicles energy (max. gradient 3%) 257.79 TJ/year 
 
There is a potential saving of 0.87 TJ/year. If the life cycle of the road is taken to 
be 20 years, this gives a possible saving of 17.4 TJ over that time. 
 
 
1.5.2.3 Effect of Speed 
A reduction in speed will also reduce the amount of energy used by vehicles. The 
goal speed can be altered in Veto and the energy used by vehicles at different 
speed limits can be evaluated. Details of the effects of speeds on the routes 
selected for this project can be found in the report ‘Energy Use for road traffic – 
IERD’ (see C.9, Appendix C). 
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1.6 Comparison between Energy used in Construction and 
Operation 

 
Route 
 

Road Type 
 

Length  
(km) 
 

Construction 
Energy  
(TJ/km) 
 

Total Vehicle 
Energy per 
kilometre  
2010 – 2029 
(TJ/km) 

Czech Republic 1 Dual Carriageway 16.73 33.41 365 

Czech Republic 2 Dual Carriageway 16.00 23.79 516 

France East Single Carriageway 13.45 6.90 69 

France Grand East Single Carriageway 16.60 6.31 66 

France West Single Carriageway 12.53 7.00 113 

France Grand West Single Carriageway 12.79 7.73 109 

Ireland 01 Single Carriageway 12.57 7.63 125 

Ireland 02 Single Carriageway 12.37 7.82 136 

Ireland 03 Single Carriageway 11.43 8.17 134 

Ireland 04 Single Carriageway 11.45 7.78 142 

Ireland 05 Single Carriageway 13.13 7.07 175 

Portugal Sol 1 Dual Carriageway 15.60 30.02 821 

Portugal Sol 2 Dual Carriageway 15.90 29.88 710 

Sweden Dual Carriageway 5.70 22.57 191 

 
It can be seen that the average Total Vehicle Energy for the road life of the five 
road projects examined is 262 TJ/km. The average Total Construction energy for 
the same roads is 15 TJ/km. Therefore, as a general comparison, it can be said 
that the energy required for vehicle operation is approximately 18 times greater 
than that for road construction, based on the roads studied for this project. 
However, this can only be used as a general comparison as it compares all the 
roads selected for this project, which are single carriageway and dual 
carriageway. More accurate comparisons can be made by comparing the 
construction and vehicle energy on each particular type of road.  
 
Comparison between the single carriageway roads (France and Ireland) gives 
the following results: the average Total Vehicle Energy for the road life is 119 
TJ/km; the average Total Construction Energy is 7.4 TJ/km; therefore the 
average energy used by the vehicles is 16 times greater than that used for road 
construction.  
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Comparison between the dual carriageway roads (Czech Republic, Portugal and 
Sweden) gives the following results: the average Total Vehicle Energy for the 
road life is 521 TJ/km; the average Total Construction Energy is 28 TJ/km; 
therefore the average energy used by the vehicles is 19 times greater than that 
used for road construction.  

 
1.7 Route Selection 
 
A Route Selection Matrix is used to summarise route preferences based on the 
impact of each route on a number of different criteria. The existing route selection 
matrices for each of the countries were initially reviewed and comparisons made 
between each matrix. One matrix was then produced which incorporated the 
main criteria for all countries. At this stage, energy used in construction and 
energy used in operation were added to the matrix.  
 
It was decided to weight each criterion according to its importance for each 
individual route. Multipliers of 1, 2 and 3 were used, growing in importance: 1 - 
low importance; 2 - medium importance; 3 - high importance. For energy, it was 
decided to set the multipliers as follows: Energy construction – 1; Energy 
operation – 3. Each criterion had then to be scored between 1 and 3 according to 
the following: 1 – good; 2 – medium; 3 – bad. 
 
Theoretically, the best route option is the route with the lowest overall ‘score’.  
 
It can be seen from the matrices for Ireland, France and the Czech Republic that 
the most favourable route excluding energy is also the route which uses the least 
amount of energy. However, in the case of the Portuguese road, Solution 2 is 
least favourable from an energy aspect, but is more favourable overall for the 
other criteria. The energy used by the two Swedish options, the bridge and the 
tunnel, is the same so neither is more favourable from an energy point of view.  
At the moment there are no direct methods for assessing the energy usage 
within the construction and operation of a road at preliminary design stage or 
route selection stage. As a result of this project, the energy usage of a route can 
be quickly evaluated. Energy considerations are becoming increasingly important 
so energy usage may become an important issue when selecting a preferred 
route.  
 
The Route Selection matrices for each country are shown in the following tables. 
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Czech Republic: 

      
Environmental 
management   Geology 

Material 
assets Ecology 

Soil 
occupation   Water   

CRITERIA Route Cultural heritage 
Human 

environment 

Environmental 
and legal 

restrictions         Aquifers Hydraulics Hydrogeology 
                        
Multiplier 
(weighting)   1 1 1 1 1 1 1 2 2 2 

  CZ-V1 2 2 3 2 2 1 3 3 1 1 

  CZ-V2 2 2 1 2 2 3 1 1 3 3 
 
 
 
 

  
 
 
 
 
 

 

Results 
(without 
energy) Energy Total 

CZ-V1 52 6 58 
CZ-V2 58 10 68 

 
 

    Air Noise Landscapes Costs 
Traffic 
Safety 

Cost/ 
Benefit 

Analysis 
          

Energy   

CRITERIA Route             
Energy - 

construction 
Energy - 

Operation 
                    
Multiplier 
(weighting)   2 3 3 3 2 2 1 3 

  CZ-V1 2 1 1 3 1 3 3 1 

  CZ-V2 2 3 3 1 1 2 1 3 
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France: 

      
Environmental 
management   Geology 

Material 
assets Ecology 

Soil 
occupation   Water   

CRITERIA Route 
Culturage 
heritage 

Human 
environment 

Environmental 
and legal 

restrictions         Aquifers Hydraulics Hydrogeology 
                        
Multiplier 
(weighting)   1 1 1 1 1 1 1 2 2 2 

  EAST 1 1 3 1 NA 1 2 2 2 1 

  
GRAND 
EAST 1 1 3 1 NA 1 3 3 2 1 

  WEST 2 1 2 2 NA 1 1 1 1 2 

  
GRAND 
WEST 1 1 2 2 NA 2 1 2 1 3 

 
 

 
 
 
 

    Air Noise Landscapes Costs 
Traffic 
Safety 

Cost/ 
Benefit 

Analysis 
                  

Energy   

CRITERIA Route             
Energy - 

construction 
Energy - 

Operation 
                    
Multiplier 
(weighting)   2 3 3 3 2 2 1 3 
  EAST 3 3 3 2 2 2 2 3 

  
GRAND 
EAST 3 2 3 3 2 2 3 3 

  WEST 1 2 2 1 3 2 1 1 

  
GRAND 
WEST 2 1 1 3 3 2 3 2 

 Without 
Energy 

Energy Total 

East 57 11 68 

Grand  
East 

60 12 72 

West 44 4 48 

Grand 
West 

50 9 59 
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Ireland: 

      
Environmental 
management   Geology 

Material 
assets Ecology 

Soil 
occupation   Water   

CRITERIA Route 
Cultural 
heritage 

Human 
environment 

Environmental 
and legal 

restrictions         Aquifers Hydraulics Hydrogeology 
                        
Multiplier 
(weighting)   2 1   1   2 1 2 2 2 

  option 1 1 1   3   1 1 1 1 1 

  option 2 1 1   1   1 3 1 1 3 

  option3 1 2   3   3 1 3 2 3 

  option4 1 2   1   3 1 3 3 1 

  option 5 3 3   1   1 1 2 3 2 
 
 

  

 

Results 
(without 
energy) Energy Total 

Option 1 43 5 48 
Option 2 51 9 60 
Option 3 50 8 58 
Option 4 53 7 60 
Option 5 62 11 73 

 
 
  
 

 

    Air Noise Landscapes Costs 
Traffic 
Safety 

Cost/ 
Benefit 

Analysis 
                  

Energy   

CRITERIA Route             
Energy - 

construction 
Energy - 

Operation 
                    
Multiplier 
(weighting)   2 3 3 3 2 2 1 3 

  option 1 1 1 3 2 2 2 2 1 

  option 2 2 1 3 2 3 2 3 2 

  option3 1 2 1 1 2 1 2 2 

  option4 2 3 1 1 3 1 1 2 

  option 5 3 3 1 3 1 3 2 3 
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Portugal: 

      
Environmental 
management   Geology 

Material 
assets Ecology 

Soil 
occupation   Water   

CRITERIA Route Cultural heritage 
Human 

environment 

Environmental 
and legal 

restrictions         Aquifers Hydraulics Hydrogeology 
                        
Multiplier 
(weighting)   1 2 1 3 1 2 3 2 1 2 

  Solution 1 2 2 2 2 na 2 2 2 2 1 

  Solution 2 1 1 1 2 na 1 1 2 1 2 
 
 

 
  
 
 
 

 
 
 
 
 

    Air Noise Landscapes 
Traffic 
safety 

Cost for 
the 

society Costs 
                    

Energy   

CRITERIA Route             
Energy - 

construction 
Energy - 

Operation 
                    
Multiplier 
(weighting)   1 1 3 3 3 3 1 3 
  Solution 1 2 1 2 2 2 1 1 1 
  Solution 2 2 2 1 2 1 2 2 2 

 
without 
energy  Energy  

Total 

Sol 1 56 4 60 

Sol 2 46 8 54 
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 Swedish Road: 
 

  Geology 
Cultural 
heritage 

Human 
Environment 

Regional 
Planning 

Environmental 
legal 
restrictions 

Material 
Assets Ecology 

Soil 
Occupation Aquifer Hydraulics 

Water 
Quality 

Hydro-
geology 

                          
Multiplier 2 3 3 3 3 3 3 3 3 3 3 3 
Alternativ                   
Bridge 1 1 1 1 1 2 1 1 1 1 1 1 
Tunnel 1 1 1 1 1 1 1 1 2 1 1 2 

 
 
 
 

  
Flood 
Study Air Noise Landscape 

Costs 
Construction Costs 

Traffic 
Safety 

Cost/ 
Benefit 

Analysis 
Energy 
Construction 

Energy 
Operation 

                      
Multiplier 3 3 3 3 3 3 3 3 1 3 
Alternativ                  
Bridge 1 1 2 2 1 1 1 1 1 1 
Tunnel 1 1 1 1 2 2 1 2 1 1 

    

 

Results 
(without 
energy) Energy Total 

Bridge 68 4 72 
Tunnel 74 4 78 
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1.8 Software 
 
Phase 4 of the Work Programme was the completion of the software tool. Software 
development began during the initial stages of the project. The road construction 
actions were integrated into the software tool. Different programmes for evaluating 
the energy used by vehicles were evaluated and the Veto programme was chosen to 
integrate into the MX software package.  
 
The JouleSAVE plugin will be used by designers to allow quantification of the energy 
implications of road construction and road operations, with a view to identifying 
potential energy efficiencies. The JouleSAVE Plugin will be integrated with Bentley 
MX (ROAD) 2004 Edition and will use Bentley MX for graphical data output, selection 
and display.  

The JouleSAVE Plugin interface will be a common toolbar menu. During start-up of 
the project the add-in application will be automatically launched. 

Before starting a new project, the user is able to pre-process general information into 
a common template database. This information would cover the following: the type of 
material used in the project, the energy figures for the material types, attribute data 
(all relevant data processed during the design of the project). A maximum of three 
sub-soil layers can be defined, consisting of Type A, Type B or Type C material, as 
detailed in the Geological Report in Appendix D.  
 
To make the appropriate analysis in the VETO program, additional data may be 
input. Two types of attribute data will be added: overall data and sectional data. The 
overall data will give details of the vehicle category, macro texture of the road and the 
road conditions. The sectional data, which is different for certain sections in the road, 
will give details of the speed, speed limit, traffic volumes, stop time, superelevation 
and road width.  
 
Based on the finished design the user is able to calculate the quantities of all the 
materials as listed in the road construction actions (see Energy Usage Operations 
Spreadsheet in Appendix E). The calculated quantities are used to quantify energy 
during construction by using the energy values in the template database. Based on 
the design geometry and the attribute data, input files will be generated which will 
then be processed in a batch through Veto. The Veto results will be stored in a 
Microsoft Access database; a report from this will show the results. The sum of 
energy during construction and operation is summarised in the report based on the 
NUID excel file.  
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JouleSAVE workflow 
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1.9 Dissemination 
 
Phase 5 of the Work Programme involved the dissemination of the results.  
 
Discussions took place at the Partners meetings to decide on the methods of 
disseminating the results of this project. It was decided to produce a dissemination 
document (see Appendix H) which outlines the major findings of this study. The 
brochure includes a brief summary of the project and gives details of the construction 
and vehicles energy for each route.   
 
Brochures will be sent to various bodies in each of the participating countries, for 
example, National Roads Bodies and National Energy Bodies. Presentations to 
various bodies will be made. A website will also be set up, where the final report can 
be viewed.  
 
 
1.10 Conclusions 
 
The construction and operational energy was calculated for each of the routes 
selected for this study and it was seen that the energy required for vehicle operation 
over the life cycle of the road is greater than that used for road construction. On 
average, the energy used by the vehicles on the roads over a 20 year period is 18 
times greater than the energy used in the road construction.  
 
It may therefore be worthwhile to consider making changes to a route at 
design/construction stage, even if it increases the energy used during construction, if 
it will result in a reduction in the energy used by vehicles.  
 
At the moment there are no direct methods for assessing the energy usage within the 
construction and operation of a road at preliminary design stage or route selection 
stage. The JouleSAVE software allows the user to quickly and easily evaluate the 
energy implications of a route. It is envisaged that the software will be used at route 
selection stage. Energy considerations are becoming increasingly important so 
energy usage may become a significant issue when selecting a preferred route. The 
transport sector accounts for nearly one third of the EU’s total final energy 
consumption with some 80% attributable to road transport alone. A reduction in the 
amount of energy used by vehicles on the roads would therefore have a considerable 
impact on the EU’s total energy consumption.  
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2. INTRODUCTION 
 

2.1 Summary 
 
The title of this project is the ‘Integration of Energy Usage into Road Design’. At its 
simplest the project seeks to provide road design engineers with a method of 
examining the energy use for different routes as part of a route selection process. 
The energy used during the construction and operation of the roads was examined 
as part of the project.  The result of this project is a piece of software that can be 
added on to the software tools currently used in road design in over 70 countries. 
 
At the moment there are no direct methods for assessing the energy usage within the 
construction and operation of a road at preliminary design stage or route selection 
stage. However, there are certain aspects, such as fuel consumption, which are 
examined generally as part of a cost benefit analysis approach. The fuel 
consumption can therefore be related to energy as the more fuel used leads to an 
increase in energy used. 
 
There are nine partners involved with this project from seven European Union 
member states. The project is based around five new roads that are to be 
constructed in Europe over the coming years.  
 

2.2 Objectives of the Project 
 
The main aim of this project is to reduce the energy used in the construction of roads 
and also the energy used by the vehicles using the roads. It will also reduce 
emissions, as it will allow energy efficient driving which means that new energy 
efficient vehicles engines will be used at maximum efficiency. The end result of this 
project is a piece of software that can be added on to the software tools currently 
used in road design in over 70 countries. This will facilitate the road design engineers 
to automatically evaluate the energy implications of their road designs. 
 

2.3 Expected Results 
 

2.3.1 Direct Outcomes 
The direct outcomes of this project are as follows: 



Contract Number: 4.1031/Z/02-091/2002                                                       SAVE programme 

             Final Report   
   
 
 

 
(1) Evaluation of the potential energy used in construction of the various road route 

options. This has been done for each site and comparisons made between the 
five selected new roads i.e. in Ireland, France, Portugal, Sweden and Czech 
Republic. 

 
(2) Evaluation of any difference in energy usage in the road design practice between 

Ireland, France, Portugal, Sweden and Czech Republic. The difference in 
standard road design practice between each of the countries has been compared 
and the energy implications evaluated. The national standard for good practice 
and regulations for road design has been complied with in each of the ‘test’ road 
routes selected. The results of this project will lead to the introduction of energy 
evaluation into standard good practice in each of the five countries and the 
remainder of the EU and EE. 

 
(3) Evaluation of possible energy conservation in the final design of each route. 
 
(4) Design of the final route in each country incorporating energy efficiency in road 

construction and facilitating energy efficient driving.  
    
(5) Estimate the potential energy saving for each route and design a monitoring 

system to confirm these. 
 
(6) Design a Software Tool to add on to the existing Software Tool for road design to 

allow road Engineers to replicate this design on new roads or re-aligned existing 
roads in the EU and EE and throughout the countries where MX roads is used. 

2.3.2 Results 
The results of this project are as follows: 
 
(1) Development and dissemination of a Software Tool to add on to the existing road 

design software that allows energy measurement to be incorporated into route 
selection and road design and allows design of roads that will facilitate energy 
efficient driving. 

 
(2) Development of concept of energy efficiency in road design and of design of 

roads that will facilitate energy efficient driving. 
 

2.3.3 Indirect Results 
• Locally in places where sample roads are to be designed. The roads designed in 

France, Ireland, Portugal, Sweden and Czech Republic will have a local benefit in 
that, where constructed, they will allow for energy efficient driving. This will benefit 
the road users by reducing their fuel consumption, reduce emissions to the 
atmosphere and thereby provide clean air for the local inhabitants and reduce 
noiseemissions.
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• Nationally In the partners’ countries involved in the project, the National bodies 

responsible for road construction will be informed of the results of the project and 
of the availability of the software that they can use nationally to replicate the 
results i.e. on future road design projects. 

 
• On a European Level On a European level the important input is that eventually 

there will be five sections of road constructed which are energy efficient in 
construction and also allow for energy efficient driving. Designers will also be 
informed of the newly developed Software Tool that can be added on to the 
existing Software Tool for road design and which incorporates energy efficiency 
into all aspects of road design and construction and allows for incorporation of 
energy efficient driving. With the large usage of energy by transport in Europe 
(30%) even a small percentage saving would have a major impact. This will of 
course be long term as it will only apply to new road construction – it will do 
nothing for existing roads until they need re-aligning or up-grading. The results of 
the project increase the market for the road design software tool by expanding the 
evaluation parameters to include energy. This will occur not only in the EU and 
EE but also outside Europe. Using proposed roads in five different countries 
means that the software tool will have wide usage, as it incorporates the various 
different parameters that occur in the five different countries. A software tool 
developed and tested in one country would have a more restricted use.  

 

2.4 List of Deliverables 
 
The deliverables from this project are: 
 
• Report on comparison of projected energy usage in construction of the various 

route options for the five routes selected. 
• Report on comparison of the projected energy usage in the five road routes finally 

selected for each area and potential for energy savings by evaluating road design 
in each country. 

• Final design of each road route to facilitate energy efficient driving. 
• Design of Software Tool to incorporate energy measurement into existing road 

design software. 
• Six monthly reports, Intermediate reports and Final report to the Commission. 
 

2.5 Target Groups 
 
The main target groups are bodies involved in the design and construction of roads. 
These are the Government Departments or National Roads Authorities who 
commission the design and construction of roads. Some of these bodies are already 
involved in the project and have been consulted in preparing the submission. They 
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will be made aware of the results of the project and the new Software Tool, which is 
available to integrate energy into road design and construction and energy efficient 
driving.  
 
The key actors and target groups that were essential to achieving the project results 
were involved in the project. They included specialists in road design, geotechnical 
evaluation and design of energy efficient roads, engineering specialists and software 
design engineers. This multidiscipline team had all the necessary expertise to 
achieve the end results of this project – i.e. to integrate energy efficiency into road 
route selection and road design, the development of roads that allow energy efficient 
driving and the necessary Software Tools to facilitate the above.  
 

2.6 Partners to the Project 
 
The details of the partners are as follows: 
 

• Project Co-ordinator 
Waterford County Council, 
Tramore House Regional, 
Design Office, Pond Road, 
Tramore, Co. Waterford, Ireland. 

 
Contact Person: Ray Butler 

    Phone: +353 51 390130 
    Fax:  +353 51 390699 
    E-mail : Rbutler@THRDO.com 
 
 

• Agencia Municipal de Energia do Seixal (AMESEIXAL),  
Rua Paiva Coelho No. 121, 2840-520 Seixal, 
Portugal. 

 
Contact person: Philippe Bollinger 

    Phone: +351 21 227 51 31 
    Fax:  +351 21 227 51 33 

    E-mail: ameseixal@cm-seixal.pt 
 
 

• Brian P. Connor & Associates Ltd (BPC), 
1, Richmond, Priest’s Road, 
Tramore, Co. Waterford, Ireland. 

 
Contact Person: Brian P. Connor 

    Phone: +353 51 390650 
 Fax:  +353 51 381932  

E-Mail: bpcassoc@iol.ie 
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• ENGIVIA – Consultores de Engenharia, SA, Rua Padre Americo 
No. 2a, 1600 – 548 Lisboa, Portugal. 

 
Contact person: Ricardo Sardinha 

    Phone: +351 21 716 08 56/8/66 
    Fax:  +351 21 716 08 58 
    E-mail: rsardinha@engivia.pt 

 
 

• Saunier & Associes, 52, quai des Carrieres,  
94227, Charenton – le – Pont, France. 

 
Contact person: Philippe Dumas 

    Phone: +33 1 58 73 62 00 
    Fax:  +33 1 58 73 62 01 
    E-mail:  pdumas@saunier-associes.com 
 
 

• Bentley Solutions Ltd (BSL), 
North Heath Lane, RH12 5QE Horsham, United Kingdom. 

 
Contact Person: Phil Jackson 

    Phone: +44 1403 259511 
    Fax:  +44 1403 217746 
    E-mail: Phil.Jackson@bentley.com 
 
 

• National University Ireland, Dublin (NUID), 
Mechanical Engineering Department, Engineering Building, 
Belfield, Dublin 4, Ireland. 

 
Contact Person: David J. Timoney 

    Phone: +353 1 7161831 
Fax:  +353 1 2830534 
E-Mail: david.timoney@ucd.ie 

 
 

• Swedish National Road & Transport Research Institute (VTI), 
Olaus Magnus Vaeg 37, S-581 95 Linkoeping, Sweden. 
 
Contact person: Ulf Hammarström 

    Phone: +4613204159 
    Fax:  +4613204030 
    E-mail: ulf.hammarstrom@vti.se 
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• Transport Research Centre (CDV), Lisenska 33A, 

636 00 Brno, Czech Republic. 
 

Contact person: Rudolf Cholava 
    Phone:  +420 541 633 732 
    Fax:  +420 541 633 742 
    E-mail: cholava@cdv.cz 
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3. PROJECT ADMINISTRATION 
 

3.1 Background 
 
The management of the project was the responsibility of the Project Co-ordinator 
Participant No.1 Waterford County Council. The project was divided into five phases, 
all of which were the responsibility of the Project Co-ordinator. Each phase had a 
Lead Partner who was responsible to the Project Co-ordinator. Where necessary for 
the proper management of the project the phases were broken down into work 
packages. Six Partners Meetings were held and at these meetings the work 
progress, action for each partner etc., was decided on as specified in the various 
phases as shown in the work programme. Apart from planning ahead, the work 
already carried out by the partners was reviewed and this allowed the Co-ordinator to 
monitor the progress.  
 
At an early stage during the first Partners Meeting in Tramore it was decided to form 
four work groups in the areas of Roads, Geology/Geotechnical, Energy and 
Software. Each workgroup produced a progress report on work carried out, as 
discussed in Section 6 of this report. During the fourth Partners Meeting in Lisbon, a 
workgroup was set up to co-ordinate the dissemination of the results of the project. 
 
A number of meetings were held over the course of the project. Six Partners 
Meetings have been held. In addition to these meetings, each of the workgroups held 
several meetings. A number of meetings between the Irish Partners were also held. 
 
This section of the report outlines the meetings that were held and gives a brief 
summary of the issues discussed. The actual minutes of all meetings are located in 
Appendix B. 
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3.2 Partners Meetings 
 
The Partners meetings which were held are as follows: 
Meeting No. 1 Ireland (WCC)  19th – 21st January 2004 
Meeting No. 2 Sweden (VTI)  1st – 2nd June 2004 
Meeting No. 3 Czech Republic (CDV) 27th – 28th January 2005 
Meeting No. 4 Portugal (Engivia)  30th – 31st May 2005 
Meeting No. 5 France (Saunier)  10th – 11th October 2005 
Meeting No. 6 Ireland (WCC)  15th November 2005 
A brief summary of the meetings is provided in the following sections. The actual 
minutes of the meetings can be seen in Appendix B. 
 

3.2.1 Partners Meeting – Ireland 
The first Partners Meeting was held in Ireland at the Regional Design Office, Tramore 
Co. Waterford, over a three day period from the 19th to the 21st of January 2004. 
The main issues discussed at this meeting included the Consortium Agreement, how 
best to achieve Phase 1 of the Work Programme and the available software for 
accessing the operation of the roads involved. It was decided to develop four work 
groups in the areas of Roads, Geology/Geotechnical, Energy and Software. All the 
partners attended a site visit to the location of the Irish road in Dungarvan, Co. 
Waterford. The working groups then met separately for the first time to discuss the 
work ahead. 

3.2.2 Partners Meeting – Sweden 
The second Partners Meeting was held in Linkoping, Sweden on the 1st and 2nd July 
2004. The progress of Work Programme – Phase 1 was reviewed, the issues which 
were discussed included energy usage during construction, traffic categories and the 
integration of the VETO program into MX. Phases 2 and 3 were discussed, outlining 
the actions required. The partners attended a site visit to the location of the Swedish 
road, National Route No. 50, through the town of Motala. Meetings of the various 
work groups were held on the following day.
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3.2.3 Partners Meeting – Czech Republic 
The third Partners Meeting was held in Brno, Czech Republic on the 27th and 28th 
January 2005. The progress of Work Programme – Phase 1 was reviewed; the 
issues which were discussed included the Energy Usage spreadsheet, energy usage 
for each road option, energy usage of vehicles, and the computer software. The 
progress of Work Programme – Phase 2 was reviewed, with the Route Selection 
matrix being discussed and the possible energy savings in the construction phase. 
Energy efficient driving was discussed and software was given to each of the 
partners to be used on one of their own routes. The partners attended a site visit to 
the locations of the Czech routes, stopping at various points along the way. 
 

3.2.4 Partners Meeting – Portugal 
The fourth Partners Meeting was held at Engivia’s Offices in Lisbon on the 30th and 
31st May 2005. The progress of Work Programme – Phases 1 and 2 was reviewed; 
the issues which were discussed included the energy usage operations and route 
description spreadsheets, the selection of the optimum route for each country and 
the possible energy savings in the construction phase. The Veto program and the 
possible energy savings in road operation were discussed. Software development 
was discussed. A new workgroup was set up to co-ordinate the dissemination of the 
project results. The partners attended a site visit to the location of the Portuguese 
route, stopping at various points along the way. 
 

3.2.5 Partners Meeting – France 
The fifth Partners Meeting was held at the offices of Saunier & Associes in Clermont 
Ferrand on the 10th and 11th October 2005. The progress of Work Program Phase 2 
was reviewed. The effect of gradients on energy usage was discussed. The route 
selection matrix and the overall effect of both construction and operational energy on 
it were discussed. The new software package was demonstrated. The content and 
appearance of the dissemination document was discussed. The partners were taken 
on a visit to the Millau Viaduct on the following day.  
 

3.2.6 Partners Meeting – Ireland 
The sixth Partners Meeting was held in Dublin on the 15th November 2005. Each 
phase of the project was discussed in terms of the work carried out and the outcome. 
The main focus of the meeting was the dissemination document. The final 
arrangement and content of this and the various ways in which the results of the 
project can be disseminated were discussed. 
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3.3 Work Group Meetings 
 
The workgroups have held meetings at various stages during the course of the 
project. As minutes are provided in Appendix B the following is only a brief summary. 
 

3.3.1 Roads Work Group Meetings 
Roads Work Group meetings were held on the following dates: 
 
21st of January 2004 in Tramore, Ireland 
Tasks defined were to create a list of energy usage operations for construction of the 
road, define traffic volumes on the roads and identify the types of machines used to 
undertake the operations. To do this each road partner would prepare a table of 
operations and machines for final validation at next meeting in Paris. 
 
1st of March 2004 in Paris, France 
All tables with energy usage operations for each road were compared and one 
specific table was created. The machines for construction were still to be defined in 
terms of the type and output. 
 
2nd of July 2004 in Linkoping, Sweden 
The list of machines for each road construction operation was compared and a final 
list determined from a European point of view. The output for each of these machines 
was determined. The final table was then established and will be used to compare 
each route option on each road in terms of energy usage for construction. 

3.3.2 Energy & Software Group Meetings 
The Energy & Software Work Group meetings are summarised in the following 
paragraphs. 
 
21st of January 2004 in Tramore, Ireland 
It was decided at this meeting that a pre-existing computer package would be 
selected to model the traffic operation on the roads. The VETO (VTI), CE-CERT’S 
CMEM and HDM packages would be evaluated to check their suitability for this 
purpose. A literature review of this available software would also be undertaken. It 
was agreed that NUID and Ameseixal would evaluate all of the actions (Operations) 
necessary to construct a road. The energy used would then be determined. 
 
15th of March 2004 in Lisbon, Portugal 
The energy usage for road construction, maintenance and operation was the main 
focus of this meeting. The progress made by the roads work group on the Energy 
Usage Operations was outlined. The excel spreadsheet table which contained these 
operations was discussed. It was decided to make some changes to this. In terms of 
energy evaluation it was decided to split this up into two parts (i) the machinery and 
the energy embodied in (ii) the materials used. It was decided that a life cycle 
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analysis would be required for the material. For this purpose a list of materials and 
quantities would be required on the Energy Usage spread sheet. In terms of the 
machinery it was decided that the Caterpillar Inc ‘Production Manual SPBD 0343’ 
would be used as the base source for fuel consumption (litres/hr) figures for energy 
calculations. Working days for the machinery as well as the energy per litre of fuel 
was defined (38.61 MJ /litre). It was decided that once information from the roads has 
been provided a full evaluation of the energy can then be made. 
 
14th & 15th of April 2004 in Linkoping, Sweden 
The main focus for this meeting was to assess the viability of VTI’s software program 
VETO. The issues that were to be discussed/ decided in relation to the suitability of 
VETO were broken down into two sections, (i) software and (ii) energy. In terms of 
the software, Bentleys were concerned that the programming language used for 
VETO may not be usable. Bentleys were given a full copy of the VETO programme 
and the code for further assessment at the Bentley Offices. The other possible 
programmes for use were also discussed briefly. In terms of the energy, it was 
suggested that the program must be easy to use once combined with the MX Roads 
package. 
On the second day, the issue of how the vehicle software program will be integrated 
to MX, as well as the limitations of the MX Road program were discussed. It was 
emphasised that the evaluation add-on must be user friendly. It was suggested that 
perhaps certain modifications could be made to MX Roads in order to assist with the 
integration of the vehicle software program. 
A practical assessment of the VETO program was to be undertaken by VTI and NUID 
between the 16th and 22nd of April 2004. 
 

3.3.3 Geology & Geotechnical Group Meetings 
The Geology/Geotechnical Work Group meetings are summarised in the following 
paragraphs. 
 
21st of January 2004 in Tramore, Ireland 
The defining of geo-materials on and off site was discussed. The national legal 
requirements and/or specifications in Ireland, Sweden, Czech Republic and France 
would need to be examined. It was decided that all the geotechnical reports for each 
of the roads would have to be studied. A list of geo-materials (on and off site) would 
also be required for the five roads. The geo-materials for the five roads would have to 
be classified into groups, which have similar energy inputs for excavation or 
processing. 
 
1st of March 2004 in Paris, France 
Evaluation of the geotechnical reports on the Irish and Portuguese roads was 
undertaken. It was decided to categorise geological material into three categories, 
material A, B and C. Type A is material that can be dug up using an excavator, Type 
B is material that requires ripping before excavation and Type C is material that 
requires blasting before excavation. 
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1st of July 2004 in Sweden 
The three geotechnical units A, B and C were discussed and how work on this has 
indicated that they can be applied to all roads involved in the project. 
 

3.3.4 Dissemination Workgroup Meeting 
The Dissemination Workgroup meeting is summarised in the following paragraph. 
 
1st June 2005 in Lisbon, Portugal 
It was decided to prepare an Executive Summary of the findings of the Final Report 
when complete, which will be produced in leaflet form. A meeting will be arranged in 
Brussels to present the findings of the project. An official web site and the possibility 
of using professional and technical media outlets and conferences to advertise the 
project were discussed. 
 

3.4 Irish Partners Meetings 
 
As part of the preparation for the first partners meeting in January 2004, and at 
various times throughout the project, the Irish partners (WCC, NUID & BPC) held a 
number of meetings. The following is a summary of those meetings. The actual 
minutes are located in Appendix B.  
 
Irish Partners Meeting, 8th December 2003 
This meeting was held in Kilkenny on the 8th December 2003. The main issues 
discussed included the administration of the project, the Consortium Agreement, 
preparation for the first Partners Meeting, and Phase 1 of the project. 
 
Irish Partners Meeting, 5th January 2004 
This meeting between WCC and BPC was held in Tramore, Co. Waterford on the 5th 
January 2004. The main issues discussed included the preparation and agenda for 
the 1st Partners Meeting, Phase 1 of the project and a preliminary time programme 
for completion. 
 
Irish Partners Meeting, 17th May 2004 
This meeting was held in Kilkenny on the 17th May 2004. The main issues discussed 
included the progress of Phase 1, work packages 1.2 to 1.6 and the preparation of a 
programme for Phase 2. 
 
Irish Partners Meeting, 14th December 2004 
This meeting was held in National University of Ireland, Dublin on the 14th December 
2004. The main issues discussed included the progress of Work Programme 1, the 
functional description required from each partner, energy usage and potential energy 
savings during construction. 
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Irish Partners Meeting, 22nd March 2005 
This meeting between WCC and BPC was held in Tramore, Co. Waterford on the 
22nd March 2005. Work done to date and any outstanding tasks from Phases 1 and 2 
were discussed. Energy saving in the construction phase was discussed and it was 
agreed that a short report should be written on this, outlining possibilities for energy 
savings. 
 
Irish Partners Meeting, 19th May 2005 
This meeting between WCC and BPC was held in Tramore, Co. Waterford on the 
19th May 2005. Work done to date and outstanding tasks were discussed. 
 
Irish Partners Meeting, 23rd September 2005 
This meeting between WCC and BPC was held in Tramore, Co. Waterford on the 
23rd September 2005. The potential energy savings in construction and operation and 
the way in which these results would be shown were discussed. The results for the 
dissemination document were also discussed during this meeting and at several 
more meetings between WCC and BPC over the following months.  
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4. WORK PROGRAMME 
 
As discussed in Section 2, the project was divided into five phases, some of which 
were further divided into work packages. Each phase is described in detail in this 
section. 
 

4.1 Phase 1 – Evaluation of Energy Units 
 
The work in this phase entailed identifying the various actions carried out in the road 
construction and quantifying their energy usage. The variation in energy usage 
between similar actions in the participating countries was compared. Using this 
information the potential energy usage for each route option for each road was 
quantified. This phase was divided into 6 work packages as follows: 
 
WP 1:1  
Work Package Leader – Waterford County Council (IRL) 
This work package commenced with a partners meeting in Ireland. The following 
actions were carried out at this meeting: 
Allow the partners to meet. 
Familiarise participants with Irish Road Design and Construction. 
Visit the site of the proposed Irish road route and evaluate the existing data on same 
– N25 (National Road No. 25). 
Detail the work programme for Phase 1. 
 
WP 1:2  
Work Package Leader – Energy Research Group UCD (IRL) 
This work package involved carrying out an evaluation of all the actions necessary to 
construct a road e.g. excavation of m3 of clay, transport of m3 of clay, spreading of 
m3 of clay etc. The energy used in each of these actions was then determined. 
 
WP 1:3 
Work package Leader – Waterford County Council (IRL) 
This work package compared and contrasted the energy usage for similar actions in 
each of the roads selected in the five countries on their specific roads and also any 
difference in the actions carried out in the 5 participating countries. 
 
WP 1:4 
Work Package Leader – Gaudriot SA (France) 
This work package involved calculating the total energy usage for the construction of 
each of the route options for each of the five selected roads. This energy usage data 
was then available to the road Engineers to assist them in selecting the most suitable 
route for each of the five roads. 
 
WP 1:5 
Work package Leader – VTI (Sweden) 
This work package updated the evaluation of the energy usage of the vehicles that 
will be using each route option for the design period of the road for each of the five 
selected roads. 
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WP 1:6 
Work package Leader – Bentley Solutions Ltd. (UK) 
This involved the development of energy usage software for road design. 
 

4.1.1 Partner Contribution in Phase 1 
Waterford County Council: Co-ordinator role – final responsibility for Phase 1. 
Involvement in work package 1:1 – 1:4 and on work packages as they relate to Irish 
roads N25. 
ERU-UCD: Involved in WP1:1 – 1:4 regarding evaluation of energy usage. 
Bentley Solutions Ltd: Involved in WP1:1, WP1:2 and WP1:6. 
Brian P. Connor & Assoc: Involved in WP 1:1–WP 1:2 regarding geotechnical 
aspects of road construction. 
VTI: Involved in WP 1:1 – 1:5 with respect to Swedish roads and is also Work 
package 1:5 and Work Package Leader. 
Ameseixal: Involved in WP 1:1 – 1:5 with respect to Portuguese road route – 
regarding energy usage. 
Engivia: Involved in WP 1:1 – 1:5 regarding Portuguese road route regarding road 
design. 
Gaudriot: Involved in WP 1:1 – 1:5 with respect to French roads and also in the 
energy use evaluation. 
CDV: Involved in WP 1:1 – 1:5 with respect to Czech roads and in particular in road 
design. 
 

4.1.2 Phase 1 Outcomes 
The outcome of this phase was as follows: 
1. Calculation of the energy usage of each unit of action in road construction. 
2. The energy value for each unit of action in the road construction was compared 

between each country. 
3. Calculation of energy usage in the construction of each route option in each of the 

roads in each country. 
4. Calculation of the energy usage of the vehicles using each of the route options for 

the design life of the roads. 
5. Commencement of the design of the software that allows energy usage to be 

integrated into road design. 
 
 

4.2 Phase 2 – Select Optimum Route 
 
During this phase the optimum road route was selected for each of the five roads 
involved in the project and the development of the new software tool was continued. 
The duration of this phase was 6 months. This phase was divided into work 
packages as follows: 
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WP 2:1 
Partners Meeting in Sweden 
(a) Review of Phase 1 activities  
(b) Detail action for Phase 2.  
(c) Site visits to relevant roads in Sweden. 
 
WP 2:2 
The optimum road route for each of the roads in the five countries involved was 
selected. This involved using all the parameters that are usually used to select road 
routes but integrating an additional parameter - energy usage - into the process, both 
in road construction and subsequent road usage. 
 
WP 2:3 
Investigations were made to see the scope for energy saving in the road construction 
phase. 
 
WP 2:4 
The development of the Software package was continued during this phase. 
 

4.2.1 Partner Contribution in Phase 2 
Waterford County Council: Co-ordination role and final responsibility for Phase 2. 
Preparation for route selection for Irish road N25. 
ERU-UCD: Involved in WP2:3. Identification of energy saving in road construction. 
Bentley Solutions Ltd.: Continuation in development of Software Tool. 
Brian P. Connor & Assoc: Involved in WP 2:1–WP 2:3 regarding geotechnical 
aspects of materials and energy conservation. 
VTI: Involved in WP 2:1 – 2:3 in particular regarding Swedish roads. 
Ameseixal: Involved in WP 2:1 – 2:2 with regard to energy saving aspects in 
Portuguese roads. 
Engivia: Involved in WP 2:1 – 2:2 responsible for route selection regarding 
Portuguese road and also WP 2:3  
Gaudriot: Involved in WP 2:1 – 2:2 responsible for route selection regarding French 
roads and WP 2:3. 
CDV: Involved in WP 2:1 – 2:2 responsible for route selection for Czech road and 
WP 2:3. 
 

4.2.2 Phase 2 Outcomes 
The outcome of this phase was a report on the selection of the optional route for 
each of the five selected routes and indicated the input that the knowledge of energy 
usage has on this process. The potential energy conservation for both methods and 
materials used in road construction was included in this report. An Intermediate 
Report on work progress was produced in month 12. 
 

4.3 Phase 3 – Energy Efficient Driving 
 
This evaluated the proposed selected road design for each road and identified what 
changes were necessary to facilitate energy efficient driving. The variation in energy 
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usage during construction and operation was quantified. The design of the Software 
package was continued. The duration of this phase was 4 months. The work was 
broken down into Work packages as follows: 
 
WP 3:1   
Partners meeting in Czech Republic  
Review progress on Phase 2 
Site visits to Czech roads  
Planning of next phase of the work programme. 
 
WP 3:2  
Re-design or modification of selected routes in each of the five countries involved so 
that the road can facilitate efficient driving. 
 
WP 3:3  
Evaluation of cost and energy implications of the changing of road design in (a) road 
construction and (b) fuel saving for vehicles usage of the road. 
 

4.3.1 Partner Contribution in Phase 3 
Waterford County Council: Co-ordination role and final responsibility for Phase 3. 
Involvement in WP 3.1, WP 3.2 and WP 3.3 in particular as it applies to the Irish road 
N25. 
ERU-UCD: Involved in WP3.1 and WP 3.3 as they relate to energy conservation. 
Bentley Solutions: Involved in WP 3.1 and continuation of work on Software Tool.  
Brian P. Connor & Assoc.: Involved in WP 3.1 and geotechnical aspects of WP 3.2 
and WP. 3.3. 
VTI: Responsible as Work Programme Leader for WP 3.1 for all roads and WP 3.2 
and WP 3.3 for Swedish roads. 
Ameseixal: Involved in WP 3.1 – WP 3.2 as they relate to energy matters. 
Engivia: Involved in WP 3.1 – WP 3.2 and WP 3.3 as they relate to Portuguese 
roads.  
Gaudriot: Involved in WP 3.1, WP 3.2 and WP 3.3 as they relate to French roads. 
CDV: Involved in WP 3.1 – WP 3.2 as they relate to Czech roads. 
 

4.3.2 Phase 3 Outcomes  
The outcome of this phase was a report on Phase 3 showing the energy saving 
actions and how it can be achieved by re-designing a road to make it amenable to 
energy efficient driving. A progress report was produced for the IntellEbase 
Database. 
 

4.4 Phase 4 – Completion of Software Development 
 
The leader of this phase was Bentley Solutions Ltd who compiled the design of the 
software tool that adds on an energy evaluation component to the standard road 
design software package. The duration of this phase was 2 months. 
There was a Partners Meeting in Portugal to review work to date and to plan Phases 
4 and 5. 
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4.4.1 Partner Contribution in Phase 4 
Bentley Solutions Ltd. was the main participant in this phase; all other partners 
provided information when required.  

4.4.2 Phase 4 Outcomes 
The outcome of this phase was the software tool that can be added on to the existing 
software to integrate energy into road design and also along roads which will 
facilitate energy efficient driving. 
 

4.5 Phase 5 – Dissemination of Results 
 
This phase involved the dissemination of the results of the project and drafting of 
Final Report for the Commission. 
 
The Final Report was written so that an abstract could be prepared to list how energy 
evaluation was integrated into road design and the new software tool. This will help 
promote the software developed during this project and show that it has been tested 
on ‘real roads’ in five different countries.  
 
This phase involved the dissemination of the results of the project at National and 
European level. Dissemination will also take place outside the EU. 
 
� Nationally the results of the project will be made available to National Roads 

Authorities and also to the bodies responsible for energy conservation. Each 
partner in his or her own country will carry out this. 

 
� On a European Level and Candidate Countries 

Dissemination of the software will be mainly carried out by Bentley Solutions Ltd 
who already has an established chain of contacts with road design bodies on a 
local and national scale. This is the main target market. 

 
The duration of this phase was 3 months. 
 

4.5.1 Partner Contribution in Phase 5 
This phase was co-ordinated by Waterford County Council and involved all the 
partners in their own countries at national level and at European level. 

4.5.2 Phase 5 Outcome 
This was the Final Report to the Commission and the dissemination of the new 
software tool at national and European level. 
 
 

4.6 Time Programme 
 
The following table shows the time programme for the project. The duration of the 
project was 2 years from the 18th of November 2003 to the 18th of November 2005. 
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* PARTNERS MEETINGS * * * *
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5. PROJECT ROUTES 
 

5.1 Czech Republic 
 
The proposed Expressway R43 has a total length of 70 km and will be part of the 
European road E461 Svitavy – Brno – Wien and at the same time will join 
Expressway R35 and Motorway D1 between Czech town Moravska Trebova and 
Brno (see map in Appendix A). The R43 is the four-lane dual carriageway 
expressway, its category width is 24.5 m.  
 
In the frame of the IERD project, two route options of the section of Expressway R43 
between Troubsko and Kurim (about 20 km long) in the vicinity of Brno are being 
evaluated from the point of view of energy aspects. 
 
The following options have been selected for the purpose of the IERD project: 
CZ-V1 (D) – 16.725 km  
CZ-V2 (F) – 16.000 km  
 

5.2 France 
 
The RD921 links Pithiviers and Ferté-Saint-Aubain. It connects with RD 951 and 960 
(on each side of the bridge). 
 
The RD 951 on west side has 6900 vehicles/day (7% HGV),  
The RD 960 on west side has 5000 vehicles/day (3% HGV), 
The RD 960 East has 6600 vehicles/day (11% HGV).  
 
This results in a total of 16,000 vehicles/day (11% HGV) on the bridge between 
Jargeau and Saint-Denis-de-l’Hôtel. 
 
The RD921 has three main functions: 
 
� At regional level, this route provides the option to by-pass Orléans on the eastern 

side  
� It provides a local route to different towns: Etampes, Pithiviers, St-Denis-de-

L’Hôtel, Jargeau et La Ferté-St-Aubin 
� At local level, the bridge is a link within this economic basin 
The present study aims at considering as a priority the management of RD 921, in 
the regional frame. 
 
The selection started with the establishment of 4 routes: 
Grand Ouest - 12.79 km    
Ouest  - 12.53 km  
Grand Est - 16.60 km   
Est  - 13.45 km  
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5.3 Ireland 
 
The N25 Dungarvan Outer Bypass is the Irish scheme which has been chosen for 
inclusion in this project. The scheme is a bypass of the town of Dungarvan in County 
Waterford along the route No. 25. The N25 is a National Primary road, which links 
the north of Ireland with the major towns, cities, ports and airports etc. along the 
eastern and southern regions of the country. The route will be either a single 
carriageway or a two plus one type construction. 
 
The route is being designed by Waterford County Council, through Tramore House 
Regional Design Office under the supervision of the National Roads Authority in 
Ireland. 
 
Initially there were seven complete route options. However, following assessments 
prior to November 2004 a number of options have been excluded from the route 
selection process. The remaining route options are as follows (see map in Appendix 
A): 
 
Route 01 (AH)  12.57 km 
Route 02 (BH) 12.37 km 
Route 03 (CM) 11.43 km 
Route 04 (DM) 11.45 km 
Route 05 (GM) 13.13 km 
 
The energy efficiency in terms of the construction and operation of the above routes 
will be examined as part of an overall route selection process for this scheme. 
 

5.4 Portugal 
 
IP 5 is part of the PRN 2000 as main road nº5, including, among the ‘SCUT DAS 
BEIRAS LITORAL E ALTA’, the stretch between the IP 1 and Vilar Formoso, and it 
has been classified, among the ‘classification and boundary of the National System 
of highways’ classified by the IEP (The Roads Institute of Portugal), as a highway, as 
A 25 / IP 5. 
 
This is a transversal (2 x 2 motorway) which will form a link between the coast and 
Spain, linked with a significant part of the North / South main network of roads. 
 
The subsection A 25 / IP 5 between Ratoeira Nascente – IP 2 was designed by 
ENGIVIA, Consultores de Engenharia, S.A, and it has two Solutions as follows (see 
map in Appendix A). 
 
Solution 1 width 15.6 km 
Solution 2 width 15.9 km 
 
The energy efficiency in terms of the construction and operation of the above routes 
will be examined as part of an overall route selection process for this scheme. 
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5.5 Sweden 
 
For Sweden the national route no. 50 through the town of Motala has been selected. 
The existing road passes through the centre of Motala i.e. through an urban centre 
area. The existing traffic is a mix of long distance traffic with a high proportion of 
heavy traffic, local cars and bus traffic as well as pedestrians and bicycles. This route 
is an important link for the south –north traffic. The route is being designed by 
Ramböll Sverige AB on commission from the Swedish Road Administration Region 
SÖ. Since land area has been reserved for a new road there were no route 
alternatives. The route for the new road 50 through the central parts of Motala 
commences at Södra Freberga where the new road connects to the existing road 
and runs parallel with the railway until Fors. Here the road continues over 
Motalaviken (the Bay of Motala) by way of a bridge called Vätterbro (Vätter Bridge). 
On the north side of Motalaviken the new road continues until it meets the existing 
road at Luxorrondellen (Luxor Roundabout) and then continues onwards to 
immediately north of the crossing with Metallvägen (Metall Road), (See Map in 
Appendix A).  
The new 5.7 km route includes a crossing of the bay of Motala; this crossing included 
four different alternatives: a high level cable bridge; a high level conventional bridge 
of reinforced concrete and steel; a low level bridge and a tunnel. The selected 
alternative is a high level conventional bridge. 
The new road is designed as a duel carriageway with a central barrier and a total 
width of 18.5 metres. The speed limit should be 90 km/h. 
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6. Work Groups 
 
As discussed in Section2, it was decided during the first Partners Meeting to form 
four work groups in the areas of Roads, Energy, Geology/Geotechnical and 
Software. Each work group produced a progress report on work carried out. The 
progress of each workgroup is described in this section. During the fourth Partners 
Meeting in Lisbon, a workgroup was set up to co-ordinate the dissemination of the 
results of the project. 
 

6.1 Progress – Roads Group 
 

6.1.1 Phase 1: Energy Use Assessment 
 
Progress:  
After the first Partners Meeting in January 2004, this workgroup began work on 
phase 1 of the project.  
 
Tasks completed:  
All actions necessary to construct a road were established. At the meeting in Paris in 
March 2004, a table detailing all the actions necessary was finalised based on data 
from each participating country. The plants used for each action and the output per 
hour of each plant were defined. The energy usage of each unit of action in road 
construction was calculated allowing comparison to be made between countries. 
During the second Partners Meeting, a ‘European Table’ on energy usage for road 
construction was defined. This table on ‘Energy Use Operations’ and the output per 
hour of engines, is a good representation of European road construction. The energy 
usage for construction of each route option in each country was calculated. A 
comparison was made between countries and from this the potential for energy 
savings was determined. Bentley Solutions were then able to integrate this data into 
the software. 
 

6.1.2 Phase 2: Selection of the Optimum Road Route 
 
Progress:  
Phase 2 began after the second Partners Meeting in July 2004. 
 
Tasks completed:  
A table was finalised detailing the energy used per sector for each route option, for 
each country. The energy usage for the construction of each route option in each 
country was calculated, allowing comparison to be made between route options. 
It was seen where potential energy savings could be made in road construction. 
A route selection matrix was produced for each country, with energy in construction 
and operation included in the criteria. 
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6.2 Progress – Energy Group 
 

6.2.1 Life Cycle Analysis of Machinery used in Road Construction 
 
Progress: 
The fuel and energy consumed by the machinery in the road construction phase has 
been evaluated for each of the route options.  
 
Actions completed: 
A spreadsheet entitled ‘NUID Energy Usage Spreadsheet.xls’ (See Appendix E) has 
been generated. The co-ordinators for each route option have completed the details 
of the plant list, plant description, daily output and total output for their road 
construction. The road construction is broken into six sectors; drainage, services, 
earthworks, pavements, road markings & traffic signs and structures. The fuel 
consumed by the machinery per hour has been researched. As far as possible, the 
technical specifications for Caterpillar machinery were used in calculations. The Fuel 
Consumption per Unit, Energy per Unit, Total Energy MJ/Unit, and Total Energy per 
Sector (TJ/Sector) have been calculated. The Total Energy per Sector has been 
compared across the five roads and the various route options. 
  

6.2.2 Life Cycle Analysis of Materials used in Road Construction 
 
Progress: 
A Life Cycle Analysis of the main materials used in Road Construction was 
performed.   
 
Actions completed: 
The results taken at Morrissey’s Limestone Quarry in Carlow (The site visit report 
entitled ‘Morrisseys-quarry and paving.doc’ is contained in Appendix D) was used to 
evaluate the energy per tonne of aggregate produced. An evaluation of the fuel 
consumed by the machinery used to extract, process and stockpile the aggregates 
has been calculated as 28.38 MJ/tonne. From figures provided by Shell (The site visit 
report entitled ‘Shell bitumen terminals.doc’ is contained in Appendix D), the total 
added energy per tonne of bitumen produced has been calculated as 4,883 
MJ/tonne. All of these calculations are detailed in the ‘Project.xls’ spreadsheet 
contained in Appendix E. 
 

6.2.3 Fuel (Energy) Consumption of Vehicles using Road and Route 
Options 

 
Progress: 
This work package updated the evaluation of the energy usage of the vehicles that 
will be using each route option.  Due to project time constraints, it was proposed that 
the Energy Workgroup would select a pre-existing software package for modelling 
traffic operation on a road.   
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Actions completed: 
At the 2nd Partners Meeting it was decided that VETO would be chosen as the 
vehicle software package for the project (see ‘The ability to use VETO in IERD’ and 
‘Veto IERD’ in Appendix C). The MX Road/Veto Interface has been defined and the 
inputs/outputs to MX Road and VETO have been set. Three vehicle types have been 
defined; Heavy vehicle with trailer, heavy vehicle and light petrol vehicle. Each 
vehicle using the road must be entered into one of these categories. The co-
ordinators of the five roads provided details on the road geometry of each route 
option.  The evaluation of the energy consumed by the vehicles on the five road and 
routes options was carried out by VTI. The VETO software was used to calculate the 
vehicle fuel consumption predictions for the five roads and the various routes options.  
The evaluation was carried out on individual road sections and then multiplied by the 
traffic volumes. 
 

6.3 Progress – Geology/Geotechnical Group 
 

6.3.1 Analysis of Geological material on each selected road route 

Actions: 
Each of the partners provided detailed reports on the geological materials that are 
expected to be met in the construction of the five roads and the various options 
involved in the project. Thirty different geological materials were identified. (See 
Geotechnical Report – Appendix D). It was decided that a simple universal 
classification was required as the use of geological terms would cause complications 
in the software development and similar rock/soil types would have different names 
in the countries involved. 
It was decided to classify the geomaterials on the work necessary to excavate them, 
which can more readily be given an energy value. 

Results: 
The results of this study were to prepare the following classification, which would 
have universal acceptance and also would be a standard classification that would 
apply to all roads. 
 
Type A: Material that can be removed using an excavator only 
Type B: Material that can be removed but requires ripping before excavation 
Type C: Material that requires blasting before excavation 
Standard energy usages for excavation of m3 for each of these materials have been 
proposed. This can be readily incorporated into the software that is being developed 
and data on the location and quantities of these materials is readily available to the 
Engineers designing the roads. They have this data to allow them to prepare tenders 
for the road construction. 
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6.3.2 Imported Materials 
Geological materials processed to varying degrees may be imported from outside the 
site. These materials are generally used either as rock fill – base course for road 
pavements or wearing course. Details on these materials are not readily available as 
it is very “cost dependant” and is usually provided by the Contractor who is 
constructing the road. It has of course to comply with specifications and standards 
used by the various National Road Authorities but these do not generally specify the 
origin of the material e.g. a “rock fill” could be a crushed rock of any type that 
complies with the specifications. It could also be a crushed or graded rock gravel. 
This impacts on the energy usage in producing the material. The materials are 
classified from the excavation aspect on the geomaterials on site but the energy 
usage in the manufacture has also to be considered in producing an overall energy 
figure for these materials. 
 

6.4 Progress – Software Design Group 
 

6.4.1 Functional Requirement Documentation (FRD) Interviews 
 
Actions Undertaken: 
Further interviews were undertaken during Partners Meetings to clarify issues 
identified during analysis of the first set of interviews. Based on collected interview 
material a FRD is generated and approved by project participants. It is envisaged 
that no further interviews will be required in this stage. This task is complete. 
 

6.4.2 User Training 
 
Actions Undertaken:  
User training was held in week 41 so that all project Partners will be able to evaluate 
the ‘to be developed’ software. This task is complete. 
 

6.4.3 Software Assessment Study (VETO) 
 
Actions Undertaken:  
The VETO package has been used in Sweden for many years to assess the 
environmental impact of road designs. Bentley Systems have reviewed the VETO 
2000 source code to assess the viability of making changes to this code and 
investigate possibilities of integration in the ‘to be developed’ software. This task is 
completed and the recommendations have been reported to project Partners.  
 

6.4.4 FRD: User Requirements Documentation 
 
Actions Undertaken:  
This task is complete. The document was reviewed and agreed on the 7th of March 
2005. 
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6.4.5 Acceptance Criteria 
 
A document was generated and approved by the partners. 
 

6.4.6 SAVE MX-plugin 
 
The software has been produced and was tested and approved by the partners. The 
following chart shows the progress of the software design throughout the project.  
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Maps of Routes Involved 
 
 
 
Map No. 1 - Czech Republic 
Map No. 2  - France 
Map No. 3 - Ireland 
Map No. 4 - Portugal 
Map No. 5 - Sweden 
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CZECH REPUBLIC: 
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IRELAND: 
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PORTUGAL: 
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SWEDEN: 
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Minutes of Meetings: 
 
The minutes of all meetings are recorded in this section. 
 
The meetings which were held are as follows: 
 
• 6 Partners Meetings 
• 3 Energy Workgroup Meetings 
• 3 Roads Workgroup Meetings 
• 3 Geotechnical Workgroup Meetings 
• Irish Partners Meetings 
• Dissemination Workgroup Meeting 
 

Partners Meetings: 
 
Minutes of First Partners Meeting at Tramore 
19th – 21st January 2004 
 
Present: Name    Organisation 
  Ray Butler   THRDO, Waterford County Council 
  Tom Brennan  THRDO, Waterford County Council 
  Brian Connor   BPC 
  Ulf Hammarström  VTI – Sweden 
  Rudolf Cholava  CDV – Czech Rep 
  Karel Pospisil  CDV – Czech Rep 
  Phil Jackson   BSL – UK 
  Jaap de Boer   BSL – UK 
  David Timoney  NUID – Ireland 
  Paula Gahan   NUID – Ireland 
  Philippe Dumas  Gaudriot – France 
  Ricardo Pereira  Engivia – Portugal 
  Philippe Bollinger  Ameseixal – Portugal 
 
19/01/04 John O’Flynn   Waterford County Council 
21/01/04 Donal Clear   National Roads Authority 
 

19/01/2004 
2:15pm – 5:00pm 

1.1 Introduction & Presentations 
The first order of business was an introduction and welcome to the Partners by the 
Director of Services and County Engineer for Waterford County Council. 
 
Following this each Partner gave a presentation on their organisation and the 
particular expertise that they could bring. The Partners who have a particular road 
scheme involved in the project gave a brief description of same. The following is a list 
of those who gave a presentation: 
THRDO: Ray Butler, Tom Brennan 
BPC: Brian P. Connor 
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UCD: David Timoney 
CDV: Rudolf Cholava, Karel Pospisil 
Ameseixal: Philippe Bollinger 
ENGIVIA: Ricardo Pereira 
Gaudriot: Philippe Dumas 
BSL: Phil Jackson, Jaap de Boer 
VTI: Ulf Hammarström 
 
It was agreed that all the presentations would be compiled and forwarded to each of 
the Partners once all the presentations were received.  
 
1.2 Consortium Agreement 
The agreement was discussed briefly. Some Partners would not be in a position to 
sign the agreement within the time frame of this meeting. Therefore, it was decided 
that the Partners would examine the document and it would be discussed again 
within the next two days. Changes could then be made to the document. 
 
In terms of the payments as mentioned in article 5.3, it was suggested that rather 
than notification or advice of payments by the commission that ‘following receipt of 
payment from the Commission’ would be a more realistic statement.  
 
The meeting of the Project Co-ordination committee on a quarterly basis as per 
article 4.2 was considered to be excessive, it was decided that a meeting would be 
convened only if required. 
 

20/01/2004 
9:00am – 5:30pm 

2.1 Time Programme 
The overall programme and the programme for phase 1 were discussed. Some of the 
work packages were deemed to be too short and would possibly need to be modified. 
 
2.2 Phase 1 – Work Programme (Annex 1) 
Each work package of Phase 1 was discussed in brief. The issue of the design life of 
roads was put forward as a consideration that needed to be discussed. The specifics 
in terms of the on site and off site work (production of materials) would have to be 
discussed. The different types or categories of vehicles using the roads in the 
selected countries and the different counting methods were considered. 
 
Work package 1.2 was then discussed in detail with reference to a list of operations 
or actions for construction, maintenance and operation of Irish roads, which was 
distributed to all the Partners as a discussion document prior to the meeting. It was 
initially decided that rating from 1 to 5 would be applied to each item on the list to 
indicate the degree of importance in the participating countries. Each item was then 
examined in detail with respect to the participating road schemes. It was discovered 
that some of the items on the list differed from country to country. There were also 
some additions to the list in the areas of barriers, and earthworks (contaminated 
land). Some of the items were dependant on the length of the schemes, and some 
would be scheme specific. Following discussion it was put forward that the drainage 
should be split up as follows: piped drains; open drains; vertical drains; number of 
ponds; number of chambers; number of manholes. 
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The types of material in terms of earthworks were considered. The list showed three 
types, soft, medium and hard. It was suggested that additional categories should be 
added to the list. It was also suggested that the production, import, disposal and 
transportation of material would have to be considered in terms of energy. The extent 
of site investigation was then considered with respect to the road schemes in the 
countries involved. The methods were noted as being similar. The possibility of 
forming working groups was discussed. 
 
2.3 Expertise & Work Groups 
It was decided to create a table showing the spread of expertise available among the 
Partners. As a result of this work groups were created which would examine various 
aspects consistent with the expertise in the area. The members of each work group 
are shown on the Spread of Expertise and Work Group Table. Group leaders were 
assigned as follows: 
 
Group 1: Road design, Construction and Operation – Gaudriot (Philippe Dumas) 
Group 2: Geology/Geotechnical – BPC (Brian Connor) 
Group 3: Energy – NUID (Paula Gahan) 
Group 4: Software (Jaap de Boer) 
 
The work groups will report to the leader and he or she will pass on information to the 
other groups as required and the co-ordinator. 
 
2.4  Site Visit & Reception in Civic Offices Dungarvan 
A site visit to Dungarvan was arranged for the Partners. The location of the routes for 
the proposed Bypass was described as well as some of the underlying geology. 
 
The mayor of Waterford Mr. Kieran O’Riain then officially welcomed the Partners at 
Waterford County Council Headquarters, Civic Offices, Dungarvan. 
 

21/01/2004 
9:00am – 12:30pm 

3.1 Completion of Discussion 
The use of the World Bank HDM programme was mentioned as a possible tool for 
modelling traffic operation. Other packages were also mentioned. As part of work 
package 1.5 a review of available software would be carried out. This software would 
have to be compatible with MX roads. 
 
The time programme for phase 1 was discussed and agreed. 
 
Some issues in terms of the Consortium Agreement were discussed. A number of the 
Partners requested that the name of the organisation be changed to their National 
Language (CDV and VTI). There were also changes to the persons who would be 
signing on behalf of some of the Partners for the purpose of this agreement only. 
 
The importance of providing the co-ordinator with cost statements and time sheets 
was emphasised as well as the method of reporting which should be used. 
Discussion as to whether the software developed in the project could be made 
available to other programmers was deferred until the next Partners meeting. 
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The date for the next Partners meeting was fixed for the 1st and 2nd of July 2004 in 
Sweden. 
 
The three working groups which had been formed then met separately to discuss 
briefly what information would be compiled as well as a possible time for their 
meetings within the timeframe for phase 1. A meeting of the Roads Workgroup is 
scheduled for March 1st in Gaudriot’s office in Paris. 
 
 
Minutes of Second Partners Meeting at Linkoping 
1st July 2004 
 
Present: Name    Organisation    
  Ray Butler   THRDO, Waterford County Council 
  Michael Joy   THRDO, Waterford County Council 
  Donal Clear   National Roads Authority 
  Brian Connor   BPC 
  Ulf Hammarström  VTI – Sweden 
  Rudolf Cholava  CDV – Czech Rep 
  Karel Pospisil  CDV – Czech Rep 
  Phil Jackson   BSL – UK 
  Jaap de Boer   BSL – UK 
  Paula Gahan   NUID – Ireland 
  Philippe Dumas  Gaudriot – France 
  Ricardo Pereira  Engivia – Portugal 

 
01/07/2004 

9:00 – 12:00 
1 Review of Progress Work Programme – Phase 1 
 
1.1 Energy usage per unit 
Significant progress had been made in assigning energy values to each unit of 
construction operation. It was agreed to meet in Linkoping on the morning of 
02/07/2004 to finalise values. 
 
1.2 Comparison between countries 
This would also be addressed at the meeting on 02/07/2004. 
 
1.3 Energy usage for each road option 
This could be evaluated when energy values were assigned. 
 
1.4 Energy usage of vehicles using each road option 
It was agreed that the VTI VETO program would be used to evaluate this. Three 
traffic categories would be evaluated. EU average for petrol and diesel consumption 
would be used. Details of geometry, traffic, speed limits for all the roads being 
evaluated would be forwarded to VTI. 
 
1.5 Computer Software 
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There was some discussion on the integration of VETO into MX. It was eventually 
decided that each computer package should stand independently and that BSL 
would develop a link between them using open XML. 
 
2 Action – Phase 2 
2.1 Select optimum route 
It was agreed that a column would be added to the route selection matrix for the 
various road schemes which would compare the energy used in construction and 
operation for each route option. 
 
2.2 Energy saving in construction phase 
Construction items using most energy would be further evaluated and possible 
energy saving measures recommended.  
 
2.3 Computer Software 
Development of the computer software would continue as discussed under item 1.4. 
 
3 Phase 3 
 
3.1 Energy Efficient Driving 
Parameters required for this phase of the project were discussed. Geometric details 
including junction type and speed limit information are to be assembled for each 
route. 
 
4 Any Other Business 
 
4.1 Swedish Road 
Ramboll Consulting Engineers presented details of the Swedish Road in advance of 
the afternoon site visit. 
 
4.2 BSL Mx Road 
BSL invited all interested to an MxRoad training session in Amsterdam in September 
2004, probably 23rd and 24th. 
 
5 Date and Location of next meeting 
It was agreed that the next Partners Meeting would be in Brno in the Czech Republic 
on the 27th and 28th January 2005. 
 

01/07/2004 
13:00 – 15:00 

6 Visit to VTI/Local Quarry 
The group split up immediately after lunch, part of the group visited a local quarry to 
observe quarry operations in Sweden the remainder had a guided tour of the VTI 
facility. The tour was very interesting with the highlight being the Driving Stimulator 
III.  
 
7 Visit to Swedish Road 
A site visit took place to the location of the Swedish road national route no. 50 
through the town of Motala. The location and detail of the route was described by the 
consultants Ramböll Sverige AB. 
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02/07/2004 
Meetings of the various work groups were held on the 2nd July 2004.  
   
 
Minutes of Third Partners Meeting at Brno 
27th & 28th January 2005-03-11 
 
Present: Name    Organisation 
  Ray Butler   THRDO, Waterford County Council 
  Elizabeth Kennedy  THRDO, Waterford County Council 
  John O’Flynn   Waterford County Council 
  Donal Clear   National Roads Authority 
  Brian Connor   BPC 
  Paula Gahan   NUID – Ireland 
  Rudolf Cholava  CDV – Czech Rep 
  Radka Haitmarova  CDV – Czech Rep 
  Jaroslav Urban  CDV – Czech Rep 
  Alexandr Mertl  CDV – Czech Rep 
  Ulf Hammarström  VTI – Sweden 
  Cecilia Orosz   Ramboll – Sweden 
  Jaap de Boer   BSL – UK 
  Philippe Dumas  Gaudriot – France 
  Philippe Bollinger  Ameseixal – Portugal 
  Ricardo Pereira  Engivia - Portugal 

 
27/01/2005 

9:45 – 12:45 
1 Review of Minutes of second Partners Meeting in Sweden 
Amendment to be made in section 1.4 – Three traffic categories are to be evaluated 
instead of two. 
 
2 Review of Progress Work Programme – Phase 1 
 
2.1 Energy usage per unit 
2.2 Comparison between countries 
2.3 Energy usage for each road option 
The Energy Usage spreadsheet was discussed. Energy values have been assigned 
to each unit of construction operation. The comparison between countries and the 
energy usage for each road option is also shown.  
Partners are to check their quantities, pavement tonnes, aggregate tonnes and send 
final figures before 28th February. Also, Sweden and the Czech Republic are to send 
on the Total Budget for their routes. 
It was agreed that the type of road should be included in the spreadsheet. Partners 
are to send on the Functional Description of their roads. 
It was agreed that another column should be included in the spreadsheet indicating 
the cost of energy for a route as a percentage of the total cost. This will be discussed 
further. 
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2.4 Energy usage of vehicles using each road option 
It was agreed that the average cost of petrol and diesel including tax will be used. 
Partners are to send on the prices of petrol and diesel (both operational and for 
consumer) for their own country as on 31st January 2005. Petrol and diesel usage is 
still to be discussed i.e. which vehicles will use petrol and which will use diesel. A 
recommendation will be made on this.  
 
2.5 Computer Software 
The software report was discussed. It was agreed that data will need to be added to 
make the appropriate analysis in VETO, i.e. type of vehicles, road chainage, speed 
limits, traffic volumes etc should be stored in a database. Partners are to read 
software report and return comments by 11th February. 
 
3 Review of Progress Work Programme – Phase 2 
 
3.1 Select optimum route 
The route selection matrix for the Irish routes was looked at. It was agreed to add 
another column to this for energy used in operation. All partners are to send on the 
Route Selection matrices for their routes.  
 
3.2 Energy saving in construction phase 
Energy saving in the construction phase was discussed. It was agreed that there is 
potential for energy saving in the earthworks, pavement and structures sectors. This 
will be looked at in greater detail and possible energy savings recommended.  
 
3.3 Computer software 
Development of the computer software would continue as discussed under item 2.5. 
 
4 Action – Phase 3 
 
4.1 Energy Efficient Driving 
Drainage, gradient, road width etc can be looked at with regard to energy efficient 
driving. Partners were given software and are to look at one of their own routes and 
see if energy usage can be reduced. Driver behaviour data is to be sent on if 
available. 
 
5 Phase 4 
 
6 Workgroups 
It was agreed to maintain the workgroup format. 
 
7 Possible follow up project 
 
8 Any Other Business 
Partners are to send on updated interim reports and Cost Statements. 
 
9 Date and Location of next meeting 
It was agreed that the next Partners meeting will be in Portugal on the 30th and 31st 
May 2005. 
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12:15 – 12:45 
Detail presentation of the Czech road. 
 

14:00 – 16:00 
Site Visit to Czech Road 
The group visited the locations of the Czech routes in the afternoon, stopping at 
various points along the routes. 
 

28/01/2005 
10:00 – 11.30 

A meeting was held during which a possible follow-up project was discussed. 
 
 
Minutes of Fourth Partners Meeting in Lisbon 
30th & 31st May 2005 
 
Present: Name    Organisation 
  Ray Butler   THRDO, Waterford County Council 
  Elizabeth Kennedy  THRDO, Waterford County Council 
  John O’Flynn   Waterford County Council 
  Donal Clear   National Roads Authority 
  Brian Connor   BPC 
  Paula Gahan   NUID – Ireland 
  Ricardo Pereira  Engivia – Portugal 
  Philippe Bollinger  Ameseixal – Portugal 
  Philippe Dumas  Saunier – France 
  Jaap de Boer   BSL – UK 
  Phil Jackson   BSL – UK 
  Rudolf Cholava  CDV – Czech Rep 
  Karel Pospisil  CDV – Czech Rep 
  Ulf Hammarström  VTI – Sweden 
  Cecilia Orosz   Ramboll – Sweden 
   

30/05/05 
9:15 – 12:45 

1 Minutes of Third Partners Meeting in Czech Republic 
No amendments to be made. 
 
2 Review of Progress Work Programme – Phase 1 
The Energy Usage operations and Route Description Spreadsheets were discussed. 
There is an amendment to be made to the French routes in the Route Description 
Spreadsheet – the surfacing thicknesses should be in mm instead of cm.  
Phase 1 is complete. 
 
3 Review of Progress Work Programme – Phase 2 
(i) Select optimum route 
All partners are to send on the Route Selection matrix for their routes, showing the 
optimum route. These are to be sent to Philippe Dumas before the end of July. 
(ii) Energy Saving in construction phase 
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Energy saving in the construction phase was discussed. Typical concrete and steel 
quantities (m3 for concrete, tonnage for steel) are to be sent to Paula Gahan before 
the end of June. The difference between using concrete and bituminous surfacing will 
be assessed and the energy savings will be quantified.  
 
4 Action – Phase 3 
(i) Redesign of selected routes – energy savings? 
The CDV report based on VETO calculations was discussed. Each country is to 
produce their results as in this report by the end of June. An extra table is to be 
included showing energy usage in construction. The Veto program should also be run 
using a concrete road surface. Each country is to try to model the existing road in 
Veto to calculate the energy usage on the road currently in use. All results are to be 
sent to LK. 
The evaluation of the cost and energy implications of changing the road design was 
discussed. There was some discussion as to whether fuel costs should be input into 
MX. It was agreed to exclude VAT from budget costs for each route. All partners are 
to check if the current budget costs for their routes exclude VAT and send on 
updated costs if not.  
 
5 Phase 4 
(i) Software Development 
60% of the software progress is complete. The software will be delivered for trial by 
mid-July and will be finalised in the beginning of August. 
 
6 Phase 5 
(i) Dissemination 
A new workgroup consisting of Brian Connor, Donal Clear, Phil Jackson and Philippe 
Bollinger was set up to co-ordinate the dissemination of the results. A 4-page colour 
brochure containing a non-technical summary will be produced – a draft brochure 
and circulation list will be produced by the end of July and finalised by the end of 
August. National Roads Authorities and National Energy Bodies should be contacted 
and there was some discussion as to which other organisations should be 
approached. It was agreed that presentations to various bodies will be made and that 
a presentation should be made to the commission in Brussels. There was some 
discussion on setting up a website and also providing information on the National 
Roads Authority and Bentley websites. Other suggestions included issuing press 
releases and submissions to trade magazines. 
 
7 Workgroups 
It was agreed to maintain the workgroup format, along with the introduction of the 
dissemination workgroup. 
 
8 Follow up Project 
The proposal for the follow up project will be submitted for the next call. There will be 
14 partners in total. 
 
9 Any Other Business 
A draft of the Final Report will be circulated before the next Partners Meeting. 
Brian Connor and Philippe Dumas will establish who to contact in the Commission. 
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10 Date and Location of next meeting 
The next Partners meeting will be in France on the 10th and 11th October 2005. 

31/05/05 
 
Site Visit to Portuguese Road 
A site visit took place to the location of the Portuguese road A 25/ IP 5 near Guarda. 
The visit was very interesting with stops at several points along the route. The details 
of the route were explained by the consultants Engivia and the contractors Lusocut – 
Beiras Litoral E Alta. 
 
 
Minutes of Fifth Partners Meeting in Clermont Ferrand 
10th & 11th October 2005  
 
Present: Name    Organisation 
  Ray Butler   THRDO, Waterford County Council 
  Elizabeth Kennedy  THRDO, Waterford County Council 
  John O’Flynn   Waterford County Council 
  Donal Clear   National Roads Authority 
  Brian Connor   BPC 
  Ricardo Pereira  Engivia – Portugal 
  Philippe Bollinger  Ameseixal – Portugal 
  Philippe Dumas  Saunier – France 
  Jaap de Boer   BSL – UK 
  Phil Jackson   BSL – UK 
  Rudolf Cholava  CDV – Czech Rep 
  Karel Pospisil  CDV – Czech Rep 
  Ulf Hammarström  VTI – Sweden 
  Cecilia Orosz   Ramboll – Sweden 
   

10/10/05 
9:15 – 12:30 

1 Welcome address to Saunier Offices 
 
2 Minutes of 4th Partners Meeting in Lisbon 
No amendments to be made. 
 
3 Review of Progress Work Program – Phase 2 
(a) Select optimum route 
(b) Energy saving in construction phase 
(c) Computer software 
The selection of the optimum route for each road was discussed. The impact of 
changing the gradient of a route on both construction and operational energy was 
discussed. It was agreed that there would need to be a large change in gradient to 
have any major impact on energy usage. Partners are again to change the gradient 
for one of their routes. It was decided to make a major change to the gradient, even 
to go outside standard, to establish the effect on energy. It is sufficient to use just one 
pavement type, concrete asphalt, for this. Results are to be sent to EK by 21st 
October. 
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4 Action – Phase 3 
Redesign of selected routes – energy savings 
The NUID Energy Usage Spreadsheet was discussed. It was agreed that the 
quantities for stripping topsoil are incorrect – this should be in m3 instead of m2. The 
route selection matrix and the rating method used were discussed. At the moment 
energy is given a low importance rating. Partners are to use ratings of 1, 2 and 3 for 
both construction and operational energy and see what changes this will make to the 
overall matrix. Each partner can change the multiplier depending on the importance 
of each criterion for each road. Revised matrices are to be sent to PD by the 28th 
October. 
 
5 Phase 4 – Software Development 
Jaap de Boer gave a demonstration of the software, which is to be finalised shortly. 
The possibility of the Veto program being delivered along with the MX package was 
discussed, although this then gives rise to an issue of support with Veto. 
 
6 Phase 5 - Dissemination 
The content and appearance of the Dissemination document was discussed. It was 
agreed that averages should not be used for the dissemination document and to use 
a range of values instead. It was also agreed that the ‘do nothing’ scenario should be 
looked at. Text will be used instead of tables to detail the amount of energy saved by 
amending gradient etc. The amounts of carbon dioxide, as used in the Energy 
spreadsheet, will also be mentioned. 
 
7 Follow up Project 
The 31st January 2006 is the closing date for submissions for the next STEER 
projects. It is proposed to use the ‘Joulesave’ program to study more roads. Input is 
required from each Partner to organise the work program. 
 
8 Date and Location of next meeting 
It was agreed to hold the next meeting in Dublin on the 15th November. At a later 
date, a delegation will present the findings of the project to the Commission in 
Brussels. 
 

10/10/05 
2:30 – 4:30 

The location and details of the French road were presented by Philippe Dumas and 
Patrick Lacroix. Following this, separate workgroup meetings were held to discuss 
the route selection matrix and the dissemination of the project. 
 

11/10/05 
8:00 – 5:00 

The group were taken on a very interesting visit to the Millau Viaduct. 
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Minutes of Sixth Partners Meeting in Dublin 
15th November 2005  
 
Present: Name    Organisation 
  Ray Butler   THRDO, Waterford County Council 
  Elizabeth Kennedy  THRDO, Waterford County Council 
  Donal Clear   National Roads Authority 
  Brian Connor   BPC 
  Paula Gahan   NUID – Ireland 
  David Timoney  NUID – Ireland 

Jaap de Boer   BSL – UK 
  Phil Jackson   BSL – UK 
  Rudolf Cholava  CDV – Czech Rep 
  Ulf Hammarström  VTI – Sweden 
  Cecilia Orosz   Ramboll – Sweden 
  
Apologies: John O’Flynn; Philippe Dumas; Ricardo Pereira; Philippe Bollinger; Karel 
Pospisil. 
  

15/11/05 
11:30 – 3:30 

 
1 Minutes of 5th Partners Meeting in Clermont Ferrand 
No amendments to be made. 
 
2 Review of Work Programme – Phase 1 
Evaluation of Energy Units 
This phase is complete. 
 
3 Review of Work Programme – Phase 2 
Route Selection 
This phase is complete. The Swedish Road was discussed; it has been described as 
a dual carriageway up to this point but it will be similar to a motorway in terms of 
construction energy as it has grade separated junctions. It was therefore decided that 
for the purposes of this project it should be described as a motorway.  
 
4 Review of Work Programme – Phase 3 
Energy Efficient Driving 
Each country has produced a report outlining possible energy savings. Final results 
showing the ranges of predicted energy usage and possible savings for each road 
type will be sent to UH for checking. 
 
5 Phase 4 – Completion of Software Tool 
Jaap de Boer distributed the MX software with the JOULESAVE add-on to all 
partners. Partners are to use and give feedback to Bentley.  
 
6 Phase 5 – Dissemination 
The draft dissemination document was discussed and finalised in terms of layout, 
size and wording. Results are yet to be finalised and will be sent to BC when 
complete. It was agreed to have one table showing the overall construction and 
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operational energy for each route and that a bar chart showing the results should be 
included. A graphic from the JOULESAVE programme may be included. A final 
paragraph stating the outcomes and potential of the project is yet to be added. It was 
agreed that the final brochure should be produced by a graphic designer. 
 
7 Discussion on Results and Conclusions 
It was agreed that a chapter outlining all results will be at the start of the report. It will 
be an executive summary detailing the work done, how energy values were 
calculated, possible savings for each route and the conclusions that can be drawn 
based on this study.  
 
8 Review of Final Report 
Partners are to send any further reports etc for inclusion in the Final Report by the 
25th November. The dissemination document will be included in the Final Report. 
 
9 Follow-up Project 
The 31st January 2006 is the closing date for submissions for the next STEER 
projects. It is hoped to have a draft proposal next month. 
 
10 A.O.B. 
BC will draw up a list of people to whom the dissemination brochure should be sent. 
TH will distribute the brochure. BC will make inquiries as to whom a presentation 
should be made in Brussels. A PDF format of the Final report will be located on the 
National Roads Authority’s website. Inquiries will be made to see if the JOULESAVE 
name has already been used in a website.  
 
     

Roads Workgroup Meetings: 
 
Minutes of First 'Road design, Construction, Operation’ Workgroup meeting 
Tramore, Co. Waterford, Ireland 
21st of January 2004  
 
Present: Name    Organisation 

Ray Butler    THRDO, Waterford County Council 
Tom Brennan   THRDO, Waterford County Council 
Karel Pospisil   CDV – Czech Rep 
Philippe Dumas   Gaudriot – France 
Ricardo Pereira   Engivia – Portugal 
+ 
Jaap de Boer   BSL – UK 
David Timoney   BSL – UK 
Donal Clear    National Roads Authority           

 
Meeting: 
• Definition of tasks: 

1) Selection of ‘energy usage operations’ 
2) Traffic: estimation of the volume/categories of vehicles 
3) Types of machines, engines etc for road construction 
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• Definition of actions: 
1) tables to complete by each partner and final approval 
2) discussion before approval 
3) contact the builders 

• Next workgroup meeting 
 
Actions: 
 
1) Selection of energy usage operations 

- Initial table 1 
- Table 2 with two more columns: instruments and consumption 
- Each partner to complete table 
- Tables sent by email 
- Final approval at the meeting in Paris 

 
2) Traffic 

- review the different methods to estimate the volume (daily, two-way)      
- number of vehicle types  

 
3) Types of engines 

- ask the builders for a list of machines, engines, trucks etc. used for road  
   construction 
- calculate the energy consumption 

 
 
Minutes of Second 'Road Design, Construction, Operation' workgroup meeting 
Paris 
1st March 2004 
 
Present: Name    Organisation 

Ray Butler    THRDO, Waterford County Council 
Tom Brennan   THRDO, Waterford County Council 
Karel Pospisil   CDV – Czech Rep 
Philippe Dumas   Gaudriot – France 
Patrick Lacroix  Gaudriot – France 
Ricardo Pereira   Engivia – Portugal 

 
• selection of energy usage operations 

- final table on actions to be taken into account 
- table with two more columns: instruments and consumption 
- final approval 

 
• Types of engines 

- ask the builders: machines, engines, trucks etc. used for road construction 
- calculate the energy consumption 
- comparison process 
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Minutes of Third 'Road Design, Construction, Operation' workgroup meeting 
Linkoping, Sweden 
2nd July 2004  
 
Present: Name    Organisation 

Ray Butler    THRDO, Waterford County Council 
Karel Pospisil   CDV – Czech Rep 
Philippe Dumas   Gaudriot – France 
Ricardo Pereira   Engivia – Portugal 
 

• Determination of types of engines for each ‘energy use operation’ in an European 
point of view 

• European agreement on output per hour of engines 
• Establishment of the final table: each route option will be based on this. 
 

Energy Workgroup Meetings: 
 
1st Energy Workgroup Meeting 
Tramore, Co. Waterford, Ireland 
21st January 2004 
 
Present: Name    Organisation 
  Paula Gahan   NUID – Ireland 
  David Timoney  NUID – Ireland 
  Rudolf Cholava  CDV – Czech Rep 
  Philippe Bollinger  Ameseixal – Portugal 
  Ulf Hammarström  VTI – Sweden 
  Phil Jackson   BSL – UK 
  Jaap de Boer   BSL – UK 
 
1.1 Introduction 
During the course of the First Partners Meeting in Tramore, the Energy Workgroup 
was formed. 
 
The Energy Workgroup is comprised of NUID (Ireland), CDV (Czech Rep), Ameseixal 
(Portugal) and VTI (Sweden). 
 
Paula Gahan (NUID) was assigned as Workgroup Leader, with responsibility for: 

1. Correspondence within the workgroup, 
2. Liaising with the Roads, Geology and Software Workgroups, 
3. Ensuring Work Packages/Phases are completed on time. 

 
1.2   Energy Vehicle Operation 
 
1.2.1 Software Selection 
Due to time constraints, it was proposed that the energy workgroup would select a 
pre-existing software package for modelling traffic operation on a road. A number of 
packages were discussed, including the VTI’s VETO 2000 programme, the CE-
CERT’s CMEM model, and the World Bank’s HDM programme. 
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Ulf Hammarström is to determine whether it is possible to use the VETO programme 
for this project. A copy of the VTI’s VETO 2000 programme is to be sent to CDV 
(Rudolf Cholava, Transport Research Centre (CDV), Lisenka 33a, 636 00 Brno, 
Czech Republic) and NUID (Paula Gahan, Room 220, Mechanical Engineering 
Department, Engineering Building, UCD, Dublin 4, Ireland). 
A copy of the CE-CERT’s CMEM programme is to be sent to CDV for evaluation. 
 
1.2.2 Literature Review of Pre-existing Software 
As part of Work Package 1.5, a review of the available software would be carried out. 
It was noted that a similar literature review was carried out as part of the Cost 346 
project. 
 
It was agreed that at the very least, this software would have to meet the following 
requirements: 

1. Ability to model junctions, speed limits and horizontal and vertical alignments. 
2. Open interface and compatibility with MX roads. 
 

The preliminary results of the evaluation of the CMEM and HDM programmes by 
CDV are expected by the 5th March. 
Ulf Hammarström was asked to perform a similar evaluation of the VTI’s VETO 2000 
programme. 
 
1.3 Energy, Road Construction Materials 
NUID and Ameseixal are to commence work on WP 1.2. This work package will 
involve carrying out an evaluation of all the actions necessary to construct a road e.g. 
excavation of m3 clay, transport of m3 clay, spreading of m3 clay etc. The energy 
used in each of these actions will then be determined. 
 
1.4 Future Meetings 
As discussed at the First Partners Meeting, the Energy Workgroup will meet within 
the time frame of phase 1 to discuss different aspects and come to a common 
position. 
 
The next meeting between NUID and Ameseixal would take place in Portugal as 
soon as possible after the Second Road Workgroup Meeting in March. This meeting 
will discuss the outcome of the Second Road Workgroup Meeting (scheduled for 
01/03/04), and the progress to date of Work Package 1:2. 
 
It was also proposed that Paula Gahan would travel to Sweden in April to become 
familiar with the VTI’s VETO programme. 
 
The date for the next meeting of all the Energy Workgroup Partners was fixed for the 
2nd July 2004 in Sweden, after the Second Partners Meeting. 
 
The meeting concluded at 12:15pm. 
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2nd Energy Workgroup Meeting 
Engivia Offices, Lisbon, Portugal 
15th March 2004 
 
Present: Name    Organisation 
  Paula Gahan   NUID – Ireland 
  Philippe Bollinger  Ameseixal – Portugal 
  Ricardo Pereira  Engivia – Portugal 
 

15/03/04 
10:30 – 5:30 

1.1   Introduction 
The Energy Usage for Road Construction, Maintenance and Operation was the main 
focus of this meeting. 
 
NUID and Ameseixal are only two parties of the Energy Workgroup working on this 
area i.e. Work Package 1:2. This work package will involve carrying out an evaluation 
of all the actions necessary to construct a road e.g. excavation of m3 clay, transport 
of m3 clay, spreading of m3 clay etc. The energy used in each of these actions will 
then be determined. 
 
The meeting dealt with the progress to date of Work Package 1:2 and the outcome of 
the second Road Workgroup Meeting held on the 1st March in Paris. 
 
1.2 Energy – Road Construction, Maintenance and Operation 
Ricardo Pereira outlined the progress made at the Roads Workgroup Meeting in 
Paris on the 1st March. The ‘Energy Usage Operations’ Excel Sheet generated at that 
meeting formed the basis of the discussions. 
 
1.2.1 ‘Energy Usage operation’ Excel Sheet 
It was decided that ‘Labour’ was not considered relevant to the total energy usage for 
Road Construction Maintenance and Operation. Hence we advise that the ‘Labour’ 
column be removed. 
 
It was also decided that the energy evaluation would be broken up into two parts; the 
energy used by (i) the machinery and the energy embodied in (ii) the materials used. 
 
Hence a Life Cycle Analysis or ‘Cradle to Grave’ Analysis of the main materials used 
in Road Construction, Maintenance and Operation will be evaluated. For this 
purpose, a list of materials used and the quantities used must be added to the 
‘Energy Usage operations’ Excel Sheet. 
 
1.2.2 Machinery – Road Construction, Maintenance and Operation 
The Caterpillar Inc. ‘Production Manual SPBD 0343’ (Edition 33, Press USA, October 
2002) will be used as the main reference source for machinery data for energy 
calculations. This catalogue details the fuel consumption per hour (litres/hr) of all 
major road building machinery. 
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If a Caterpillar machine is not being used, the Leader of Each Road Project (Ricardo 
to advise) should try where possible to suggest an equivalent Caterpillar product in 
their ‘Plant Description’. 
 
For road construction energy calculations, one month was defined as twenty-two 9-
hour working days, with a one-hour break. Hence the machinery operates for an 8-
hour period each day. 
For calculations, the fuel used by the road construction machinery has been 
assumed to be of environmental class 2 with a sulphur content of 0.05% and a lower 
heating value of 35.1 MJ/litre. Adding in a pre-combustion primary energy 
consumption factor for the production of diesel of 10% (Reference: Hakan Stripple-
Life Cycle Assessment of Road-A Pilot Study for Inventory Analysis. IVL Swedish 
Environmental Research Institute, 1995), gives a total energy consumption of 38.61 
MJ (35.1 MJ/litre + 3.51 MJ/litre) per litre of diesel fuel consumed. 
 
1.2.3 Materials – Road Construction, maintenance and operation 
A Life Cycle Analysis of the main materials used in Road Construction, Maintenance 
and operation must be evaluated. 
 
Paula has already completed a site visit of an Aggregate Quarry and a Bitumen 
Terminal. Energy usage values measured during theses site visits will be used to 
calculate the LCA of aggregates and bitumen, which are the most important materials 
used in road construction. 
 
A literature review must be performed in order to determine the energy embodied in 
the other main road construction materials. 
 
1.3 Energy Evaluation – Portuguese Road 1P5 Construction Phase 
Ricardo Pereira provided most of the details on the Plant (Description and Quantity) 
and the Total Daily Output for the Portuguese Road IP5. From this information, an 
initial energy evaluation of the road construction phase was performed. Ricardo is to 
provide NUID and Ameseixal with the missing information as soon as possible. 
 
Once this information on Road IP5 and the other road projects has been submitted, a 
full energy evaluation can be made for each road project. 
 
1.4 Future Meetings 
The date for the next meeting of all the Energy Workgroup partners will be the 2nd of 
July 2004 in Sweden, after the Second Partners Meeting. 
 
The meeting concluded at 5.30pm. 
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Third Energy Workgroup Meeting 
VTI Offices, Sweden 
14th & 15th April 2004 
 
Present: Name    Organisation 
  Paula Gahan   NUID – Ireland 
  Jaap de Boer   BSL – UK   
  Ulf Hammarström  VTI – Sweden 
 
Introduction: 
In order to assess the VTI’s vehicle software program, VETO, a two day meeting was 
held at the VTI offices in Sweden. The above project partners, along with other 
experts from VTI’s Transport and Environmental division and Traffic Simulation 
division, attended the two day meetings. 
 
Progress: 
Day 1: Wednesday 14th April, 9am – 4.30pm 
The meeting commenced with introductions and presentations from the two visiting 
project partners, Paula Gahan (NUID) and Jaap de Boer (Bentley Solutions). 
  
A discussion of the vehicle software requirements for the project was then 
undertaken, concerning whether or not the VETO program satisfies them. The 
discussions were broken down into two parts: 1) Software Issues and 2) Energy 
Issues. 
 
1) Software Issues 
The software issues are those that the program must meet in order to ensure 
successful integration with the existing MX Roads Software package. Ulf 
Hammarström informed the group that the VETO program could be used without any 
restrictions for the purposes of the project, if that was the wish of the Partners. 
Bentley Solutions are concerned that the program may not be usable as it is written 
in Fortran 77. Also this may a problem in the future if adjustments to the code are to 
be made as they would require the assistance of VTI in order to make any changes. 
Ulf stated that VTI could not be held responsible for any further upgrades to the 
program. The input files must be in Excel, ASCII, or Formula One format. The input 
files consist of the following types: Vehicle, Road, Weather conditions and Driving 
Behaviour. The output files are only in ASCII format, and give the following 
information: 
• Physical Dimension (e.g. Fuel, Tyre and Brake Costs) 
• Driving Behaviour (e.g. gear changes) 
• Emissions (HC, CO, NOx, CO2, PM) 
• Energy Usage 
 
Jaap de Boer was given a copy of the program and the code for further assessment 
at the Bentley Offices. The other two software packages that are being evaluated, the 
CE-CERT’s CMEM model and the World Bank’s HDM programme, were also briefly 
discussed. 
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2) Energy Issues 
As outlined at the First Energy Workgroup meeting, the selected vehicle software 
program must meet certain requirements. The program must be able to evaluate the 
vehicle energy usage for a wide range of road and vehicle aspects. It was decided 
that this was to be evaluated during the practical assessment period after the two day 
meetings. 
The end user of the package will be a Road Design Engineer, and it must be 
assumed that he/she will have little or no knowledge of energy or software packages. 
The input information required for the program might not be easily assessable for a 
road design engineer. The possibility of making certain assumptions/average 
calculations for different road and vehicle aspects was discussed, in order to limit the 
amount of information that must be entered into the program. These averages could 
be made for the overall European case or on a country to country basis. 
An initial demonstration of the VETO program was given to become familiar with the 
programs features and limitations. This also gave the opportunity to assess the user 
interface. It was suggested that the program must be easy to use once combined 
with the MX Road Package. If this is not the case, then perhaps the energy 
evaluation would not be used, or else used incorrectly. 
 
Day 2: Thursday 15th April, 9am – 3pm: 
A tour of VTI’s facilities was undertaken to give a better understanding of the 
organisations expertise in the area of transportation and the work that they undertake 
on a wide range of vehicle issues. 
This was followed by a presentation of the MX Road Package by Jaap de Boer. This 
demonstration provided much thought for discussion on how the vehicle software 
program will be integrated into the MX Road program. The limitations of the MX Road 
program were also discussed. Again it was emphasised that the energy evaluation 
add-on must be user friendly. These restrictions must be borne in mind when 
assessing the VETO program. Jaap de Boer suggested that perhaps certain 
modifications could be made to the MX Road Package in order to assist with the 
integration of the vehicle software program. 
 
Future Meetings 
A practical assessment of the VETO program is to be undertaken between the 16th 
and 22nd of April by VTI and NUID also at the VTI’s offices. 
The date for the next meeting of all the Energy Workgroup partners will be 
the 2nd July 2004 in Sweden, after the Second Partners Meeting. 
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Geotechnical Working Group Meetings: 
 
Minutes of 1st Meeting of Geotechnical Workgroup 
Tramore House, Co. Waterford, Ireland    
21st January 2004 
       
Present: Name    Organisation  

Brian P. Connor    BPC 
       Karel Pospisil   CDV 
       
1. Definition of Geo-materials - on-site Materials and off-site Materials.    
2. National Specifications or Standards and Legal Requirements: 
    (A) From each country with road to be studied in project. 
    (B) Other countries in Europe at a later date. 

 This is for on-site geo-materials and processed geo-materials brought on site. 
3. Geotechnical Reports on each of the selected five roads are to be studied. 
4. Draw up list of Geo Materials for each of the five roads selected – both on- 
    site and off-site.  
5. Classify the on-site Geo-materials with regard to their ease or otherwise of  

removal. This will define the energy use. The same definition applies for off-site 
materials. 

6. Meeting of work group Paris 27th February to be confirmed. 
  
Actions 
Collect national Legal Requirements and/or specifications. 
Ireland, France, Portugal, Sweden, Czech Republic. 
Obtain Geotechnical Studies for route selection for each road. 
Classify geomaterials into groups which would appear to require similar energy 
inputs for excavation or processing (off site material). 
 
 
Minutes of 2nd Meeting of Geotechnical Workgroup 
Gaudriot Offices, Paris, France 
1st March 2004 
    
Present: Name    Organisation 
    Brian P. Connor  BPC 

Philippe Dumas  Gaudriot 
Karel Pospisil  CDV 

  
1) Geotechnical Reports on the Irish Study Road -N25 Dungarvan Outer By-pass and 
Portuguese Study Road- IP5 Mangualde-Guarda were evaluated. 
 
2) Technical Specifications of Geological Materials that were available from the 
project partners were compared and evaluated. These were mainly used for 
construction cost evaluation and would be used in tender documents for construction. 
They did not relate to energy usage and as such could not be directly used in the 
project for evaluation of energy use. 
3) It was decided to reduce the number of categories of geologic materials which 
would relate directly to the energy used in excavation transport and dumping of the 
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materials. Processing of the geological materials could be included where relevant 
(crushing, screening etc). 
  
4) It was decided, based on the French Specification for geological materials, that 
two categories of Geological Materials could be used. 
  

A - Material that only required an excavator to remove it (e.g. soils, weathered 
rock etc) and then transported and dumped. 

  
B - Material that requires blasting before it could be removed by an excavator 
and then transported and dumped (solid rock). 

  
Geologic Materials that fall between both categories (A and B) can be classified as a 
percentage of A and a percentage of B e.g. 30%a, 70%B. 
Imported Geologic Materials used in embankments and pavements. 
The same energy values for excavation can be used as for A and B (depending on 
the source material for the aggregate gravel or hard rock). An additional energy value 
would have to be included for processing, crushing screening etc. 
  
5) The geologic materials on the five routes should be classified into A and B to see if 
the two divisions work in practice. They can be modified if necessary. 
  
Minutes of 3rd Meeting of Geotechnical Workgroup 
Sweden 
1st July 2004 
 
Present:  Name    Organisation 

Brian P. Connor  BPC 
Philippe Dumas  Gaudriot 
Karel Pospisil  CDV 

  
1) Minutes of previous meeting were approved. 
  
2) Work on the three geotechnical units A, B and C indicated that they could be 
applied to all the roads involved in the project. 

 

Dissemination Work Group Meeting: 
 
Minutes of 1st Dissemination Workgroup Meeting 
Lisbon 
1st June 2005 
 
 Present: Name    Organisation  
  Philippe Bollinger  Ameseixal 
  Brian Connor   BPC 
  Donal Clear   National Roads Authority 
  Phil Jackson   BSL – UK 
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General: 
It was agreed that BC would be the overall Co-ordinator for the purposes of this sub-
committee and that DC would chair the meeting and take minutes for later circulation. 
 
1) Deliverables 
The Final Report of the project upon completion as well as the associated Computer 
Package are to be the main deliverable items. At this time the language for 
dissemination is English although there may be scope for reviewing this at a later 
stage.  
DC will prepare an Executive Summary of the findings of the Final report when 
completed, which will be produced in leaflet form. The details of its contents will only 
be finalised with the agreement of the committee. PB will undertake the graphic 
design of the document at that stage. 
DC will then assess if his organisation will undertake running prints for distribution. 
 
2) Software 
PJ will be responsible for all matters relating to the advertising and promotion of the 
software associated with the project. 
 
3) Commission Meeting  
BC will arrange a forum for presenting the findings of the project by the committee at 
a high level meeting in Brussels. Other issues which may come up for discussion at 
that meeting could be the ‘Energy Efficiency in Road Design’ as well as possible 
follow up projects of a similar vein.  
 
4) Papers & Conferences 
PJ agreed to examine potential of using professional and technical media outlets and 
possibly conferences for advertising the project at National, EU and possibly 
International levels. 
 
5) Web Sites 
The official home page for the project is to be the IERD CORDIS web site and DC will 
try to progress this. 
All parties involved should however be entitled to display on their own home pages 
whatever information they wish without the need for agreement from any of the other 
parties. 
 
6) Any Other Business 
There were no matters under this heading. 
 
7) Date of next Meeting 
The next meeting is to be held after the next Partners Meeting in France in Autumn 
2005, unless urgent matters determine otherwise. 
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Irish Partners Meetings: 
 
Meeting with NUID 
Hotel Kilkenny, College Road, Kilkenny 
8th December 2003 11:00 – 2:45 
 
Present: Name    Organisation  

Ray Butler    THRDO, Waterford County Council 
  Thomas Brennan  THRDO, Waterford County Council 

Brian Connor   BPC 
David J. Timoney  NUID 

  Paula Gahan   NUID 
 
Brief Summary: 
We discussed the date when we expected the initial payment to be made, the 
importance of keeping proper time sheets and keeping cost sheets up to date (Annex 
III). The importance of good administration was also emphasised. 
 
Brian had drawn up a partner’s agreement, from his experience in other projects and 
we agreed that this would be forwarded to all parties to the contract for agreement or 
otherwise 
 
The co-ordinator confirmed that the date for the first partners meeting had been set 
for the 19th of January 2004 at Tramore House Regional Design office. It was also 
confirmed that people could be collected from Cork airport. However, those flying into 
Dublin would have to make their own way to Tramore. It was confirmed that a map as 
well as an agenda had been e-mailed to all the contractors.  
 
Phase 1 was discussed in terms of the work which the Irish partners to the project 
could undertake and agree prior to the meeting in January. We discussed at length a 
document prepared by the co-ordinator on the various operations of work during road 
construction which may or may not be significant in terms of energy usage. The main 
points from this were as follows: 
 
• It was suggested that timber and concrete post and rail be examined or compared 

in terms of their energy efficiency. 
• The classification of earthworks material was suggested to be as follows: 
  Soft 
  Medium 
  Hard 
• The values of energy would have to be in terms of the on site and off site work as 

follows:  
Off site – Production and transportation to site 
On site – Installation and or erection etc 

• All operations to do with drainage and services (ducting etc) regardless of where 
they are located would be looked at under one heading ‘Services’. 

• The surfacing material, life of the pavement (either 20 or 40 years) and 
maintenance periods for pavements were also discussed (typically 15 years).   

• As bridges and tie ins would involve earthworks, it was decided that the term 
earthworks would cover these aspects as well. 
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• The units as regards bridges would be in terms of tonnes of steel and cubic 
metres of concrete, and the energy would be derived from these. 

• Underpasses and bridges would be grouped together. 
• The junctions would be split into two types (Major & Minor) for road signage. 
The list provided by UCD was then examined and the sections for road operation and 
maintenance would be added to the co-ordinator list. 
 
Actions: 
UCD will e-mail the list of road operations and maintenance to the co-ordinator. 
 
The co-ordinator will revise the list of operations as a result of this meeting and 
include road operations and maintenance as per the list produced by Paula Gahan. 
This will be distributed to the Irish Partners.  
 
The co-ordinator will forward the air quality, traffic assessment (with count data and 
typical count sheets) and the Cost benefit analysis for Dungarvan to UCD. 
 
The co-ordinator will get any information on road operation and maintenance and 
send to UCD. 
 
The co-ordinator will get information on the different types of signage and forward to 
UCD. 
 
The co-ordinator will provide information on various types of bridge foundations to 
UCD. 
 
The co-ordinator will forward any relevant tables for bituminous materials to UCD. 
 
THRDO and Brian Connor Meeting 
Tramore House, Co. Waterford 
5th of January 2004 
 
Present: Name    Organisation  

Ray Butler   THRDO, Waterford County Council 
Thomas Brennan  THRDO, Waterford County Council 
Brian Connor   BPC 

 
Brief Summary: 
We discussed the availability of accommodation for the contractors attending the first 
partners.     
                 
We agreed that the energy usage operations (Irish Conditions) and the consortium 
agreement should be sent to all the contractors. It is hoped that the contractors will 
have some work done on energy usage operations, particularly those whose road 
schemes form part of the project. 
 
The agenda for the meeting was discussed. 
 
It was agreed that the partners’ presentations should be forwarded to THRDO prior to 
the meeting. 



Appendix B  SAVE Programme 

  Final Report 

Discussed phase 1 of the project in particular the work packages 1.1 to 1.6 and 
agreed a preliminary time programme for completion. It is envisaged that these 
aspects will be discussed and agreed at the upcoming meeting. Following the 
meeting we will have seven months to the completion of the phase 1. 
 
It was agreed that monthly progress reports should be submitted by the contractors 
and that these should contain a review of progress with respect to the programme. 
This will be discussed at the meeting. 
 
The possibility of having the next partners meeting earlier then August 2004 was 
discussed. The middle of June was put forward as a possibility. 
 
Actions: 
Forward the consortium agreement, energy usage operations and the agenda to all 
the contractors to the project. 
 
Prepare a programme for the overall project in particular phase 1. 
 
 
Irish Partners Meeting 
Kilkenny Ireland 
17th May 2004 
 
Present: Name    Organisation 
  Ray Butler (RB)  THRDO, Waterford County Council 
  Paula Gahan  (PG)  NUID 
  Brian Connor  (BC)  BPC 
 
1.1 Introduction  
This meeting of the Irish partners was convened to discuss progress on Phase 1 of 
the project. 
 
1.2 Work Package 1.2/1.3 
Energy Use Spreadsheet has not been received from either the Swedish or Czech 
partners.   They are requested to forward as soon as possible. 
 
1.3 Work Package 1.4 
Quantities to be entered for each road onto spreadsheet. 
Details of material types A, B & C to be forwarded to each partner. 
Contact details for Roadstone to be forwarded to PG. 
 
1.4 Work Package 1.5 
Work Package 1.5 is complete. 
1.5 Work Package 1.6 
MX models of each road to be forwarded to Bentley. 
 
1.6 Programme 
Programme for Phase 2 to be prepared for meeting in Sweden. 
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1.7 Reports to Commission 
Request format for six monthly reports from Commission.  
 
 
Irish Partners Meeting 
UCD, Ireland 
14th December 2004 
 
Present: Name    Organisation 
  Paula Gahan (PG)  NUID 
  Brian Connor (BC)  BPC  
  Tom Brennan (TB)  THRDO, Waterford County Council 
  Elizabeth Kennedy (EK) THRDO, Waterford County Council 
 
TB said that there appears to be an error on Ireland Route 1, in the Pavement 
section – he said he will look into this. 
 
It was agreed that the completion of certain parts (WP1.3 & WP1.4) of Work 
Programme 1 is being held up due to delays in procuring data from the Czech 
Republic and the necessary information should be requested immediately.  
 
With regard to WP1.5, VTI got all the data last week and Ulf is working on this.   
 
The comparison of the type of carriageway being used for the project by each 
country was discussed. It was queried as to how ‘true’ comparisons will be in terms of 
energy usage because of the fact that some countries are using dual 
carriageway/motorway and others are using single carriageway roads. PG said that 
the value per metre width can be used so it should be irrelevant whether the road is 
single or dual carriageway. TB commented that comparisons would be difficult even 
on this basis. 
 
A ‘Functional Description’ is required from the roads partners, giving details of the 
road - total length, width, number of lanes, number of bridges/structures, thicknesses 
of wearing course, basecourse etc. PG needs to include this information for her 
report.  
 
BC said that something should be included in the report to say that all countries are 
using the same plants for this project. TB suggested having an option in MX to 
change the type of plants used and get the output for different machinery. PG agreed 
that this would be useful but said that there would be a lot of work involved. BC 
suggested highlighting areas that will need further research but will not be covered 
for the purposes of this project.   
 
It was agreed that it would be useful at a later stage of design to be able to go back 
and input extra data into MX. For example, if extra drainage information is available 
during detailed design, this could be input into MX to give an updated energy output 
value. 
 
It was queried as to whether a value for imported fill should be included. TB said he 
will look into this. 
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PG said that the operation of the road will have higher energy use than during 
construction (e.g. over a 20 year period). The potential energy savings during 
construction was discussed. It was agreed that the potential for savings is developed 
at design stage, for example, changing cut volumes, curves, quantity of basecourse 
etc.) 
 
It was suggested that the interim report should show that the energy and software 
workgroups were done in conjunction with each other. PG said that the report will 
reflect this. 
 
For the Cordis data base, it was suggested sending the report to Rex Bailey. 
 
 
THRDO and Brian Connor Meeting 
Tramore House, Co. Waterford 
22nd March 2005 
 
Present: Name    Organisation 

Ray Butler   THRDO, Waterford County Council 
  Elizabeth Kennedy  THRDO, Waterford County Council 
  Brian Connor   BPC 
 
1. Update of work to date:  
The work done to date was reviewed. Phases 1 and 2 and any tasks outstanding 
were discussed. As discussed at the Third Partners meeting in Brno, all Partners 
must check their quantities and submit any changes. All Partners are also to submit a 
Route Selection matrix with energy as one of the factors.  
 
The energy saving in the construction phase was discussed. The areas where 
potential energy savings could be made have already been identified i.e. in the 
earthworks, structures and pavement sectors. It was agreed that a short report 
should be written on this, outlining possibilities for energy savings. It was also agreed 
that there is scope for further work to be carried out on this area.  
 
The VETO programme was discussed – each Partner is to use this on one of their 
routes before the end of May. 
 
2. Work for next Partners Meeting: 
The outstanding tasks from Phases 1and 2 i.e. checking of all quantities and Route 
Selection Matrices, and the application of the VETO programme to one of the routes 
from each country, are to be completed before the next Partners Meeting. 
 
3. Progress Reports: 
The first report for the IntellEbase Database has been submitted but has not yet been 
put on the website due to technical difficulties. It was agreed to submit the 6 and 12 
monthly progress reports at this stage. 
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4. Intermediate Report: 
The progress of the Intermediate Report was discussed. It was agreed to include a 
non-technical summary outlining the work carried out in terms of cost, as opposed to 
just in terms of energy. 
 
5. Cost Statements: 
The Cost Statements were discussed. It was agreed to change the period which the 
Cost Statements are to cover – they are now to cover the period from 18/11/2003 to 
31/03/2005.  
 
6. Dissemination: 
It was agreed to ask all Partners if there are plans to publicise the project and 
software in their own countries. 
 
7. Final Report and Software: 
It was agreed to discuss the software at the next Partners Meeting.  
 
 
 
 
 

 
 

First Partners Meeting, Ireland 
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1. Document Information 

This document presents a review of the VETO 2000 software package and it’s 
suitability for modification by Bentley Systems.  
 
It is not intended as a replacement for any system or user documentation supplied 
with the system, nor does it constitute any offer to support, maintain, or otherwise 
promote the use of this system. 

 

1.1 Document History 
 

Version Date Author Notes 

1.0 11th June, 2004 Iain McLeman 1st Edition. 
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2. Background 

The VETO package has been used successfully in Sweden for many years to assess 
the environmental impact of road designs. 

 
As part of the EU SAVE Project, Bentley Systems have been asked to conduct a 
review of the VETO 2000 source code to assess the viability of making changes to 
this code. 

 
VETO is owned by the Swedish National Road and Transport Research Institute and 
has been in use since 1985. The original system was written in Fortran, and a Visual 
Basic graphical user interface has been added more recently. 
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3. Package Contents 

3.1 Media Received 
Disk titled “VETO Source”, dated 14th April, 2004 

Disk titled “VETO Data Files”, dated 15th April, 2004 

Disk titled “Windows XP VETO Install”, dated 14th April, 2004 

Documentation 

Printed VETO 2000 User Manual, Draft dated 13th April, 2004 
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4. Source Code Details 

The software is written in a combination of Fortran and Visual Basic code 

4.1 Metrics 

4.1.1 Fortran 

 
21 Source files, 34 Common Blocks 
 
Files: 30 
Lines: 12963 
Blank Lines: 945 
Code Lines: 8691 
Comment Lines: 3638 
Declarative Statements: 873 
Executable Statements: 7531 
Ratio Comment/Code: 0.42 
 

4.1.2 Visual Basic 

Source Files 25 
Forms 24 
Binary Property Files 9 
Control Libraries 4 
Logical Lines of Code 1995 
Logical Lines of Comment 132 
Total Lines of White Space 479 
Average Procedure Size 14 Lines 
Average File Size 80 Lines 

 

4.2 Review 

4.2.1 Fortran 

The Fortran code appears well written, modular, and well commented; the comment 
level is confirmed by the above metrics which show a respectable code to comment 
ratio of 1 comment per 2.5 lines of code.  

The code is broken down into reasonable modules and there does not appear to be 
excessive interdependencies.  

As with most Fortran programs there are some common blocks containing global 
data although the use of these is not excessive. 
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4.2.2 Visual Basic 

This VB 5 code is modular and well laid out with reasonable low complexity metrics. 
The procedures and files are kept short and focused with an average procedure 
length of 14 lines. 

Meaningful comments are relatively sparse, with an average of 1.6 comment lines 
per procedure, but as the routines are relatively short, this is not a major issue. The 
comments and variable names are in English. 

4.3 Issues 

4.3.1 Fortran 

Some of the higher-level routines have comments and variable names in English, 
however the bulk of the source files all have Swedish comments and variable names. 
This makes it extremely difficult to understand the code. 

4.3.2 Visual Basic 

The comments are noticeably sparse, but the short procedures and low complexity 
levels mean this is not a major issue. 
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5. Documentation Details 

There are many different forms of software documentation, these fall into the 
following broad categories:  

• User Documentation – User Manuals, Functional Specification, 
Installation & Administration Guides. 

• Code Documentation – Description of the modules & how they work, 
designed for software maintainers. This may be generated 
automatically from the source code. 

• Design Documentation – How and why the modules work together. 

• Data Model Documentation – Description of the data model, and data 
stores used by the system, this could include a logical data model 
describing the entity concepts as well as the physical model which 
describes their implementation. 

 
These do not have to be discrete documents, in smaller projects the information may 
be combined, but all of the documentation should exist in some form. 

5.1 Documentation Received 
 
VETO 2000 User Manual, 21 Pages 
This manual contains screen captures of the VETO dialogs along with brief 
descriptions of their use. A diagram of the VETO data structure is given in Appendix 
1 showing the key entity names, and their relationships  

The manual is in English. 

5.2 Review 
The manual provides an overview of how to use the system, it does this reasonably 
well although several sections are incomplete in the version used. 

The data structure diagram is useful and does meet some of the requirements for the 
Data Model Documentation described above. 

5.3 Issues 
Whilst we have some user documentation and a diagram showing some of the data 
model, there is no documentation describing the code, or the overall system design. 
The Data Model diagram does not show detail of the relationships or attributes of the 
entities. 

A document entitled “VETO – a computer program for the calculation of transport 
costs as a function of road standard” (VTI meddelande 501. Linköping. 1987) is 
referenced as a “more detailed program document”. This document is in Swedish 
and was not available for review. 
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6. Conclusions and Recommendation 

The Visual Basic 5 code is well structured and could be modified to some degree by 
a qualified VB programmer. However the interface to the older Fortran code is not 
documented and is far less obvious so significant changes would need detailed 
English language documentation of the Fortran that is not available. 

The Fortran code appears well designed and laid out, however the lack of any 
English language documentation, and the fact that most comments and variable 
names are in Swedish means that it would be very difficult, and expensive for Bentley 
Systems to make any modifications to this code at all. 

In summary, I do not believe that this code should be modified by anyone who is not 
a Swedish language speaking Fortran programmer. Even then, we would need to 
assess the level of Swedish language programmers’ documentation that is available. 
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2. Document Information 

This document presents proposals for integrating different programs of the 
measurement of energy usage into road design and their suitability for integration 
with the required software deliverable for the ECD SAVE Project of a tool to 
incorporate energy measurement into existing Bentley Road Design Software.  
 
It is not intended as a replacement for any system or user documentation supplied 
with those systems, nor does it constitute any offer to support, maintain, or otherwise 
promote the use of those systems. 

 

2.1 Document History 
 

Version Date Author Notes 

1.0 28th June, 2004 Jaap de Boer 1st Edition, DRAFT 
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3. Associated Documents 

Number Date Author Description 

1.0 March 2004 CDV, Czech Republic Preliminary evaluation HDM 
Programme 

2.0 May 2004 CDV, Czech Republic Preliminary evaluation CMEM 
Programme. 

3.0 11th June 2004 I. McLeman (Bentley) VETO 2000 Software Audit Report 

4.0 -- J. de Boer (Bentley) Functional description SAVE 
programme, draft version 0.1.1 

5.0 -- -- Consortium agreement (Draft) contract 
no. SAVE no.4.1031/Z/02-091 

6.0 -- -- Work programme and budget 
estimation ref. S07.25466 
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4. Background 

The SAVE project partners have carried out assessment studies of available 
products for calculating vehicle energy consumption. Products audited are: 

1. The VETO package: VETO is owned by the Swedish National Road 
and Transport Research Institute and has been in use since 1985.  

2. The HDM Programme: The Highway Development and Management 
(HDM-4) system represents a powerful-system for the analysis of road 
management and investment alternatives owned by the World Bank. 

3. The CMEM Model: The Comprehensive Modal Emissions Model 
owned by the University of California, Riverside. 

 

The assessment studies for these particular software modules have been carried out 
by the Transport Research Centre (CDV) – Czech Republic, University College 
Dublin (Department of Mechanical Engineering) and Bentley Systems as part of the 
European Union SAVE programme (IERD). 
 
These are stand alone products which produce energy parameters for a number of 
vehicle types driven in various circumstances.  
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5. Requirements Notes & Issues  

1. Each of the reviewed programmes has issue with their use within the 
project. These vary from being written in Swedish to having licence 
restrictions. 

2. It is not the purpose of this project to deliver software that delivers energy 
consumption parameters for differing vehicles. 

3. It is not proposed that these programmes be rewritten or directly 
integrated into our deliverable solution. 

4. From the different reports it seems that the HDM-4 programme would be 
the most suitable software to be integrated for the purposes of the IERD 
project. 

5. However to make sure that the final SAVE program will be widely adopted 
by all future users in the European Community we must make sure that 
the program is going to be widely acceptable and there for not only 
supporting one system. For example the Nordic countries are commonly 
using VETO for the purposes mentioned and we must make sure that this 
will be supported also. 

6. We require a solution that can use parameters from each of the 
programmes. 
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6. Recommendations & Proposals 

6.1 Standardised Output Approach 
As long as all different assessed programmes supplies a standard output format in 
the reporting tools, Bentley Systems recommends only the output-reports to be 
integrated in the final SAVE program.  
 
 
 
 

 

 

 

 
 
By using the different output-reports from the available systems, we can gather only 
the information we need and convert the information to an industry-standard format 
(like XML). We then have some advantages: 

1. Supports the different business processes without distorting it 
2. Maximises the re-use of all data 
3. Complements existing systems and processes 
4. Open and scalable for integration with other systems in the future 
5. Minimal risk 
6. Low cost and rapid deployment 
7. Non-proprietary, so future proof  
 

 

6.2 Standardised XML Schema 
It is proposed that the project develops a list of standard parameters for exchange 
into the road design software, drawing on knowledge of the partners and the existing 
programme outputs. 
 
A standard XML Schema for data exchange is then developed based on the above 
standard parameters. This will provide an open method of data interchange and allow 
for future improve energy consumption software to be integrated. 

6.3 XML 

XML is a markup language for documents containing structured information. 

HDM-4 VETO CMEM 

SAVE 

XML 
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Structured information contains both content (words, pictures, etc.) and some 
indication of what role that content plays (for example, content in a section heading 
has a different meaning from content in a footnote, which means something different 
than content in a figure caption or content in a database table, etc.). Almost all 
documents have some structure. 

A markup language is a mechanism to identify structures in a document. The XML 
specification defines a standard way to add markup to documents. 
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Abstract 
This Functional description for SAVE Programme gives information about a add-on application for MX to integrate the 
measurement of energy usage into road design. 
 
Contact Information 
If you cannot find information in this document, you can contact our Help Desk or your local Bentley representative. 
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Reader's Comments 
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documentation. 
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1. About This Document 
This functional description gives information about the development of a software 
programme on top of MX to integrate the measurement of energy usage in road 
design.  
The contents are a first outcome of the first meeting (19th – 21st January 2004) with 
all parties. 
 
1.1 Intended Audience 
This document is intended for the Commission of the European Communities 
involved in the process of developing the solution and for Bentley Professional 
Services personnel. 
 
1.2 Organization 
This document is organized as follows: 
 
Chapter  Contents 
Chapter 1  Describes the purpose of the document. It also explains the 

terminology and typographic conventions used in the document. 
A list of related documents can also be found in this chapter. 

Chapter 2 Describes the system overview. 
Chapter 3  Describes the system functionality. 
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1.3 Typographic Conventions 
Convention   Description 
Italics Italicized Text is used to call attention to cross-references. 
Bold    Note Important notes are written in bold. 
 
1.4 Terms and Concepts 
The following abbreviations, terms and concepts are used in the document: 
 
1.4.1 Abbreviations 
Abbreviation  Meaning, definition 
BSF    Bentley Solutions Framework 
MoSCoW   Must have, Should have, Could have and Would have 
 
1.4.2 Terminology 
Term, Concept  Meaning, definition 
MoSCoW   MoSCoW is a principle to identify a series of prioritized 

requirements based on Must have, Should have, Could have 
and Would have. 

 
1.5 Related Documentation 
The following list comprises all documents referred to herein. It also lists documents 
which provide additional information about this topic: 
#    Document, description 
1  Consortium Agreement – (Draft) Contract No. SAVE 

No.4.1031/Z/02-091 under the E.U. SAVE Programme 
2      Work Programme and budget estimation ref. S07.25466 
 
2 System Overview 
The objective of this system is to facilitate and encourage road design engineers to 
consider energy implications when they are designing new roads and/or realigning 
existing roads. The system will allow the use of energy in road construction to be 
reduced by quantifying what energy is used identifying potential energy efficiencies 
and will also look at the projection of energy usage by vehicles using the road. 
The architecture will be described in functional and non-functional requirements, 
which will be prioritised using the MoSCoW principle. 
This section only describes the minimum requirements for building a possible first 
prototype of the software. 
 
2.1 Functional requirements 
 
2.1.1 General 

• Able to run on stand alone or networked PC in conjunction with the latest 
version off Bentley MX (M); 

 
2.1.2 SAVE Details 

• Input: 
- Ground model (DTM) or possibility to add level information along  
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alignment (M); 
- Geological strata below DTM for quantity calculation on cutting  

different materials (M); 
- (Quick) Alignment design, horizontal and vertical (M); 
- Detailed cross-section design (template) including material 

definition (M); 
- Adding attribute data along alignment segments like traffic-numbers 

(Intensity), design speed, percentage of freight traffic, 
congestion probability, etc. (M); 

- Tool for modelling traffic operation so calculations can be carried 
out on different traffic-intensities along the road and the energy 
usage of vehicles; 

 - Junction Information. 
 

• Output / Analyses: 
 

- Quantities of all materials during construction (M); 
- Quantification of usage of energy (M); 
- Projection of energy usages by vehicles using the road (M). 

 
• Database: 
 

- General tables with required information on materials, vehicles, machines 
and maintenance with the related energy information which enables the 
programme to analyse energy usage. 

 
 
2.2 Non functional requirements 
 
2.2.1 Delivery platform 

• Operating system and system specifications will be based on information 
collected from all the partners. An excel spreadsheet is delivered with this draft 
document. This is to inform Bentley about the latest information regarding the 
platform used within each partner organisation; 

• Base PC with following specs: 
- Min. 800 MHz processor (M); 
- Min. 256 Mb of RAM (M); 

 - Graphics card with support of Open GL and 800x600 resolution (M). 
 
2.3 Issues 

• The use of the World Bank HDM programme was mentioned as a possible tool 
for modelling traffic operation. Other packages were also mentioned, like a 
package of one of the partners VTI. As part of work package 1.5 a review of 
available software would be carried out. This software would have to be 
incorporated with MX and therefore an API must be available. 

• All (common) energy figures will become available during work package 1.4.  
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3 System Functionality 
The main functions of the system will be described in this section. This section only 
describes the minimum requirements for building a first prototype of the software. 
 
3.1 Functional Description 

 
• The user is able to import a ground model using common MX technology like 

ASCII – import (XYZ) or GENIO (General Input and Output). If no DTM is 
available the user can add level-information manually along the proposed 
alignment; 

• Geological strata can be generated so for each different geological surface 
layer a different MX model will be created. Input of the information can be 
manually or by using import-functionalities. Before using import functionalities 
a common import format must be agreed; 

• The user can define detailed cross sections for a definition on all materials 
used during construction of the road. Therefore a cross section editor must be 
developed; 

• After definition of the cross sections the user is able to apply these cross 
section(s) along segments of the proposed alignment. Cut and fill quantity 
calculation can be done by multiplying area’s in the cross section with the 
length of the segment; 

• User is able to add different attribute data to the alignment segments like 
traffic intensity, percentage of freight traffic, design speed all necessary for 
analysing energy on vehicle usage of the road. Investigation has to be done to 
incorporate a tool for modelling traffic operations. 

• “What if” analyses by changing and/or editing properties and recalculate 
quantities and energy usage. 

 
3.2 Technical description 
A number of ideas and techniques are discussed in this chapter. 
 
3.2.1 Cross section editor 
The user must be able to specify details such as different materials, white lines, width 
of each lane, type of lanes, slopes etc. for each segment in the road. This could be 
done using cross sections.  
 
Cross sections should only be used for ‘linear’ features. It should be possible to apply 
different cross sections for different segments along the proposed alignment.  
 
Some research could be done in later stages of this project to see if this technique is 
feasible. 
 
 
3.2.2 In-graphic parameter editing 
There are two standard methods of entering and changing values and parameters: 
1. Enter values manually in a text input field in a properties window. 
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2. Interactively dynamically (‘drag and drop’) modify graphical elements, although it 
needs careful consideration if this feature can be enabled for every parameter.  
 
3.2.3 Alignment segmentation 
To enable the user to apply cross sections and attribute data towards the alignment, 
the alignment must be ‘cookie-cutted’ in different segments. The only way of 
managing this is to create intelligent linear network model. 
The Unified Network Model approach is a ‘virtual’ database, based on a matrix or 
array of databases holding original data (for example energy figures for each 
material) in its original format but also information on input of the user (e.g. cross 
section information, traffic intensities, design speed, etc.), invisible to the user. When 
required, selected data is automatically queried and drawn or reported from the 
appropriate sources in the ‘virtual’ database. 
Middleware – an intermediate layer of software – ‘registers’ this data spatially against 
a linear network model to ensure interoperability. 
The data is delivered either as refined information in a decision-ready format, or as 
raw data for a secondary analysis program. 
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1. INTRODUCTION 

1.1 Introduction 
The project entitled ‘Integration of the Measurement of Energy Usage into 
Road Design’, which forms part of the European Union SAVE Programme, 
aims to facilitate road design engineers in assessing all of the energy 
implications when they are designing new roads.  

1.2 Project Objectives 
The expected results of this project are to reduce the energy used in the 
construction of roads and also the energy used by vehicles using the roads. It 
will also reduce emissions, as it will allow energy efficient driving which means 
that the new energy efficient vehicles engines will be used at the maximum 
efficiency. The end result of this project will be produced as a piece of 
software that can be added on to the software tools currently used in road 
design in over 70 countries. This will facilitate the road engineers to 
automatically evaluate the energy implications of their road designs. This 
software tool will be disseminated to the road design engineers and the 
National Road Authorities. 

1.3 Description 
A software tool, which can be added to MX, will be developed.  A life cycle 
energy analysis of road transportation will be undertaken and final energy 
calculations will be provided. 
This software will allow for quantification of the energy implications of road 
construction and road operations, with a view to identifying potential energy 
efficiencies. 

1.4 Project Scope 
The direct outcomes of the project are listed below: 

1. Evaluation of the potential energy used in construction of the 
various road route options. 

2. Evaluation of any difference in energy usage in the road design 
practice between participating countries. 

3. Evaluation of possible energy conservation in the final design of 
each route. 

4. Design of the final route in each country to facilitate energy efficient 
driving. 

5. Estimate the potential energy saving for each route. 
6. Design a software tool to add to the existing software tool for road 

design to allow road engineers to replicate this design on new roads 
or re-aligned existing roads in the EU and EE and the rest of the 
world where MXROAD is used. 
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1.5 Document History 

Issue Date Author Changes from Previous 
0.1 15-nov-2004 

J. de Boer 
First Outline Issue 

0.2 17-dec-2004 
J. de Boer 

Process internal comments 

1.0 7-mar-2005 J. de Boer Process external comments 

1.6 Anticipated Changes 

This working draft has been accelerated to fit in with the availability of 
reviewers within the agreed period of delivery. It can be expected that in the 
next phase of the development some functions will be seen as “optional” and 
therefore not developed.  

1.7 References 

[1]   040810 ECD001-SAVE Project - Project Definition v.0.2 

[2] SAVE No.4.1031/Z/02-091 (SinCom ref S07.25466) 
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2. BACKGROUND 

The SAVE Plugin is used by designers to allow quantification of the energy 
implications of road construction and road operations, with a view to identifying 
potential energy efficiencies. 

2.1 Constraints 

The foreseen development project for the building of the SAVE Plugin, 
will/could be influenced by next issues/constraints (as these are known, 
today): 

1. Road projects not designed in MX and have to be re-designed in MX 
2. Late delivery of different reports by associated workgroups which could 

delay development add-in software 
3. Integration of a computer program for calculation of transport costs as a 

function of road standard (VETO, HDM, CMEM). 
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3. Overview 

3.1 User Types 

Two types of user have been identified: 

1. Data Maintainer 

This user will be responsible for entering and maintaining background data in 
the computer program for calculation of transport costs as a function of road 
standard (VETO, HDM, CMEM). Once the initial data configuration is 
complete, these actions will become less common.  

2. Designer 

This user has access to all the system functionality. This user is assumed to 
have a detailed knowledge of the design process.  

This system is primarily designed to assist this user in doing his job. 

The SAVE Plugin does not have a validation mechanism to distinguish user 
types at logon, in other words, everybody starting the SAVE Plugin will have 
all rights. 

3.2 User Interface 

The system will present a Microsoft Windows style interface that is also 
consistent with other Bentley Products. The screenshots included in this 
document use Windows 2000 style controls; however this does not preclude 
the use of Windows XP style controls in the final implementation. 

All functionality can be accessed via a toolbar at the top of the screen. Some 
functionality may also be available through icon-based toolbars. 

3.3 Other Interfaces 

It will be necessary to exchange data with a database. To facilitate this, the 
system will be capable of using Bentley Data Management technology.  

The Bentley Data Management approach is a ‘virtual’ database, based on a 
matrix or array of databases holding original data (for example energy figures 
for each material) in its original format but also information on input off the 
user (e.g. cross section information, traffic intensities, design speed, etc.), 
invisible to the user.  When required, selected data is automatically queried 
and drawn or reported from the appropriate sources in the ‘virtual’ database. 
  
Middleware - an intermediate layer of software - ‘registers’ this data spatially 
against a linear network model to ensure interoperability. 
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3.4 System Integration 

SAVE Plugin will be integrated with Bentley MX(ROAD) 2004 Edition and will 
use Bentley MX for graphical data output, selection and display.  It is intended 
that during development only Bentley MX(ROAD) 2004 Edition will be used. 
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4. FUNCTIONAL GROUPING 

4.1 Tasks Groupings 

The tasks are grouped into seven functional areas that are each shown on the 
menu-bar. These groups are: 

Pre-
Processing 

Tasks necessary before creation of a project 

Project Tasks that affect the whole project, such as create, open or close 

GeoData Load geological for the project 

Design Create quick design of proposed road 

Analysis Calculate volumes of different materials 

Reports Supports the creation of standard reports 

Help Provides assistance to users of the system 

 

Each of these areas is described in the following sections. 

 Pre-
Processing 

Project GeoData Design Analysis Reports Help 

Template 
Database New Import DTM Alignment Quantities Construction SAVE Help 

 Open 
Create 
Geological 
strata 

Roaddesign Lifecycle Lifecycle About SAVE 

 Close  Pavement and 
Subgrade    

 Save  Structures    

 Project 
Settings  Junctions    

 Exit  Attribute Data    
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5. Pre-Processing Tasks 

5.1 Template Database 

5.1.1 Description 
Before starting a new project the user is able to pre-process general 
information into a common template database. This database can be used for 
all new design projects: 

1. Material: define type of material used in the project. Material definitions will 
be used during definition of cross-sections, volume calculations and 
reports; 

2. Energy: define energy figures based on type of materials. 

3. Attribute Data: store all relevant data processed during design of the 
project 

5.1.2 User interface 
The database is accessed by the standard database functionalities. Microsoft 
Access database will be used.  
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6. Project Tasks 

Project contains tasks related to the project “housekeeping”. These tasks support 
the creation, saving and setup of projects. 

6.1 Project -> New 

6.1.1 Description 
Allows a new project to be created and opened. The name of the file to which 
the project will be saved must be specified.  

6.1.2 User Interface 
This function is accessed directly from MX. This function allows the user to 
setup a project folder where all project data will be saved in a structured way.  

During start-up of the project the SAVE add-in application will be automatically 
launched. 

6.2 Project -> Open 

6.2.1 Description 
Allows an existing project to be selected and opened.  If a project is already 
open with unsaved changes, the user will be prompted to save the changes, 
discard them, or cancel the “open” operation. 

6.2.2 User Interface 
This function is accessed directly from MX. 

6.3 Project -> Close  

6.3.1 Description 
Allows the current project to be closed without exiting the system. If the open 
project has unsaved changes, the user will be prompted to save the changes, 
discard them, or cancel the “close” operation. 

6.3.2 User Interface 
This function is accessed directly from MX.  

6.4 Project -> Save 

6.4.1 Description 
Allows any changes to the current project to be saved to the project file. The 
project file will remain open after the operation. 

6.4.2 User Interface 
A standard windows file save control will be used. This function is accessed 
directly from MX. 
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6.5 Project -> Application Settings 

6.5.1 Description 
The application settings tasks allow the designer to view, or modify 
parameters that will apply to the project as a whole.  

6.5.2 User Interface 
The settings are grouped into tabs as shown in the following sections. 

 
1. Common settings 

 

 

 SAVE - Application Settings

Settings Tooltip

...

Project Database

...

Drawings

...

Reports

CancelOK

 
 

Settings such as default project-database folder, folder to store project 
drawings and reports must be set for the project.  
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2. Tooltip Settings 

 

 SAVE - Application Settings

Settings Tooltip

CancelOK

Show Tooltip

Tooltip Settings

 
 

The user will be able to use a tooltip to show information regarding the design. 
The user is able to set the following parameters: 

- Point 

- X,Y,Z 

- Chainage 

- Cross-section 

- Speed 

- Intensity 

All information required to be shown in the tooltip has to be available in the 
project database. 

When two objects are close to each other the tooltip will indicate information of 
both objects separated by an empty line. 

 

6.6 Project -> Exit 

This will exit the SAVE plugin and the associated Bentley MX system. If there 
are unsaved changes, the user will be prompted to save the changes, discard 
them, or cancel the “close” operation. 

6.6.1 User Interface 
This function is accessed directly from MX. 
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7. GeoData Tasks 

These tools allow the user to import relevant information related to the design. 

7.1 GeoData -> Import DTM 

7.1.1 Description 
The user is able to import an existing ground model using common MX 
technology like ASCII – import (XYZ) or GENIO (General Input and Output).  

Extra functionality will be developed to be able to create a ‘dummy DTM’ if no 
ASCII or GENIO file is available. 

The user can use the interactive editing routines in the Bentley MX system for 
presentation and analysis purposes. 

7.1.2 User Interface 
The functions are accessed directly from the SAVE add-in in MX. 

To be able to create a ‘dummy DTM’ the following user interface will be 
developed. 

SAVE - DTM

Apply

Close

Format

1 point + rectangle

2 points

X

Y

Z

Point 1

X

Y

Z

Point 2

Rectangle

Length Width

 

User is allowed to define a ‘dummy DTM’ either by 2 points or 1 points and 
rectangle. When defined by 2 points a rectangle area will be calculated based 
on the perpendiculars. 
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7.2 Design -> Create Geological Strata 

7.2.1 Description 
Geological strata are needed to define different layers of material in the sub-
soil. Based on the design of a horizontal alignment (par. 8.1) a long section will 
be generated from the DTM. The schematics of the horizontal alignment will 
be displayed and the user is able to define sub soil-layers by adding point data 
(chainage, level). In cross-section direction the level-values will remain the 
same. 

A maximum of 3 sub-soil layers can be defined: 

� Type A Material. Requires excavation only. This would apply to clays, 
boulder clays, sands, gravels, silts and very weathered rock. 

� Type B Material. Requires ripping before excavation. This would apply to 
very hard and compact overburden (clays etc), weathered rock, broken or 
thinly bedded rocks. 

� Type C material. Requires blasting before excavation. This would apply to 
hard rock of any type. 

 

7.2.2 User Interface 
This tool allows the user to create (sub)soil data to include into the design. 

(Sub) Soil 

SAVE - Geological Strata

Long Section View

Type A

OK

Cancel

(Sub)Soil

Add

Modify

Dock
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This pulldown menu enables the user to select a (sub) soil to define: DTM, 
Type A, Type B or Type C. 

Add button 

The Add button enables the user to specify graphically the chainage and level 
data into the drawing by selecting the appropriate points.  

Modify button 

The Modify button opens a second dialog which displays all the point data of 
the active (sub) soil in the pulldown (see picture below). Within this dialog the 
user can modify the point data. 

Dock button 

The dock button will dock the window in the MX window. 

Cancel button 

The cancel button dismisses the form without saving the information. 

OK button 

The cancel button dismisses the form and save the information. 

SAVE - Modify Geological Strata

Point LevelChainage

Settings

Apply CloseDelete

1              0                                      -2.5

2              50                                    -3.1

Type A(Sub) Soil

3              100                                  -2.75

4              150                                  -2.95

 

Delete button 

The delete button will delete a selected row. 

Apply button 

The apply button will update the design 

Close button 

The close button dismisses the form. 

7.2.3 Post condition 
Only if geological strata are available all excavation quantities can be 
analysed. If not available, excavation quantities will only reflect Type A 
material. 
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8. Design Tasks 

These tasks support the design of the road.  

8.1 Design -> Alignment 

8.1.1 Description 
An alignment is a line defining the route of a road expressed in geometric 
elements that conform to acceptable standards of safety and comfort. The 
user is able to design an alignment horizontally and vertically. Common 
MXROAD Quick Alignment functions will be used. 

8.1.2 User Interface 

Horizontal Alignment 

This option enables you to create horizontal alignments using dynamic 
Intersection Point (IP) placement and manipulation. You access these 
functions via the Horizontal Design toolbar, which is displayed when you 
invoke this option. 

 

The following layout functions are available: 

� Add IP - adds an IP to an alignment.  
� Move IP - dynamically moves an IP to a new location, either in free space or 

along a tangent bearing.  
� Insert IP - inserts an IP between existing IPs  
� Remove IP - select a point near the IP to be removed.  

Other features enable you to: 

� Edit curves  
� View details of the currently selected curve  
� Draw clearance lines and circles  
� Amend the design parameters  
� Delete a whole alignment  
� Snap IPs to a point  
� Alter the position of a finished alignment  
� Undo up to 20 previous actions.  
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Vertical Alignment 

This function enables the user to create vertical alignments using dynamic IP 
placement and manipulation. The backcloth which you use as a guide when 
designing the profile is the vertical profile of the same horizontal alignment taken 
through a ground model. If this vertical profile of the existing ground is not available 
the user can manually create one by Design > Create Geological Strata. 

The system will indicate this. 

The user will design the vertical profile on a separate drawing in the MX frame. 

 
 

This toolbar allows you to create a vertical profile quickly and easily using dynamic IP 
placement and manipulation. 

IPs are denoted by a green marker, while a red marker is used to denote flat points. 

Description of icons 

Use the following options to create or amend a vertical profile.  

� Reset Origin - repositions the profile on the drawing (CAD environments only). 
� Show Details - displays information at the bottom of the toolbar. 
� Parameters - sets up default values for the curves you create. 
� Show Curve Details - displays the parameters of the curve under the cursor. 
� Delete Profile - deletes the entire profile. 
� Profile Surface Details - adds profiles to the drawing taken through selected 

models. 
� Snap to Surface - defines the surface to which IPs are to be snapped when 

snap is on. By default, this is the existing ground surface. 
� Snap On/Off - toggles IP snapping on or off so that when you add or insert an 

IP, it snaps to a point on the snap surface which is vertically above or below 
the position you select. 

� Snap to Point - toggles IP snapping on or off so that when you add or insert an 
IP, it snaps to the nearest string point on the snap surface. 

� Lock Start/End IPs - forces the first and/or last IPs to be locked to the start 
and/or end of the alignment. 

� Table View - manipulates IPs using a table editor. 
� Add IP - select a point on the display to create a IP. Alternatively, hold down 

the left mouse button to dynamically locate a IP and associated tangent. 
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Curves (of default radius and transition length) are automatically inserted 
between each pair of tangents as IPs are progressively added. 

� Insert IP - select a point where the new IP is to be inserted into the profile. 
Default curve data is used. 

� Delete IP - select a point near the IP to be removed. 
� Move IP - select a point near the IP to be moved and hold down the left mouse 

button. Drag the IP to the required location. Alternatively, click on the display 
and the nearest IP is moved to that location. The movement of the IP may be 
restricted by one of the Move modes; Slide on Grade, Move Z or Move X. 

� Slide on Grade - restricts movement in Move IP mode to sliding on the grade. 
� Move Z (Bounce) - restricts movement in Move IP mode to the Z direction. 
� Move X (Skid) - restricts movement in Move IP mode to the X direction. 
� Fit VC Through Point - forces the vertical profile to pass through a specified 

point. 
� Set Gradients - defines the gradients to be used on either side of a selected 

curve. 
� Edit IP Details - edits the parameters of a curve. 
� Undo - undoes the previous operation. 
� Cancel - exits the Quick Profile option without saving any changes or updating 

the master string. 
� OK - exits the Quick Profile option and updates the master string with the new 

levels. 

Other features 

Under the icons, there are several fields which are used for reporting information as 
follows: 

� XZ: reports the current cursor coordinates.  
� Colour: displays the colour of the current snap surface. This is the surface to 

which IPs are snapped when they are added or moved.  
� Grade: reports the gradient of the element nearest the cursor.  
� Cut, Fill: reports the overall cut and fill between the profile and the existing 

surface.  
� Difference: reports the level difference between the profile and the existing 

surface at the cursor position.  
� Vertical Exaggeration: shows the current vertical exaggeration. To change this 

value, use the spinners. 
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8.2 Design -> Roaddesign 

8.2.1 Description 

Road Design is a standard MXROAD wizard that takes you through the 
process of designing a road from an existing master string. It is used in two 
applications:  

• Carriageways  
• Kerbs, Verges and Footways. 

This option uses a model-/stringnaming convention. The convention on model-
/stringnames will be open, so each country in EC can implement its own 
standard.  

Automatic recognition of strings is necessary to be able to detect MX-strings in 
the design and combine these with the ‘pavement and sub-grade template’ in 
order to calculate quantities. 

 

Carriageways 

Carriageways create a road surface using a standard template or one you 
have customized yourself. The templates contain all the details of the road 
surface, including the carriageway width and crossfall or vertical offset to the 
carriageway edge strings. There are standard templates for many different 
types of carriageway, including single roads, with a single lane either side, and 
dual carriageways with two or three lanes. 

Carriageway templates may include shoulders, which then allow you to apply 
superelevation to both the carriageway and shoulder in one operation.  

The process you follow through the Wizard is as follows: 

• Specify the model and reference string along which you wish to create 
the carriageway.  

• Select the template to be applied along the carriageway.  
• Check the template design details and modify them if required.  
• Specify the start and end of the carriageway design.  
• Create the carriageway strings (including a centre line level string).  
• Repeat the operation with another template.  

If you change templates along the master string, you can choose to join the 
equivalent strings in the two portions of carriageway automatically. The 
carriageway strings are joined either linearly or with a reverse curve, both 
horizontally and vertically. If you include a central reserve in one carriageway 
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but not the other, you may need to modify the centre line level string to include 
a vertical step at the correct position. 

Kerbs, Verges and Footways 

Kerbs, Verges and Footways is similar in operation to Carriageways, except 
that a different set of templates is used to create the required strings. You can 
choose to apply the templates on either the left of the carriageway, the right of 
the carriageway or both sides. 

Normally, you would use this option after you have applied any superelevation 
and after you have done any junction design. This is so that any kerbs, verges 
or footways you create maintain the correct level relative to the rest of the 
carriageway. 

 

8.2.2 User Interface 
This function is accessed directly from MX. 

 

8.2.3 Post Condition 
User is only able to design the road construction after completing the design of 
an alignment.  

Roaddesign will automatically generate 3D strings in the MX model based on 
a model- and stringnaming convention. Stringlabels will automatically be 
recognized by the system to be able to add different parts of the design to it, 
like earthworks and pavement/subgrade details. 

 

8.3 Design -> Pavement and Subgrade  

8.3.1 Description 

Pavement and Subgrade Design is a standard MXROAD wizard which allows 
you to create pavement layers and the subgrade for a carriageway. You can 
also produce working drawings of the cross sections, which show the 
pavement construction in detail, and calculate volumes between the different 
construction surfaces and the existing ground. 

8.3.2 User Interface 

This function is accessed directly from MXROAD. A full description is made off 
the functionality in the wizard. 

Pavement Layer Design 
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Pavement layers are created from pavement styles, which define the physical 
details of each layer and, optionally, include a layer description, billing 
number, conversion factor to tonnes, and cost per unit. 

Subgrade Design 
This option creates a subgrade for your selected carriageway. It is a MXROAD 
Wizard with two panels; Design Settings and Design Processing. 
The process you follow through the Wizard is described in the following 
paragraphs: 
 
Design Settings 

 
 

Carriageway 
From the Carriageway tab, you define the subgrade areas you require along 
the length of the carriageway by specifying the start and end chainages of 
each area, together with the method to be used for calculating the subgrade. 
These are: 

• Normal  
• Follows  
• Automatic Single Carriageway  
• Automatic Dual Carriageway  

 
With Normal, three control points are used to define the shape of the 
subgrade. Specify left, centre and right control limit strings to determine the 
extents and centre of the subgrade, then specify the subgrade depths and 
offsets from these control points.  
With Follows, the shape of the subgrade matches that of the design surface. 
Specify left and right control limit strings to determine the extents of the 
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subgrade. Specify the subgrade depth to define the depth of the subgrade 
from the design surface. 
 
With Automatic Single Carriageway, the shape of the subgrade depends upon 
the superelevation and is defined by the specified automatic crossfall value 
(C) according to the following table: 

 
Carriageway crossfall Depth measured from Subgrade crossfall 
<=0% Centre limit string -C% from centre limit string 
0% to C% Outer limit string +C% from inner limit string 
>C% Centre limit string Same as carriageway crossfall 
 
The carriageway crossfall is measured from the centre line to the outer limit 
string.  
Specify left, centre and right control limit strings to determine the extents of the 
subgrade, and specify the subgrade depth. 
 
With Automatic Dual Carriageway, assuming there is a central reservation, the 
shape of the subgrade depends upon the superelevation and is defined by the 
specified automatic crossfall value (C) according to the following table: 

 
 
Carriageway 
crossfall 

Left depth 
measured from 

Right depth 
measured from Subgrade crossfall 

<=0% Left centre limit 
string 

Right centre limit 
string 

-C% from centre limit 
string 

0% to C% Outer limit string Right centre limit 
string 

+C% from inner limit 
string 

>C% Left centre limit 
string 

Right centre limit 
string 

Same as carriageway 
crossfall 

 
Once you are happy with the area details, click Add Subgrade Details to Area 
List to create a new entry for the area in the top right corner of the panel. If 
you wish to update the details, modify the details and then click Update 
Subgrade Details. 
 
Left / Right Shoulder 
From the Left or Right Shoulder tabs, define the subgrade details for 
shoulders, verges, earthworks etc in the current area as highlighted in the 
area list or subgrade review bar.  
 
You can either specify depth and offset values relative to a control string at a 
single point or you can specify a depth value at many points between left and 
right control strings by selecting Follow Between Limits. In either case, click 
Add Points to add the points as individual entries in the Subgrade Points list. 
To modify or delete an entry, select the entry in the table and click Update 
Point or Remove Point. 
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Additional Depths 
From the Additional Depths tab, to vary the depth across the width of the 
subgrade, select a string at which you wish to define a depth and then specify 
the depth and, optionally, an offset. Alternatively, to define more than one 
depth, select Follow Between Limits followed by left and right control strings. 
In either case, click Add Points to add the points as individual entries in the 
Subgrade Points list. 
To modify or delete an entry, select the entry in the table and click Update 
Point or Remove Point. 
 
Ditches 
From the Ditches tab, you can add a ditch at an offset from the centre limit 
string with a specified width, depth and side slope. 
The side slope is defined for both sides of the ditch simultaneously (i.e. the 
ditch is symmetrical). It is not a gradient but an inward horizontal offset which 
is applied to both sides at the bottom of the ditch. By default, the ditch sides 
are vertical but the maximum slope is achieved when the side slope is half the 
width of the ditch (which gives a V section).  
Click Add Ditch to add the ditch as an entry in the Ditch Points list. 
To modify or delete an entry, select the entry in the table and click Update 
Ditch or Remove Ditch. 
 
Compaction Layers 
From the Compaction Layers tab, you can specify compaction layers. These 
are layers of a nominated thickness which are created parallel to the 
subgrade, and repeated until they intersect with the existing ground. 
You can choose to ignore the left and right shoulders by selecting the 
appropriate box. Depending on how they have been modelled, shoulders can 
cause steps in the subgrade and consequently in the compaction layers, 
which might not be desirable.  
By default, the depth of each compaction layer is the same. If you wish to set 
individual depths, deselect the Constant Depth box and specify a depth for 
each layer by highlighting the layer and specifying a new depth. You can use 
CTRL and SHIFT keys to highlight multiple entries if required. 
 
Slope Intercepts 

From the Slope Intercepts tab, define the cut search distance and the run-out 
slope you require for the left and right sides of the road. 

As an alternative to a cut search distance, you can specify a shallow fill slope. 
This is useful where the subgrade is in cut, but the design surface is in fill as it 
enables you to join the subgrade to the earthworks at a nominated slope. 

Design Processing 

Click Next to generate the subgrade cross sections. Use the Pause/Step 
button to step through each cross section if required, then restart automatic 
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generation by clicking the Run button. Adjust the slider bar to change the 
speed at which the cross sections are displayed. 

You can then click Back followed by Next to re-examine the cross sections if 
required. 

Click Finish to generate the subgrade strings. 
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8.4 Design -> Structures 

8.4.1 Description 
Within the design the following structures must be made available: 

� Bridges up to 10m span (m²) 

� Bridges 10 - 50 span (m²) 

� Bridges > 50 span (m²) 

� Concrete median barriers (m) 

� Retaining Walls (m²) 

� Tunnel (m traffic lanes) 

Concrete median barriers and retaining walls will be part of the road design 
itself and will be implemented during definition of the templates. 

This function will allow the user to define bridges and tunnels in the design of 
the road design. 

8.4.2 User Interface 
 

User will be able to select the type of structure.  

After selection of the reference (alignment) string, start/end chainage and 
left/right offsets from pavement a boundary string will be generated displaying 
the contours of the structure. 

SAVE - Structures

Structure

Bridge Tunnel

Design Model

Reference String

Details

Start
Point

End
Point

Offset
Left

Offset
Right

OK

Apply

Cancel

 

OK button 

The cancel button dismisses the form and save the information. 

Apply button 

The apply button will update the design. 

 

Cancel button 

The cancel button dismisses the form without saving the information. 
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8.4.3 Post condition 
Before generating the structures in the design, the actual road-design must be 
finished. 

8.5 Design -> Junctions 

8.5.1 Description 

The Standard MXROAD Junction Design module is a simplified template-
based junction design package which offers the ability to create both circular 
and three centre curve fillets, and also to regrade fillets, insert traffic islands 
and tidy up junctions by removing through strings. 

When using Junction Design, you must ensure that the pre-requisites defined 
in the on-line help are followed and that a methodical approach to the design 
is taken. The advised order is as found in the menu structure. 

The Junction Design module contains the following options: 

• Create Fillet Wizard provides a simple approach to the process of 
creating a fillet between two roads to ease entry or exit at the junction. 

• Regrade Junction enables the vertical re-design of the junction fillets 
using IP alignment over the localised area using lead in lengths if 
required. 

• Create Traffic Island option enables you to create a triangular-shaped 
traffic island at a junction to a pre-defined style. 

8.5.2 User Interface 
MX(ROAD) is going to have a new junction tool added to the features which is 
currently in development.  Users are now allowed to design junctions and 
roundabouts with default MX functionality and in the future by using the new 
design tool. 

8.5.3 Post Condition 
Alignment design and template design must be finished in order to design the 
junctions. 

 

8.6 Design -> Attribute data 

8.6.1 Description 
This function allows the user to add additional data to the design to be able to 
make appropriate analysis in the VETO program. Two types of data will be 
provided: 

1. Overall data, which is similar to the complete road design: 

a. Vehicle category 
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b. Macro texture of the road (default 1.35; steps 0.01) 

c. Road condition 

2. Sectional data, which is different for certain sections in the road. 

a. Speed (used as desired speed directly; if less then speed limit 
then it overwrites speed-limit) 

b. Speed limit 

c. Traffic Volume 

d. Stop Time (location, direction and length of the stop in seconds 
near junctions) 

e. Super elevation (based on guideline and depending on geometry 
alignment; + indicates that the centre of the road is higher than 
the road edge) 

f. Road width (automatically calculated based on design template; 
together with speed-limit  used in VETO for allot desired speed) 

8.6.2 User Interface 
The user interface will start with the selection of a Model and Alignment for 
reference purposes. 

SAVE  -  Model defaults

Model

Alignment

Reference Model
OK

Cancel

 
The common user interface for this particular function consists out of 3 tabs. 
The first tab will allow the user to define general information for the design. 
The general information consists out of Vehicle category (light vehicles, heavy 
vehicles and heavy vehicles with trailer).  

Heavy vehicle and heavy vehicles with trailer are expressed in percentages 
against total traffic volume (tab 3).  

Road scenario will allow the user to define macro texture and road condition 
(default dry, water and snow). 

Direction: calculated effects for a road description depend on the difference in 
elevation between start and end. By choosing both directions this elevation 
effect is avoided. One can also choose direction 1 or 2. Direction 1 is the 
direction corresponding to the road geometry (alignment). 
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SAVE - Attributedata

OK

Apply

Cancel

Dock

General Speed Volume

Macro Texture [mm]

Road condition Dry

1.35

Vehicle Category

Light Vehicle

Heavy vehicle [%]

Heavy vehicle with trailer [%]

Road scenario

Direction

Upstream

Downstream

Bi-directional

It is assumed that the roads are not affected by age
and that the roads are asphalt roads.

 
OK button 

The cancel button dismisses the form and save the information. 

Apply button 

The apply button will update the design 

Cancel button 

The cancel button dismisses the form without saving the information. 

Dock button 

The dock button will dock the window in the MX window. 

 

SAVE - Attributedata

OK

Apply

Cancel

Dock

General Speed Volume

GRID.OCX
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After selection of corresponding design model and alignment, the user is 
allowed to define road section (start and end chainages), speed, speed-limits 
and stop time (seconds). 

 

 

SAVE - Attributedata

OK

Apply

Cancel

Dock

General Speed Volume

GRID.OCX

 
 

In tab 3 ‘Volume’ the user is allowed to define overall traffic volumes. 
Depending on the selection of direction (tab 1 General) he/she is able to 
define volumes for direction upstream, volumes for direction downstream or 
volumes for both directions (bi-directional). 

The volumes will be entered according to road sections which are 
automatically processed depending on the different cross-section definitions 
(par. 8.2). 

Also road-width and superelevation will be processed automatically in this 
function. Road-width is depending on cross-sections and superelevation on 
guidelines (guideline will be a database-table which has superelevation values 
described against curve-radius). 
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9. Analyses Tasks  

These tasks support analyses of the road to be able to generate appropriate reports 
on energy efficiency. 

9.1 Analyses -> Quantities 

9.1.1 Description 
Based on the finished design the user is able to calculate all quantities of 
materials according to appendix A. Generally the quantities will be calculated 
based on a cross-section method where different areas are calculated for 
different materials which will be multiplied with the distance between the 
sections.  

9.1.2 User Interface 
No specific user interface will be used. After the analyses are finished a report 
will be displayed using MS-Access report functionality. 

9.1.3 Post Condition 
Complete design must be finished. 

9.2 Analyses -> Lifecycle 

9.2.1 Description 
Based on all design-geometry and attribute data input files will be generated 
which then will be processed in batch through VETO. The results from VETO 
will be captured and stored in a MS-Access database from where a report will 
show the results. 

A VETO-version is already developed by VTI which can start in command-
mode, i.e. you start only the Fortran part of VETO with input-files in a 
command-line. 
(Example: c:\veto_batch\veto2000 MAN_19403 no MAN_19403 MAN_19403 
MAN_19403 testvag test lastbil) 

9.2.2 User Interface 
No specific user interface will be used. After the analyses are finished a report 
will be displayed using MS-Access report functionality. 

9.2.3 Post Condition 
Complete design must be finished and all attribute data must be entered. 
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10. Report Tasks  

10.1 Report -> Construction 

10.1.1 Description 
All earlier processed analyses are captured in the database. Then user is 
allowed to report these without activating the analyses tasks. 

10.1.2 User Interface 
No specific user interface will be used. Report will be generated using MS-
Access report functionality. 

10.1.3 Post Condition 
Analyses must be done to generate report. 

 

10.2 Report -> Lifecycle 

10.2.1 Description 
All earlier processed analyses are captured in the database. Then user is 
allowed to report these without activating the analyses tasks. 

10.2.2 User Interface 
No specific user interface will be used. Report will be generated using MS-
Access report functionality. 

10.2.3 Post Condition 
Analyses must be done to generate report. 
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11. Help Tasks 

The Help menu will allow access to the online help. This is a context-sensitive 
help which provides assistance for each dialog. Relevant help pages can be 
directly accessed from each dialog in the system by pushing [F1] button on the 
keyboard. 

The Help menu also shows a “Help About” dialog showing version information 
for the installed system. 

Help will be in English. 
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12. Generic functionalities and system requirements 

12.1 Generic functionalities 

A number of functions are used throughout the system and there are common 
system requirements identified; these are described in this section. 

The functions are normally accessed via an icon button which appears on the 
tool GUI. 

The generic functions include: 

- Application Interface 

12.1.1 Application Interface 
The SAVE Plugin interface will be a common toolbar menu. Below is an 
example. 

 

SAVE
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12.2 System requirements 

The following constraints apply to the system as a whole rather than to 
individual requirements or capabilities. 

12.2.1 Operating Environment 
The system shall run on a Microsoft Windows 2000 (UK) SP2 or Microsoft 
Windows XP and Bentley MX(ROAD) 2004 Edition. 

The minimum required hardware specification is a PC with at least 900 Mhz 
processor, a minimum of 256 Mb of RAM, a graphics card minimum 32 MB 3D 
accelerated Open GL. 

The system should not require any third party licenses other than those 
explicitly specified. 

12.2.2 Performance 
User interface performance is necessarily subjective, and therefore it is difficult 
to set objective and testable parameters. However, the following should be 
minimum requirements when the specified minimum hardware is used: 

• Where an operation takes more than a second to complete, feedback shall 
be provided to show that the operation is in progress. 

• Where an operation takes more than 10 seconds, the feedback should give 
an indication of progress, such as a progress bar. 
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13. Data Model 

This section describes the entities modelled in the system together with their 
attributes, relationships and the processes that utilise them. 

Note that this is a logical representation of the data, no assumptions are made 
as to how or where these entities are stored; those decisions will be made 
during the system design process.  

This is a normalised model representing the user view of the system, 
optimisation and rationalisation may occur during the system design. 
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Appendix A: Material definitions 
 

 
 
 

02 Culverts incl headwalls m

03 Retraining watercourses m3

04 Ditches incl outfall m

05 Piped Drains incl manholes m

Services 07 Install ducting for Utilities m

09 Strip Topsoil incl site clearance m²

10 Tree Felling No

11 Break up any redundant pavement m3

12 Excavation Type C material m³

13 Excavation of Type B material m³

14 Excavation of Type A material m³

15 Disposal of contaminated material m³km

16 Disposal of Unacceptable material m³km

17 Deposition of acceptable material in embankments and 
other areas of Fill m³km

18 Deposition of acceptable material in Landscape Areas m³km

19 Import acceptable material in and under embankments 
and other areas of fill m³km

20 Compaction in layers of acceptable material under 
embankments and other areas of fill, in capping areas and m³

21 Vertical Drains m³

22 Geosynthetics m²

23 Topsoiling m²

24 Landscaping m²

25 Sub - base in carriageway, hardshoulder and hardstrip m³

26 Soil Stabilisation m³

27 Put Down Road Base m³

28 Put down Base Course m³

29 Put down Wearing Course m³

30 Put down concrete kerbs where required m

31 Put down concrete footpaths where required m²

32 Road Lining m

33 Road Signing (each junction) nr

34 Bridges up to 10m span m²

35 Bridges 10 - 50 span m²

36 Bridges > 50 span m²

37 Concrete median barriers m

38 Retaining Walls m²

39 Tunnel m traffic lanes

Drainage

Earthworks

Units

Road Markings 
Traffic Signs

Structures

Pavement

Item No. Description
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1. Introduction 
In the frame of the European Union SAVE programme, the new project “Integration of 
the Measurement of Energy Usage into Road Design” (IERD) commenced in 
November 2003. The expected results of this project are to reduce the energy used 
in the construction of roads and also the energy used by the vehicles using the 
roads. The end result of this project will be produced as a piece of software that can 
be added on to the software tools currently used in road design in the world. 
At the First Partners Meeting it was proposed that the energy workgroup should 
select, due to time constraints, a pre-existing software package for modelling traffic 
operation on a road. There is available a number of software packages and the use 
of the CMEM programme, which was developed in the research project sponsored by 
the National Cooperative Highway Research Programme (NCHRP, Project 25-11), 
was also mentioned as a possible tool for modelling traffic operation.  
The aim of this submitted report is to carry out the evaluation of the CMEM 
(Comprehensive Modal Emissions Model) programme from the point of view of its 
application in the IERD project. 

In the evaluation of the CMEM programme (Version 2.02), the attention was paid 
especially on how this software meet the necessary requirements i.e. to model the 
energy used by vehicles considering all essential aspects, have open interface and 
be compatible with relevant software systems. 
This report contains the preliminary evaluation of the CMEM programme. According 
to received comments and suggestions from the other participants in the IERD 
project, the final version will be prepared. 
 

2. Introduction to CMEM 
2.1 Purpose of CMEM 
Comprehensive Modal Emissions Model (CMEM) has been developed in the frame of 
the research project which has been carried out by the College of Engineering-
Centre for Environmental Research and Technology (CE-CERT) at the University of 
California-Riverside along with researchers from the University of Michigan and 
Lawrence Berkeley National Laboratory [1]. The overall objective of this research 
project was to develop and verify a modal emissions model that accurately reflects 
Light-Duty Vehicle (LDV, i.e., cars and small trucks) emissions produced as a 
function of the vehicle’s operating mode. The model is comprehensive in the sense 
that it is able to predict emissions for a wide variety of LDVs in various states of 
condition (e.g., properly functioning, deteriorated, malfunctioning). The model is 
capable of predicting second-by-second tailpipe and engine-out emissions and fuel 
consumption for a wide range of vehicle/technology categories. 
2.2 Modelling approach 
In the past several types of modal emission models, using different approaches, were 
developed. For example: 
- A convenient method to characterize vehicle operating modes of idle, cruise and 

different levels of acceleration/deceleration is to set up a speed/acceleration 
matrix. The problem with such an approach is that it does not properly handle 
other variables that can affect emissions, such as road grade, use of accessories, 
etc. 
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- Another modal emissions modelling method is to develop an emissions map that 
is based on engine power and speed. By basing emissions on engine power and 
speed, the effects of acceleration, grade, use of accessories, etc. can be taken 
directly into account. However, this approach is a very time consuming and 
expensive process. 

A problem associated with both the speed-acceleration matrix and emission mapping 
approaches is that they are typically based on steady-state emissions, and ignore 
transient operation. Further, significant errors are generated by either averaging 
emission rates within each bin or extrapolating/interpolating among them in the 
emission map grids.  
In order to avoid the problems associated with the above mentioned methods, CMEM 
uses a physical, power-demand modal modelling approach based on a 
parameterized analytical representation of emissions production. In such a physical 
model, the entire emissions process is broken down into different components that 
correspond to physical phenomena associated with vehicle operation and emissions 
production. Each component is then modelled as an analytical representation 
consisting of various parameters that are characteristic of the process. These 
parameters vary according to the vehicle type, engine, and emission technology. The 
majority of these parameters are stated as specifications by the vehicle 
manufacturers, and are readily available (e.g., vehicle mass, engine size, 
aerodynamic drag coefficient, etc.). Other key parameters relating to vehicle 
operation and emissions production are determined from a comprehensive testing 
program. The testing involved is much less extensive than creating emission maps 
for a wide range of vehicle operating points. 
The developed modal emissions model is microscale in nature, meaning it can 
readily be applied to evaluating emissions from specified driving cycles or integrated 
directly with microscale traffic simulations (e.g., CORSIM, NETSIM, etc.). However, 
its use for estimating larger, regional emissions is somewhat more complicated. 
Because microscale models typically model at the vehicle level and have high 
accuracy, they require extensive data on the system under study and are typically 
restricted in size due to the non-linear complexity gain incurred with larger networks. 
In order to produce emission inventories of greater scope, it is possible to develop 
link-level emission functions for different roadway facility types (e.g., freeway section, 
arterials, intersections, rural highways, freeway on-ramps, etc.) using the modal 
emissions model. At the microscale level, emissions can be estimated as a function 
of vehicle congestion on each facility type, with different degrees of geometrical 
variation. Statistical emission rates are then derived from the microscale components 
as a function of roadway facility type and congestion level. These rates are then 
applied to individual links of a macroscale traffic assignment model. 

3. Vehicle testing 
The large scale vehicle emissions testing program was carried out to provide data as 
the foundation of CMEM. Vehicle testing methodology, which has been designed, 
consists of several key components: 
- Defining the vehicle/technology categories that make up the modal emissions 

model 
- Using the vehicle/technology categories for guidance, determining a vehicle 

recruitment strategy 
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- Developing a dynamometer test procedure for the measurement of modal 
emissions. 

The following section deals with the vehicle/technology categorization, other details 
of vehicle emissions testing program are available in [1]. 
3.1 Vehicle/technology categorization 
In developing a modal emission model using a physical load-based approach, it was 
determined that it was necessary to collect second-by-second emissions data from a 
sample of vehicles to build a model that predicts emissions for the national fleet. The 
choice of vehicles for this sample is crucial, since only a small sample (approximately 
340 vehicles) was used as the basis for the model. 
The final vehicle/technology categories used for vehicle recruitment and testing are 
shown in Table 1. There were a total of 24 categories, based on fuel and emission 
control technology, accumulated mileage, power to weight ratio, emission certification 
level, and emitter level category. 
 

 
Source: [1] 

Table 1:  Final vehicle/technology categories used for recruitment and testing 
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4. Model structure 
As already mentioned in Chapter 2, the developed modal emissions model is a 
physical, power-demand model based on a parameterized analytical representation 
of emissions production. The main purpose of this comprehensive modal emission 
model is to predict vehicle tailpipe emissions associated with different modes of 
vehicle operation, such as idle, cruise, acceleration, and deceleration. These modes 
of operation may be very short (i.e., a few seconds) or may last for many seconds. 
Moreover, the model must deal with the following operating conditions: 
- variable starting conditions (e.g., cold start, warm start) 
- moderate-power driving (i.e. driving for the most part within the FTP performance 

envelope) 
- “off-cycle” driving (i.e. driving that falls outside the FTP performance envelope; 

this typically includes enrichment and enleanment events). 

We are concerned with a variety of in-use vehicles that vary by model, age, and 
condition (i.e., emissions control system deterioration or malfunction). Therefore, one 
needs to consider both temporal and vehicular aggregations: 
- Temporal aggregation: second-by-second → several seconds (mode) → driving 

cycle or scenario 
- Vehicle aggregation: specific vehicle → vehicle/technology category → general 

vehicle mix (fleet). 

Using a bottom-up approach, the basic building block of the physical-based 
emissions model is the individual vehicle operating on a fine time scale (i.e., second-
by-second). The primary goal is the prediction of emissions in several-second modes 
for average, composite vehicles within each of the vehicle/technology categories 
specified in Table 2. 
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Source: [1] 

Table 2:  Vehicle/technology modelled categories 
Table 2 comes directly from the vehicle/technology categories specified in Table 1, 
with the following exception. Because many of the high emitting vehicles had 
disparate emission results when categorized by technology group, the high emitting 
vehicles were re-categorized into groups with similar emission characteristics. 
Grouping high emitters by emission profiles produced much more homogeneous 
groups than grouping by technology category. Separate sub-models for each 
vehicle/technology category listed in Table 2 have been created. 
4.1 General structure of the model 
In the developed modal emissions model, second-by-second vehicle tailpipe 
emissions are modelled as the product of three components: fuel rate (FR), engine-
out emission indices (gemission/gfuel), and timedependent catalyst pass fraction (CPF): 
 
tailpipe emissions = FR x gemission/gfuel x CPF 
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Here FR is fuel use rate in grams/s, engine-out emission index is grams of engine-out 
emissions per gram of fuel consumed, and CPF is the catalyst pass fraction, which is 
defined as the ratio of tailpipe to engine-out emissions. CPF usually is a function 
primarily of fuel/air ratio and engine-out emissions. 
The complete modal emissions model is composed of six modules, as indicated by 
the six square boxes in Figure 1:  
- engine power demand 
- engine speed 
- fuel/air ratio 
- fuel-rate 
- engine-out emissions 
- catalyst pass fraction. 

The model as a whole requires two groups of input (rounded boxes in Figure 1):  
- input operating variables 
- model parameters. 

The output of the model is tailpipe emissions and fuel consumption. 
There are also four operating conditions in the model (ovals in Figure 1):  
- variable soak time start 
- stoichiometric operation 
- enrichment 
- enleanment. 

Hot-stabilized vehicle operation encompasses conditions b) through d); the model 
determines in which condition the vehicle is operating at a given moment by 
comparing the vehicle power demand with two power demand thresholds. For 
example, when the vehicle power demand exceeds a power enrichment threshold, 
the operating condition is switched from stoichiometric to enrichment. The model 
does not inherently determine variable soak time; rather, the user (or integrated 
transportation model) must specify the time the vehicle has been stopped prior to 
being started. The model does determine when the operating condition switches from 
a cold start condition to fully warmed-up operation. Figure 1 also shows that the 
operating conditions have direct impacts on fuel/air ratio, engine-out emissions, and 
catalyst pass fractions. 
The vehicle power demand (1) is determined based on operating variables (A) and 
specific vehicle parameters (B). All other modules require the input of additional 
vehicle parameters determined based on dynamometer measurements, as well as 
the engine power demand calculated by the model. 
The fuel/air equivalence ratio �, is approximated only as a function of power, and is 
modelled separately in each of the four operating conditions a) through d). The core 
of the model is the fuel rate calculation (4). It is a function of power demand (1), 
engine speed (2), and fuel/air ratio (3). Engine speed is determined based on vehicle 
velocity, gear shift schedule and power demand. 
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Source: [1]  

Figure 1:  Modal emissions model structure 
 
The details of the six modules are described in [1], where also the other details 
concerning model parameters and variables, the model calibration process, model 
validation, etc. are presented on tens of pages. 

5. Running CMEM 
CMEM was designed to be a flexible modelling tool that can be used for many 
different applications. This chapter first describes how to run the fundamental 
command-line executable code of CMEM. Later the chapter describes a more 
friendly graphical user interface for CMEM, implemented in Microsoft Access. 

5.1 Command-line executable code 
The executable code was created from the finalized source code and for this 
executable code, a command-line user interface was developed. The command-line 
code has been developed for both the PC environment (running from a DOS 
command line) and the UNIX environment (compiled for both SUN and SGI 
workstations). Running from the command line, the executable code reads in specific 
input files and produces specific output files. The CMEM executable code takes on 
two forms: 

Core model 
The core executable code allows the user to obtain emission data for a single 
specified vehicle category and a given vehicle activity file. The core model uses two 
input files and outputs two emission files. One input file is used to control the 
parameters of the model (specifies the vehicle category to be modelled), the other 
input is a second-by-second vehicle activity file (time, vehicle velocity, grade, etc.). 
One resulting output file provides tailpipe emissions and fuel consumption on a 
second-by-second basis, the other output file is a vehicle summary file. 
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Batch model 
The batch executable code allows the user to obtain emission data for multiple 
vehicles (from a variety of categories) with different trajectories specified in the 
vehicle activity file. The batch model requires three input files: a parameter control 
file, a definition file, and a time-ordered vehicle activity file. Three output files are 
available: a second-by-second, time-ordered vehicle emissions file, a vehicle 
integrated emissions file and a model run file.  
The control file is similar to that described above; the control file also specifies 
whether a soak time file exists. The vehicle activity file is similar to that described 
above; several transportation models output vehicle trajectories in this format. The 
vehicle definition file defines multiple vehicle types and soak times. The second-by-
second time-ordered vehicle emissions file is similar to that used in the core model, 
the vehicle integrated emissions file provides the integrated emission results of the 
velocity patterns for each vehicle. The model run file contains information for the 
current run such as the names of the files associated with that run, the parameter 
values used for each vehicle ID for that run, and any errors or comments generated 
from processing the control, activity and definition files for that run. 
5.2 Microsoft access version of CMEM 
In order to make CMEM easier to use with a graphical user interface (GUI), the code 
has been implemented in Microsoft Access. The CMEM Access version implements 
the same thing as the batch version of the command-line model. Serving as the main 
menu of the GUI is the form shown in Figure 2. From this form, it is possible to setup 
the input information (e.g., vehicle data, activity information), run the model, and then 
observe the output through either tables or graphs (i.e., Access reports). 
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           Source: [2] 

Figure 2:  CMEM-Access Main Menu form 
 

In the command-line version, it was necessary to set up various input files, such as 
control parameters, soak-time, and vehicle activity. In the CMEM-Access version, 
tables essentially take the place of these files. The tables are set up very similarly to 
the previous input files (i.e., approximately the same format), and it is possible to 
setup the inputs by typing data directly into tables. However, several forms have 
been created so that the data input process is greatly simplified. 
 

Vehicle data 

By clicking on Vehicle Data on the main menu, the vehicle data input form shown in 
Figure 3 appears. From here, we specify the characteristics of different vehicles, 
assigning each of them a unique Vehicle ID. It is then possible to assign each vehicle 
to a fleet. For each vehicle specified, the appropriate CMEM vehicle category must 
be assigned. Once the vehicle category is assigned, the default values for the 
category can be loaded by clicking the Load Default Values button. As with the 
command-line version of the model, it is possible to modify various parameters of a 
vehicle category. It is possible to modify all the parameters by directly editing the 
appropriate table in Access. 
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                                                                                                                                                 Source: [2] 
Figure 3:  CMEM-Access Vehicle Data form 
 
Once a vehicle is setup, it is possible to modify the characteristics, or even delete the 
vehicle specification all together. To create a new vehicle specification, either 
duplicate the previous vehicle followed by modifying the parameters, or create a new 
vehicle by clicking the new vehicle button. It is also possible to scroll through all of 
the specified vehicles. This form modifies the vehicle definition table which can be 
modified directly by typing into the table. 
 

Activity data 

Similar to the vehicle data file, the command-line vehicle activity file is represented as 
an activity table in the CMEM-Access version. This activity table can be modified by 
directly entering/changing the inputs to the table or by using the Activity Data form. 
From the main menu, click the Activity button to get to the activity form which is 
shown in Figure 4. From this form, it is possible to create and/or edit the activity data 
directly, simply click the Edit Activity button. To start with a blank set of activity data, 
click the Delete Activity button. Finally, it is possible to import vehicle activity data 
from a separate file. For this, it is first necessary to choose the file using the Select a 
File button. Another form will appear (see Figure 5) which lists various files in the 
current directory. The directory can be changed by altering the directory path in the 
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File/Folder box in this form. Once you have gotten to the appropriate directory, the 
file listings will only show three different types of files which are selectable from the 
file type box in the form. The files types are: 

 
                                                                                                                                            Source: [2] 
Figure 4:  CMEM-Access Vehicle Activity form 
 
− Standard ASCII text file (TXT extension). If the standard text file is used, the 

user must also specify which columns are to be used by clicking on the field 
boxes in the Vehicle Activity form (Figure 4). For example, if the ASCII file 
contains columns of time, velocity, and acceleration, then the appropriate check 
boxes must be checked on the Vehicle Activity form. The format of the text file is 
also specified by choosing the appropriate format from the format field on the 
Vehicle Activity form. 

− TRAFVU binary output file (TSD extension). TRAFVU is the graphical 
component of FHWA’s TSIS (Traffic Software Integrated System) suite of 
microscopic models. Models such as NETSIM and CORSIM output a graphic file 
for display. CMEM-Access can interpret these files and use them for setting up 
the vehicle activity. They have a set format, so the only thing to do to select these 
files is to choose this type in the File Type box. It is necessary that the trafvu.exe 
program be in the same directory as the CMEM-Access database. 

− CYCLE text file (CYC extension). These driving cycle files are very simple, they 
just have a single column of ASCII text indicating the second-by-second velocity 
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of the driving cycle. These files have this set format and thus it is not necessary to 
choose any columns or formats on the Vehicle Activity Form. 

Although not a file option, it is possible to import Microsoft EXCEL spreadsheets by 
simply copying over the data directly into the activity table, or by exporting the data 
from EXCEL to ASCII, then reading the ASCII file as described above.  
As a file format is selected, a preview of the data is automatically shown in the File 
Preview window. Once the file is selected, then clicking the Import button on the 
Vehicle Activity form loads the data into vehicle activity table. If there is already 
activity data in the table, additional data imports will append to the activity file. This is 
useful if creating a large, diverse set of vehicle activities. If you do not want to 
append, then be sure to delete the old activity data prior to importing the desired 
data. 

 
            Source: [2] 

Figure 5:  CMEM-Access activity file selection form 
 
Finally, to see an actual plot (activity versus time) of the vehicle activity, it is possible 
to click the Activity Graph on the CMEM-Access main menu. 
Running Model and Obtaining Results 
Once the vehicle data and activity data are set, the model code needs to be 
executed. This is accomplished simply by clicking the Calculate button on the main 
menu. Generally this is fairly fast, however if the activity file is very large, the 
calculation can take several minutes. When the model run is complete, a message 
appears at the bottom of the main menu form stated so. At that time, it is possible to 
generate several types of output: 
Second-by-Second Emissions Results By clicking the Emissions Results on the 
main menu, it is possible to get a listing of the second-by-second emissions output, 
very similar in form to what is produced by the command-line batch model emissions 
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file output. This listing is a result of an Access query and is table format that can be 
printed, exported, etc. 
Emissions Summary Results By clicking the Summary Results on the main menu, 
it is possible to get the integrated emissions output for the entire activity data set, 
very similar in form to what is produced by the command-line batch model summary 
emissions file output. This listing is a result of an Access query and is table format 
that can be printed, exported, etc. 
Fleet Emissions Graph By clicking the Fleet Emissions on the main menu, it is 
possible to graphically compare the integrated emissions between designated fleets. 
By looking at the fleet emissions output, it is possible to see how each fleet compares 
to one another (on a grams/mile basis). 
Fleet Summary Result By clicking the Fleet Summary on the main menu, it is 
possible to get the same output as the Fleet Emissions Report; however the data are 
presented in tabular form rather than in graphs. This listing is a result of an Access 
query and is table format that can be printed, exported, etc. 
Once the output data are obtained, it is possible to graph the results within Access. 
The output data can also be copied over to Excel for further data analysis and plots. 
It is also possible to do additional “filtering” on the emissions output results using 
Access queries. 
Each CMEM-Access database run is independent. It is recommended that a 
separate CMEM-Access database file be created for each emissions analysis 
performed.  

6. Transportation/emissions model integration 
In this chapter, we describe the integration issues between transportation and 
emissions, as well as other alternative forms of the model. The comprehensive modal 
emissions model was designed so that it can interface with a wide variety of 
transportation models and/or transportation data sets in order to produce an 
emissions inventory. As shown in Figure 6, these transportation models/data vary in 
terms of their inherent temporal resolution. For example, at the lowest level, 
microscopic transportation models typically produce second-by-second vehicle 
trajectories (location, speed, acceleration). Driving cycles used for vehicle testing are 
also specified on a second-by-second basis (speed vs. time). The CMEM 
implementations are microscopic in nature. 

In addition, there are other types of transportation models/data sets that aggregate 
with respect to time, producing traffic statistics such as average speed on a roadway 
facility type basis. Similar acceleration statistics may also be produced by these 
models. At the highest level, total vehicle volume and average speed over an entire 
regional network may be all that is provided.  
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            Source: [1] 

Figure 6:  Transportation/Emission Model Interface 
 

In order for the modal emission model to be closely integrated with these different 
types of transportation models (with varying levels of temporal and vehicle 
resolution), it must be able to operate at various temporal resolutions. The model has 
been developed in a bottom-up fashion, concentrating first at a high temporal 
resolution (i.e., on the order of a few seconds) and then aggregating upwards. As 
follows, emissions can be predicted second-by-second, by vehicle operating mode, 
or aggregate emissions can be given for a specific driving cycle (i.e., velocity profile). 
- Temporal aggregation: second-by-second → several seconds (mode) → driving 

cycle or scenario 
- Vehicle aggregation: specific vehicle → vehicle/technology category → general 

vehicle mix (fleet). 

In addition to temporal aggregation, vehicle aggregation must also be considered. 
Given an appropriate parameter set, CMEM is capable of predicting emissions for 
individual vehicles. However, the ultimate goal is the prediction of detailed emissions 
for an average composite vehicle within each vehicle/technology category. This 
composite vehicle approach is somewhat different from the approach used by 
traditional emission factor models. At the highest level of vehicle aggregation, the 
model outputs from each vehicle/technology category (i.e., composite vehicle) can be 
combined appropriately to represent emissions from the general vehicle population. 
When considering the interface between transportation and emission models, there 
are primarily two key components that must be considered:  
− vehicle fleet distribution 
− vehicle operation. 

Vehicle fleet distribution In all cases, a straightforward approach to handling the 
transportation/emissions model interface is to create an appropriate mapping 
between the vehicle types defined in the transportation model, and the vehicle types 
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defined in the emission model. This is usually represented as a matrix which 
specifies the different categories and the percentage of each vehicle class. 
Vehicle operation For microscopic transportation simulation models, typical vehicle 
operating parameters include second-by-second velocity, acceleration (which can be 
differentiated from velocity), and position (from which road grade can be deduced) for 
each individual vehicle. Other secondary variables that may be given at this fine level 
of resolution include load-producing accessory use (e.g., air conditioning) and front 
and rear vehicle spacings (which may play a role with aerodynamic drag reduction if 
sufficiently small).  
More detailed discussions concerning transportation/emission modelling issues are 
available in [1, 2]. There, a description is given on the user interface of the core 
second-by-second modal emissions model. Another form of the model, also 
occurring at the microscopic level, is described there. In this form, the model is 
represented as velocity/acceleration-indexed emissions/fuel lookup tables. Also a 
detailed methodology, on how to generate the appropriate weights for the CMEM 
categories given a vehicle registration database, is discussed. 
In the project aimed at developing CMEM, much effort was spent in identifying how 
CMEM can be integrated into various transportation modelling environments. The 
core and batch executable models have been developed in a flexible fashion so that 
they can easily be incorporated into various frameworks. In addition, 
velocity/acceleration-indexed emission/fuel lookup tables were created, which can be 
integrated into many existing microscopic transportation simulation models (e.g., 
CORSIM, NETSIM, etc.). This integration work should continue with other types of 
transportation data and/or models [1], getting the maximum utility out of CMEM. 

7. Conclusions 
The CMEM programme (Version 2.02) was evaluated from the point of view of its 
possible application in the IERD project. The main emphasis was laid on the ability to 
model realistically the energy used by vehicles, on interface and compatibility with 
relevant software systems. 

The comprehensive modal emissions model CMEM was created for vehicles; this 
model is capable of predicting second-by-second tailpipe emissions and fuel 
consumption for 26 different vehicle/technology categories. As described previously, 
CMEM has been developed using a physical, power-demand approach based on a 
parameterized analytical representation of emissions production. Each component is 
modelled as an analytical representation consisting of various parameters that are 
characteristic of the process. These parameters vary according to the vehicle type, 
engine, emission technology, and level of deterioration. 

CMEM can be integrated into various transportation modelling environments. The 
core and batch executable models have been developed in a flexible fashion so that 
they can easily be incorporated into various frameworks. In addition, 
velocity/acceleration-indexed emission/fuel lookup tables for each composite vehicle 
model were created, which can be integrated into many existing microscopic 
transportation simulation models (e.g. CORSIM, NETSIM, etc.). 

CMEM represents very comprehensive and excellent programme for the original 
intended purposes and in the evaluation report only main aspects could be 
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presented. Detailed information is available especially in [1, 2] and other sources 
(see References). 
However, it is necessary to mention several following adverse aspects which are 
relevant from the point of view of application of CMEM in the IERD project: 

− Usage of CMEM requires its integration into another suitable microscopic 
transportation simulation software. 

− Fuel consumption represents a significant component of energy consumed by 
vehicles, but there are other important components, which CMEM does not 
determine (e.g. tyre consumption, lubrication oil consumption, etc.). 

− The vehicles used in the CMEM database (see Table 3 in Annex) are 
representative for the California fleet and the situation in about 1997 when the 
data was collected. Current vehicle fleet in the European Union is somewhat 
different. 

Regarding the above mentioned reasons, the reviewed current version of CMEM 
does not seem to be a suitable software tool for the purposes of the IERD project. 

Comments and suggestions, concerning this report with the preliminary evaluation, 
will be appreciated and will be reflected in the final version of the evaluation of the 
CMEM programme. 
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Table 3:  Tested vehicles in the NCHRP 25-11 project 
 
Veh. Name MY Veh Type Veh. Name MY Veh Type Veh. Name MY Veh Type Veh. Name MY Veh Type 
Ford_E_150_83 83 Truck Honda_Civic_89 89 Car Mazda_B300_94 94 Truck Toyota_Camry_95 95 Car 

Toyota_Celica_8 81 Car Infinity_G20_95 95 Car Jeep_Wrangler_9 95 Truck Chevy_Camaro_96 96 Car 

Ford_Bronco_82 82 Truck Ford_Mini_93 93 Truck Ford_Taurus_85 85 Car Toyota_4Runn_95 95 Truck 

Honda_Civic_76 76 Car Honda_Civic_96 96 Car Ford_Mustang_67 67 Car Toyota_Tercel_9 91 Car 

Honda_Civic_91 91 Car Ford_F150_75 75 Truck Toyota_Tercel_8 81 Car Chry_Lebaron_95 95 Car 

Toyota_Tercel_9 95 Car Toyota_Camry_92 92 Car Dodge_88 88 Truck Dodge_Spirit_90 90 Car 

Toyota_PU_90 90 Truck Plymth_Breeze_9 96 Car Ford_Aerostar_9 94 Truck Suzuki_Swift_92 92 Car 

Honda_Prelude_8 82 Car Chevy_Capri_94 94 Car Ford_Tempo_90 90 Car GMC_Sonom_PU_92 92 Truck 

Buick_Century_8 86 Car Chevy_Van_86 86 Truck Saturn_96 96 Car Ford_T_Bird_78 78 Car 

Datsun_240Z_73 73 Car Mazda_Protege_9 90 Car Datsun_81 81 Car Honda_Accord_95 95 Car 

Chevy_Suburban_ 87 Truck Cad_Eldorado_82 82 Car Olds_Regency_90 90 Car Subaru_Gl_86 86 Car 

Cadillac_84 84 Car Ford_Ranger 92 Car Cadillac_BHM_96 96 Car Toyota_PU_85 85 Truck 

Dodge_Spirit_91 91 Car GM_Reagal_86 86 Car Oldsmobile_98_8 83 Car Honda_Civic_79 79 Car 

Oldsmobile_98_7 79 Car Ford_Aerostar_9 94 Truck Toyota_PU_85 85 Truck Honda_Civic_95 95 Car 

Oldsmobile_89 89 Car Toyota_Corolla_ 94 Car Pont_Firebird_8 89 Car Saturn_SL_92 92 Car 

Honda_Accord_85 85 Car Honda_Accord_85 85 Car Ford_Thunbird_8 80 Car Nissan_Sentra_9 91 Car 

Plymouth_MV_88 88 Truck Honda_Passport_ 94 Truck Chevy_K1500_95 95 Truck Nissan_240SX_93 93 Car 

Chevy_Suburban_ 94 Truck Ford_F150_86 86 Truck Dodge_Spirit_94 94 Car BMW_325i_89 89 Car 

GMC_Safari_96 96 Truck Toyota_Tercel_9 93 Car Ply_Sundance_93 93 Car Pontiac_Bonn_88 88 Car 

Ford_Aerostar_8 86 Truck Chevy_PU_88 88 Truck Nissan_Sentra_9 95 Car Toyota_PU_95 95 Truck 

Cadillac_NS_96 96 Car Ford_T-Bird_96 96 Car Saturn_96 96 Car Dodge_Dakota_96 96 Truck 

Buick_Lesabr_96 96 Car Ford_F150_84 84 Truck Saturn_93 93 Car Ford_Escort_96 96 Car 

Buick_Lesabr_BO 96 Car Oldsmobile_71 71 Car Nissan_PU_92 92 Truck Honda_Accord_83 83 Car 

                  Source: [1] 
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Table 3:  Tested vehicles in the NCHRP 25-11 project 
 
Veh. Name MY Veh Type Veh. Name MY Veh Type Veh. Name MY Veh Type Veh. Name MY Veh Type 
Jeep_Cherokee_9 95 Car Toyota_CLA_92 92 Car Toyota_Camry_94 94 Car Chevy_C10_81 81 Truck 

Dodge_MiniVan_9 95 Truck Ford_Festiva_88 88 Car Chevy_Chevel_72 72 Car Ford_Ranger_95 95 Truck 

Honda_Civic_95 95 Car Chevy_Camaro_88 88 Car Cadillac_CDV_84 84 Car Toyota_PU_88 88 Truck 

Ford_Van_95 95 Truck Dodge_Neon_96 96 Car Ford_T_Bird_93 93 Car Chevy_G10_81 81 Truck 

GMC_S15_Truck_8 85 Truck Ford_Mustange_9 95 Car Mazda_Protege_9 92 Car Mazda_Protege_9 94 Car 

Nissan_Truck_84 84 truck Mazda_626_93 93 Car Nissan_Sentra_9 90 Car Jeep_CJ5_83 83 Truck 

Chevy_Cavalier 90 Car Toyota_Tercel_9 92 Car Dodge_Ram_MV_88 88 Truck Ford_Tbird_89 89 Car 

Pontiac_90 90 Car Honda_Prelude_8 85 Car Ford_Aerostar_9 92 truck Dodge_Dakota_92 92 Truck 

Dodge_Truck_91 91 Truck Toyota_Celica_8 85 Car Chevy_Cavalr_96 96 Car Toyota_PU_91 91 Truck 

Honda_Accord_90 90 Car Ford_Taurus_97 97 Car Honda_Accord_92 92 Car Dodge_Dakota_95 95 Truck 

Honda_Civic_95 95 Car Toyota_Camry_89 89 car Chevy_AstroV_88 88 Truck Hyundai_Excel_8 89 Car 

Ford_Mustang_65 65 Car Alfa_Romeo_Spid 86 Car Toyota_Tercel_9 93 Car Honda_Accord_LX 95 Car 

GMC_1500_92 92 Truck Toyota_X_cab_92 92 Truck Jeep_Wrangler_9 92 Truck Toyota_Camry_LE 95 Car 

Nissan_Altima_9 96 Car Saturn_SL2_93 93 Car Dodge_Ram_84 84 Truck Pontiac_Lemans_ 78 Car 

BMW_735i_85 85 Car Honda_Civic_DX_ 94 Car Honda_Accord_LX 94 Car Pontiac_Lemans_ 90 Car 

Ford_F_150_86 86 Truck Nissan_Pickup_8 86 Truck Chevrolet_Camin 78 Truck Honda_Civic_EX_ 95 Car 

Toyota_PU_88 88 Truck Chrysler_5th_Av 86 Car Honda_Civic_LX_ 93 Car Geo_Storm_90 90 Car 

Nissan_PU_90 90 Truck Ford_Ranger_96 96 Truck Toyota_Celica_G 85 Car Toyota_Camry_DX 91 Car 

Buick_Regal_84 84 Car Ford_Bronco_II_ 86 Truck Jeep_Wrangler_9 90 Truck Plymouth_Acclai 94 Car 

Mazda_MX6_88 88 Car Dodge_Intrepid_ 95 Car Mitsubishi_Ecli 93 Car Buick_Roadmaste 91 Car 

Honda_Civic_94 94 Car Chevy_C_20_78 78 Truck Isuzu_Rodeo_95 95 Truck Ford_Escort_91 91 Car 

Nissan_280zx_79 79 Car Dodge_Spirit_94 94 Car Ford_F150_97 97 Truck Honda_Accord_LX 93 Car 

                  Source: [1] 
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Table 3:  Tested vehicles in the NCHRP 25-11 project 
 
Veh. Name MY Veh Type Veh. Name MY Veh Type Veh. Name MY Veh Type Veh. Name MY Veh Type 
Acura_Integra_9 96 Car Ford_Mustang_79 79 Car Ford_Ranger_93 93 Truck Mercury_Tracer_ 91 Car 

Dodge_Ram_1500_ 96 Truck Dodge_Spirit_94 94 Car Dodge_Neon_97 97 Car Datsun_510_81 81 Car 

Ford_Explorer_9 92 Truck Ford_Windstar_9 97 Truck Ford_F150_96 96 Truck Dodge_Ram_1500_ 96 Truck 

Toyota_Pickup_8 84 Truck Ford_Explorer_9 97 Truck Chevy_Astrovan_ 95 Truck Chevy_Corsica_9 92 Car 

Mercury_Tracer_ 81 Car Ford_Ranger_73 73 Truck Buick_Park_Ave_ 88 Car Nissan_Sentra_8 86 Car 

Chevy_Corsica_8 88 Car Dodge_Caravan_8 85 Truck Nissan_Sentra_8 84 Car Ford_F_150_Van_ 83 Truck 

Dodge_Ram_Picku 85 Truck Datsun_200sx_77 77 Car Geo_Tracker_93 93 Truck Mazda_626_83 83 Car 

Toyota_Pickup_9 91 Truck Toyota_Pickup_8 88 Truck Saturn_SL2_94 94 Car Volkswagen_Fox_ 92 Car 

Ford_Ranger_92 92 Truck Jeep_Wrangler_8 89 Truck Mitsubishi_PU_8 85 Truck Honda_Accord_LX 84 Car 

Dodge_Caravan_8 88 Truck Dodge_Caravan_9 94 Truck Crown_Victoria_ 94 Car Honda_Civic_LX_ 93 Car 

GMC_Sierra_89 89 Truck Chevrolet_Custo 72 Truck Chevy_1500_96 96 Truck Saturn_SL2_93 93 Car 

Dodge_250_Van_9 90 Truck Ford_Festva_93 93 Car Nissan_Sentra_8 85 Car Honda_Accord_EX 93 Car 

Chevy_S_10_Pick 92 Truck Mazda_B2000_SE_ 86 Truck Chevy_Tahoe_95 95 Truck Geo_Metro_96 96 Car 

Chevy_Silverado 84 Truck Ford_TBird_94 94 Car Saturn_SL2_93 93 Car Monte_Carlo_81 81 Car 

Nissan_Pickup_9 90 Truck Chevrolet_C1500 88 Truck Toyota_Camry_91 91 Car Honda_Accord_LX 93 Car 

Chevy_SUV_94 94 Truck Ford_SuperWagon 80 Truck Olds_98_94 94 Car Chevy_1500_Pick 90 Truck 

Dodge_Caravan_8 89 Truck Toyota_Pickup_9 92 Truck Chevy_1500_94 94 Truck Honda_Accord_LX 95 Car 

Chevy_Spirit_85 85 Car Chevrolet_Capri 85 Car Ford_F_150_95 95 Truck Acura_Vigor_94 94 Car 

Honda_Accord_Ex 90 Car Ford_Mustang_LX 90 Car Toyota_Corolla_ 96 Car Plymouth_Duster 94 Car 

Ford_Escort_94 94 Car Hyundai_Elantra 92 Car Hyundai_92 92 Car Ford_F_150_92 92 Truck 

Pontiac_Transpo 91 Truck Nissan_Sentra_G 96 Car Toyota_Corolla_ 78 Car Toyota_Tercel_9 93 Car 

Toyota_Paseo_95 95 Car Honda_Prelude_9 92 Car Nissan_Altima_9 93 Car Dodge_Ram_97 97 Truck 

Toyota_Camry_94 94 Car Ford_F250_72 72 Truck Chevy_Beretta_9 91 car GMC_Jimmy_90 90 Truck 

                  Source: [1] 
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Table 3:  Tested vehicles in the NCHRP 25-11 project 
 
Veh. Name MY Veh Type Veh. Name MY Veh Type Veh. Name MY Veh Type Veh. Name MY Veh Type 
Plymouth_Voyage 94 Truck Honda_Civic_94 94 Car Dodge_250_92 92 Truck Dodge_Shadow_94 94 Truck 

Nissan_PU_88 88 Truck Ford_Mustang_65 65 Car Dodge_250_95 95 Truck Plymouth_Breeze 97 Car 

Chevy_AstroVan_ 90 Truck Dodge_Dakota_91 91 Truck Ford_F_250_86 86 Truck Ford_F_350_96 96 Truck 

Toyota_PU_94 94 Truck GMC_Sonoma_97 97 Truck Dodge_250_97 97 Truck GMC_3500_88 88 Truck 

Chevy_Caprice_9 94 Car Toyota_Corolla_ 94 Car Ford_F_350_96 96 Truck Chevy_95_C3500 95 Truck 

Chevy_AstroVan_ 90 Truck GMC_1500_PU_95 95 Truck Ford_F_350_86 86 Truck GMC_3500_88 88 Truck 

Honda_Civic_84 84 Car Chevy_Suburban_ 97 Truck Ford_F_350_83 83 Truck 95_GMC Jimmy 95 Truck 

Chevy_Celebrity 90 Car Chrysler_Town_8 89 Car Ford_F_350_96 96 Truck 95_Ford_Escort 95 Car 

Chevy_Corsica_9 91 Car Plymouth_Carave 87 Car Dodge_Ram_97 97 Truck 96_Ford_Escort 96 Car 

Ford_Taurus_Wg_ 95 Car Mercury_Cougar_ 92 Car GMC_Sierra_89 89 Truck 95_Ford_Windstar 95 Car 

Geo_Metro_91 91 Car Plymouth_Voyage 91 Truck Ford_F_350_92 92 Truck 96_VW_GTI 96 Car 

Oldsmobile_Cutl 94 Car Acura_Integra_8 88 Car Ford_F_350_87 87 Truck 99 Buick_Century 99 Car 

Toyota_Pickup_8 84 Truck Pontiac_Grand_A 86 Car Honda_Civic_DX_ 97 Car 98_Pontiac_Sunfire 98 Car 

Geo_Metro_91 91 Car Ford_Bronco_86 86 Truck GMC_Sonoma_91 91 Truck 95_Jeep_Cherokee 95 Truck 

Toyota_Corolla_ 93 Car Oldsmobile_Cutl 83 Car Dodge_Dakota_91 91 Truck 94_Mercury_Villager 94 Car 

GMC_1500_95 95 Truck Ford_Festiva_88 88 Car Chevy_Astrovan_ 94 Truck 98_Toyota_Camry 98 Car 

Toyota_Pickup_8 81 Truck Ford_F_350_95 95 Truck Chevy_Malibu_97 97 Truck 95_Chevy_S10 95 Car 

Dodge_Caravan_9 89 Truck Ford_F_250_87 87 Truck Acura_Integra_R 89 Car    

Chevy_Astrovan_ 92 Truck Dodge_250_90 90 Truck Ford_Windstar_9 97 Car    

                  Source: [1] 
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Appendix A: Road Geometry 
Road geometry within the CMEM model is respected in the engine power demand 
module (see Figure 1 on page 9 in CDV's report Preliminary Evaluation of the CMEM 
Programme). In the next section, this module is described in detail according to [1] 
(see References in CDV's report Preliminary Evaluation of the CMEM Programme 
i.e. Final Report of the NCHRP Project 25-11). 
1. Engine power demand module 
The establishment of a power demand function for each vehicle is as follows. The 
total tractive power requirements (in kW) placed on the vehicle (at the wheels) is 
given as: 
 

 
where M is the vehicle mass with appropriate inertial correction for rotating and 
reciprocating parts (kg), ν is speed (miles/hour or mph), a is acceleration 
(mph/second2), g is the gravitational constant (9.81 meters/s2), and θ is the road 
grade angle in degrees. Here the coefficients A, B, and C involve rolling resistance, 
speed-correction to rolling resistance, and air drag factors. 
If some or all of these parameters are unknown, coefficients can be obtained from 
coastdown data obtained in connection with the FTP and available in the EPA 
coastdown coefficients database. A, B and C can be estimated based on the 
procedure outlined in the IM240 test procedure and using the equipment 
specifications developed by the US EPA. This procedure divides the tractive road-
load horsepower at 50 mph (TRLHP@50) into the three components, which are 
determined by the vehicle manufacturer as specified in a SAE procedure. In the 
absence of new car certification coefficients or a vehicle class designator, the 
following track coefficients can be used: 
 

 
In this approximation A, B, and C only rely on a single variable TRLHP. 
To translate the tractive power requirement to demanded engine power 
requirements, the following relationship applies: 
 

 
 
where P is the second-by-second engine power output in kW, ε is vehicle drivetrain 
efficiency (more details in [1]), and Pacc is the engine power demand associated with 
the operation of vehicle accessories such as air conditioning usage. 
The complete description of all modules of the modal emissions model is available in 
Chapter 4 in [1]. 
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2. Summary of model parameters and variables 
A summary list of the parameters and operating variables is given in the following 
Table. This Table gives the name and a brief definition of each parameter, as well as 
the associated equation number (according to [1]) in which it appears. 
 

 
            
 Source: [1] 
Table:  Modal Emissions Model Input Parameters 
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Appendix B: Calculated Results vs. Real Values, Validation 
During searching information how CMEM is able to deal with real life scenarios, how 
the calculated results match expected real values, how CMEM has been validated, 
etc., a large number of information sources were explored. The following relevant 
information sources were selected; data for finding them and short specifications are 
attached. 
 
- Assessment of the Impact of Electronic Toll Collection on Mobile Emissions in the 

Baltimore Metropolitan Area. National Transportation Center, Morgan State 
University, Baltimore, 
http://www.eng.morgan.edu/~ntc/Research_Projects/Completed_Projects/saka1.d
oc, 2004. 

This paper describes a recent study of the operational benefits associated with 
the deployment of M-Tag (electronic toll collection) technology at the three major 
toll plazas in the Baltimore Metropolitan Area. The study focused on the reduction 
in mobile emissions, three scenarios were analyzed to quantify the air-quality 
associated with M-Tag deployment. Two categories of models (Mobile 5b and 
CMEM) were considered and used in the study; a comparison analysis was 
undertaken for Mobile 5b and CMEM. 

 
− Induced Travel and Emissions from Traffic Flow Improvement Projects. 82nd 

Annual Meeting of Transportation Research Board, 
http://www.ltrc.lsu.edu/TRB_82/TRB2003-000092.pdf, 2004. 

A simulation of two traffic-flow improvement scenarios is analyzed using the 
VISSIM microsimulation model and the CMEM modal emissions model. Both 
short-run and long-run emissions of CO, HC, NOx, CO2, and consumption of fuel 
are estimated.  

 
− A Microsimulation Model of CO2 Emissions from Passenger Cars: Model 

Framework and Applications. 80th Annual Meeting of Transportation Research 
Board, http://www.eng.uwaterloo.ca/~chclee/paper/TRB01-2231.PDF, 2004. 

This paper presents the development of a simple and robust micro-scale 
simulation model of carbon dioxide emissions from passenger cars. In order to 
check whether the model exhibits an adequate accuracy or not, the comparison of 
the model with another existing micro-scale emission model is beneficial. For this 
reason, the proposed model (EMCR) is compared with a Comprehensive Modal 
Emissions Model (CMEM). CMEM is proven to be capable of predicting second-
by-second tailpipe emissions and fuel consumptions for a wide range of vehicles 
in various states of condition. 

 
− Predicting Short-Term and Long-Term Air Quality Effects of Traffic-Flow 

Improvement Projects. NCHRP Project 25-21. 
http://faculty.washington.edu/pwaddell/Models/NCHRP25-21.pdf, 2004. 

This report presents the results of the Phase I research for the National 
Cooperative Highway Research Project NCHRP 25-21 to develop a methodology 
to predict the long and short term mobile source emission impacts of traffic flow 
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improvement projects. The report presents a review and evaluation of existing 
and state-of-the-art methodologies, attention is paid to a number of models 
including the Comprehensive Modal Emissions Model (CMEM). 

 
− Methodologies for Evaluating Environmental Benefits of Intelligent Transportation 

Systems. Center for Transportation Research, The University of Texas at Austin, 
Austin, http://www.utexas.edu/research/ctr/pdf_reports/4197_1.pdf, 2004. 

This research report provides an overview of the current state of practice in 
evaluation of air quality impacts and also in emissions modelling. This report 
describes the recent developments in emissions modelling, the Comprehensive 
Modal Emissions Model (CMEM) is also involved. 
 

− Analytical Tool for Measuring Emission Impact of ACCEL/DECEL. New Jersey 
Department of Transportation and University Transportation Research Center 
Federal Highway Administration, http://www.utrc2.org/research/assets/8/accel-
decel1.html, 2004. 

Air quality has become one of the important factors to be considered in making 
transportation improvement decisions. Thus, tools are expected to help such 
decision-makings. In this study, three particular studies that are related to 
developing microscale emission models were emphasized to identify the variables 
they considered. The first study is that conducted by researchers in the College of 
Engineering-Center for Environmental Research and Technology (CE-CERT) at 
the University of California-Riverside along with researchers from the University of 
Michigan and Lawrence Berkeley National Laboratory, in which the 
Comprehensive Modal Emission Model (CMEM) was developed. 
 

− Real-World Vehicle Emissions: A Summary of the Twelfth Coordinating Research 
Council On-Road Vehicle Emissions Workshop. 
http://www.awma.org/journal/pdfs/2003/2/cadle.pdf, 2004 

The Coordinating Research Council (CRC) held its 12th workshop in April 2002, 
with presentations on the most recent on-road vehicle emissions research. This 
paper summarizes the presentations, participants in the workshop discussed 
mobile source emission models and emission inventories. CE-CERT’s CMEM 
was also mentioned. 
 

− Issues Related to Quantifying the Environmental Impacts of Transportation 
Strategies Using GPS Data. Department of Civil Engineering, University of 
Waterloo, 
http://gorge.uwaterloo.ca/bhelling/Publications%20Page/Publications/ITE%20200
2%20GPS%20and%20Emissions%20v7.pdf, 2004. 

Transportation professionals are being challenged to objectively evaluate the 
impact that competing traffic management strategies have on air quality. 
However, few tools currently exist that are able to efficiently provide this 
evaluation, and those that do exist, such as microscopic traffic simulation, often 
require specialised knowledge or extensive data collection and calibration efforts. 
This paper deals with several existing fuel consumption and emission models, 
also with CMEM. 
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− Program for the Study of Extremely-Low-Emission Vehicles: Year 2 Activities. 
College of Engineering-Center for Environmental Research and Technology, 
University of California, Riverside, 
http://www.cert.ucr.edu/research/pubs/selev_quarterly_043002.pdf, 2004. 

From this report there are obvious activities of the authors which are also 
connected with the Comprehensive Modal Emissions Model (CMEM). 
 

− EPA's Plan for MOVES: A Comprehensive Mobile Source Emissions Model. U.S. 
EPA Office of Transportation and Air Quality, 
http://www.epa.gov/otaq/models/ngm/moveieic.pdf, 2004. 

EPA's Plan, to develop a new mobile source emissions model that is 
comprehensive in source category, pollutant and analysis scale, is presented. The 
comparison of the Comprehensive Modal Emission Model (CMEM) with other 
models is also discussed. 
 

− EPA’s New Generation Mobile Source Emissions Model: Initial Proposal and 
Issues. United States Environmental Protection Agency, 
http://www.epa.gov/otaq/models/ngm/r01007.pdf, 2004. 

The purpose of this paper is to present issues and options regarding the future 
direction of EPA’s mobile source emissions modelling program, and a proposed 
framework for the agency’s future modelling work. UC Riverside’s Comprehensive 
Modal Emissions Model (CMEM) is presented among approaches which take into 
account vehicle operating modes. 
 

From up to now found information sources concerning the CMEM model, it is evident 
that they relate to the American environment. This fact corresponds to the 
conclusions in CDV's report Preliminary Evaluation of the CMEM Programme (see 
page 18), in which the adverse difference between vehicle fleet assumed in the 
CMEM model and the current vehicle fleet in the European Union was stressed. 
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1. Introduction 
 
In the frame of the European Union SAVE programme, the new project “Integration of 
the Measurement of Energy Usage into Road Design” (IERD) commenced in 
November 2003. The expected results of this project are to reduce the energy used 
in the construction of roads and also the energy used by the vehicles using the 
roads. The end result of this project will be produced as a piece of software that can 
be added on to the software tools currently used in road design in the world. 
At the First Partners Meeting it was proposed that the energy workgroup should 
select, due to time constraints, a pre-existing software package for modelling traffic 
operation on a road. There is available a number of software packages, the use of 
the World Bank HDM programme was also mentioned as a possible tool for 
modelling traffic operation.  
The aim of this submitted report is to carry out the evaluation of the HDM programme 
(Highway Development and Management system) from the point of view of its 
application in the IERD project.  

In the evaluation of the HDM programme (Version HDM-4), the attention was paid 
especially on how this software meet the necessary requirements i.e. to model the 
energy used by vehicles considering all essential aspects,  have open interface and 
be compatible with relevant software systems. 
This report contains the preliminary evaluation of the HDM programme. According to 
received comments and suggestions from the other participants in the IERD project, 
the final version will be prepared. 

2. Overview of HDM-4 
 
2.1 Introduction 
The Highway Development and Management (HDM-4) system represents a powerful 
system for the analysis of road management and investment alternatives. It 
estimates the costs for a large number of alternatives year-by-year for a user-defined 
analysis period, discounting the future costs. In order to make the comparisons, 
detailed specifications of investment programmes, design standards, and 
maintenance alternatives are needed, together with unit costs, projected traffic 
volumes, and environmental conditions. The model simulates, for each road section, 
year-by-year, the road condition and resources used for maintenance under each 
alternative, as well as the vehicle speeds and physical resources consumed by 
vehicle operation. Physical quantities involved in construction, maintenance and 
vehicle operation are predicted, and user-specified prices and unit costs applied to 
determine financial and economic costs. 
 
2.2 Structure of HDM-4 
The overall structure of HDM-4 can be briefly described as follows. There are three 
main areas of application for HDM-4 that correspond to the management functions: 
- Project analysis 
- Programme analysis 
- Strategy analysis 



Transport Research Centre (CDV)                  Integration of the Measurement of Energy Usage into Road Design 
 
 

  

These analysis tools operate on core data objects defined in one of four data 
managers: 
- Road Network 
- Vehicle Fleet 
- Road Works Standards 
- HDM Configuration 

Technical analysis within the systems is under taken using the models: 
- RD (Road Deterioration) 
- WE (Works Effects) 
- RUE (Road User Effects) 
- SEE (Social and Environment Effects) 

The HDM-4 system is designed to interface with external systems such as: 
- Databases 
- Technical models 

The analysis procedure is shown in Figure 1, more comprehensive details of the 
HDM-4, especially concerning vehicle operation, are provided in the following 
chapters. 
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Figure 1:  Analysis procedure 

 
 

 
 

 
 
 
 
 
 
 
 

 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 

 
 
 

INPUTS MODEL OUTPUTS 

Vehicle type, volume, growth, 
loading, physical parameters, 
terrain, materials, rainfall, 
geometry, thickness, unit costs 

Start of analysis loop 

Pavement type and strength, ESA, 
age, condition Road Deterioration 

Cracking, ravelling, pot-
holes, rut depth (paved); 
gravel thickness (unpaved); 
roughness 

Road geometry and roughness; 
vehicle speed, type; congestion 
parameters; unit costs 

Road User Effects 
Fuel, lubricant, tyres, 
maintenance, fixed costs, 
speed, travel time, costs 

Maintenance strategy 
Maintenance Effects 

Road geometry and surface 
texture, vehicle characteristics Social and 

Environmental Effects 

Levels of emissions and 
traffic noise, number of 
accidents, amount of 
energy consumption 

Developmental, accident, 
environmental, and other 
exogenous costs and benefits 

Economic Analysis 
Costs and benefits, including 
exogenous benefits 

Cracking, ravelling, pot-
holes, rut depth (paved); 
gravel thickness (unpaved); 
roughness; maintenance 
quantities 

Return to start of 
analysis loop 

Total costs by component; net 
present values and rates of 
return by section 
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2.3 Core data objects 
Import and Export functions, built into the modules, provide a mechanism for data 
transfer between existing databases and HDM-4 modules. The data exchange format 
uses standard data file formats to encourage its wide adaptation by road 
organisations. 

There are the following four data managers (folders): 

Road Network 

Contains data defining the road network or sub-network that will be the basis of the 
analysis. 
Road Network provides the basic facilities for storing characteristics of one or more 
road sections. It allows users to define different networks and sub-networks, and to 
define road sections, which is the fundamental unit of analysis. The data entities 
supported within the road network are: 
- Sections 

Lengths of road over which physical characteristics are reasonably constant. 
- Links 

Comprise one or more sections over which traffic is reasonably constant. This is 
provided for purposes of compatibility of the network referencing system with 
existing pavement managements systems. 

- Nodes 
Intersections which connect links or other points at which there is a significant 
change in traffic, carriageway characteristics, or administrative boundaries. 

Vehicle Fleet 

Contains the characteristics of the vehicle fleet that will be operating on the road 
network being analysed. 
Vehicle Fleet provides facilities for storage and retrieval of vehicle characteristics 
required for calculating vehicle speeds, operating costs, travel time costs and other 
vehicle effects. 

Road Works Standards 

Contains the specifications for maintenance and improvement standards that will be 
applied to different road sections to be analysed. 

HDM Configuration 

Contains all of the default data to be used with the data analysis; a set of default data 
will be provided with the system, but users will be able to modify it to reflect local 
circumstances. 
 
2.4 Interface to external systems 
HDM-4 has also the ability to interface to external systems: 
- Between databases, road network information systems, pavement management 

systems, and the like, through a file converter. 

- Technical models can be accessed directly by external systems for research 
applications or other studies. 
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Any of the HDM-4 libraries/modules may be integrated with existing pavement 
management systems. Data import and export functions built into HDM-4 applications 
can be used to exchange data with external databases using standard data transfer 
specifications including ODBC. 
 
2.5 User interface 
The user interface has been improved by developing the system to run on an IBM-
compatible PC in a Microsoft Windows environment. System design is modular to 
enable different technical modules to be used relatively easily and to facilitate future 
system operation on other non-Windows platforms, such a UNIX, PowerOpen. 
Considerably attention has also being paid to the data that must be entered by users, 
particularly because the total data requirement is great in order to allow for the 
extended facilities included in HDM-4. Users may choose the extent to which defaults 
are used, and run the system using a level of data entry detail that is appropriate to 
their particular application. Complete details of the data requirements for HDM-4 are 
given in Part F in [2]. 

3. Description of HDM-4 outputs 
 
3.1 Introduction 
Standard outputs that can be generated from HDM-4 are described. The outputs 
have been categorized as follows: 
- Tabulated input data 
- Results of analyses 

Input data 

Printout of tabulated input data, with appropriate headings, is useful for checking, 
reviewing and updating the information that will be used in a study. All key input data, 
which affect the results of analyses significantly, should be printed to accompany the 
reports. 
The input data used in a project analysis are grouped as follows: 
- Analysis parameters 
- Road network characteristics 
- Vehicle fleet data 
- Traffic data 
- Investment standards and alternatives 

Analysis results 

The results of analyses to be performed within HDM-4 have been grouped as follows: 
- Deterioration/works effects 
- Road user effects 
- Environmental effects 
- Energy use 
- Cost streams 
- Others 
- User-definable reports 
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3.2 Details of analysis results 
These are presented in tabular format, but where appropriate, a graphical format 
(chart) is also available. 

Deterioration/works effects 

This group includes the following types of reports: 
- Timing of works 
- Pavement condition versus time 
- Pavement strength 

Structural Number of Pavement (SNP) versus time 
- Changes in road surface types during the analysis period 
- Traffic data 

• Annual Average Daily Traffic (AADT) 
• Vehicle axles (YAX) 
• Equivalent Standard Axle Loads (ESAL) 

- Maintenance works 
Quantities involved in each section alternative 

- Summary deterioration reports 
Includes works quantities, average condition and traffic data (by alternative). 

Road user effects 

The reports involving road user effects include the following parameters: 
- Vehicle Speeds 

• Free speeds 
• Average operating speeds 
• Operating speeds by traffic flow periods 

- Traffic flows 
• Hourly traffic flows (PCSE/hr) 
• Volume-capacity ratios 
• Normal and diverted traffic (vehicles per day) 
• Generated traffic (vehicles per day) 
• Total traffic (vehicles per day) 

- Vehicle resource consumption 
• Fuel consumption 
• Lubricating oil consumption 
• Tyre consumption 
• Parts consumption 
• Maintenance labour hours 
• Crew hours 
• Depreciation 
• Interest 

- Time resource consumption 
• Passenger working hours 
• Passenger non-working hours 
• Cargo transit hours 

- Work zone effects (not included in this software release) 
• Delay hours 
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• Additional vehicle operating costs 
- Road safety 

• Number of fatal accidents 
• Number of injury accidents 
• Number of damage-only accidents 
• Total number of accidents 

- Summary reports 
Road user effects summary reports by investment alternatives. 

Environmental effects 

The reports on environmental effects include the following: 
- Vehicle emissions 

Time streams of quantities for the following components: 
• Hydrocarbons (HC) 
• Carbon monoxide (CO) 
• Nitrogen oxide (NOx) 
• Sulphur dioxide (SO2) 
• Carbon dioxide (CO2) 
• Particulates (Par) 
• Lead (Pb) 

- Net change in vehicle emissions 
For each comparison of investment alternatives. 

- Traffic noise levels 
Measured at selected sites (worst performance level). 
Note: The modelling of traffic noise is not included in this software release. 

Energy use 

The reports on energy use are available as follows: 
- National energy use and global energy use 

for each investment alternative. 
- Renewable and non-renewable energy use 

for each investment alternative. 

Cost streams 

The reports of cost streams are divided into the following subgroups: 
- Road agency costs 

These costs will be reported under user-defined budget categories for each of the 
following cost categories: 
• Economic 
• Financial 

- Road user costs 
Measured in economic and financial terms. 
• Vehicle operating costs 
• Travel time costs 
• Accident costs 
• Total road user costs 

- Net exogenous costs 
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- Total transport costs 
- Cost streams summary reports by investment alternatives 

Economic comparison summaries/indicators 

The reports on economic analysis include the following: 
- Economic indicators 

• Net Present Value (NPV) 
• Internal Rate of Return (IRR) 
• Net Benefit Cost Ratio (NBCR) 

(or Net benefit per investment cost, NPV/C) 
• First-Year Benefits (FYB) 

- Present values of costs 
• Road agency costs 
• Road user costs 
• Net exogenous costs 
• Total transport costs 

- Present values of benefits 
• Decrease in road agency costs 
• Saving in road user costs 
• Net exogenous benefits 
• Savings in total transport costs 

User-definable reports 

Users may specify their own desired types of reports, which are different from those 
presented above. The user-definable reports are generated using proprietary report 
writer software (Crystal Reports). For example users may wish to adopt the following 
criteria: 
- Aggregation of analysis results 

For example, according to vehicle classes and road links. 
- Export reports 

Selection of tables or different types of reports to be exported to spreadsheets 
and amalgamated into single reports. 

Detailed specification of data groups (i.e. Road network data, Vehicle fleet data, 
Traffic data, etc.) is given in Part F in [2]. 
3.3 Export file formats 

Road Network export file format 

Export files are stored using the dBase file format (.dbf); they can be created/ edited/ 
viewed using a wide range of utilities including database tools such as Microsoft 
Access, and spreadsheets such as Microsoft Excel. 
A Road Network export file consists of one record for each Section in the 
corresponding network. Each record consists of 157 fields, one for each possible 
Section parameter. Certain numeric fields are used to store enumerated values (see 
List 1, Annexes, p. 19). For a fuller description of all the parameters stored in the 
various fields, please refer to the relevant parts of [4]. 
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Vehicle Fleet export file format 

Like for the Road Network export file format, the similar description is valid for the 
Vehicle Fleet export file format. Concerning enumerated values, please see List 2, 
Annexes, p. 20. 

4. Modelling of the energy used by motorised vehicles in HDM-4 
 
4.1 Introduction 
The energy used in the road transport sector forms a significant share of total energy 
consumption in most countries and, therefore, energy effects need to be considered 
in the assessment of alternative investment policies and projects. By adopting 
projects and policies that minimise energy use, related benefits such as reduced 
vehicle operating costs, reduced pollution, reduced dependency on imports of 
energy, etc. can be maximised. 
The analytical framework, for assessing the energy implications of road investment 
projects and strategies, considers a number of parameters. These have been 
classified into three energy use categories: 
- Energy used by motorised vehicles 
- Energy used by non-motorised vehicles 
- Energy used during the construction and maintenance of road networks. 

HDM-4 deals in detail with the first two mentioned categories. The following part of 
this chapter is focused especially on the first category i.e. energy used by motorised 
vehicles. 
Before dealing with the energy analysis, the relevant terms and partial models 
involved in the energy analysis will be presented. 
 
4.2 Road user effects 
The cost of transport is often referred to as “vehicle operating costs” (VOC) or “road 
user effects” (RUE). Figure 2 (Annexes, p. 21) shows the components of the RUE. 
VOC reflects the components specifically associated with vehicle operation (the left 
column of boxes in the figure), RUE reflects all components. 
 
4.3 Representative vehicles 
Since it is not possible to model each individual vehicle in the traffic stream, 
representative vehicles are used for calculations. These are vehicles whose 
characteristics can be considered to be representative of all vehicles within a certain 
class. 
For HDM-4 the decision was taken to make the model flexible with respect to the 
number of representative vehicles which could be used in the analysis. The user is 
able to define any number of vehicles. This enables the user to have, for example, 
several heavy trucks but with different loading patterns. On the basis of the vehicles 
adopted in different studies, the default representative vehicles in Table 2 (Annexes, 
p. 22) were adopted for HDM-4. For modelling RUE in HDM-4, it is necessary to 
assign certain key characteristics to the representative vehicles. The basic data for 
each of the 16 representative vehicle types are also given in Table 2 (Annexes, 
p. 22).  
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4.4 Forces opposing motion 
Mechanistic models predict that the VOC are proportional to the forces acting on the 
vehicle. For HDM-4 mechanistic models were adopted for the modelling of fuel and 
tyre consumption, mechanistic/behavioural models were adopted for predicting 
speeds. 
According to equations discussed in detail in [5], the following forces opposing 
motion are quantified in terms of the vehicle characteristics: 
- aerodynamic resistance 
- rolling resistance 
- gradient resistance 
- curvature resistance 
- inertial resistance. 

4.5 Free speeds 
Speeds also influence many of the road user effect (RUE) components, particularly 
fuel and tyre consumption. Accordingly, predicting speed is an important component 
of HDM-4. The HDM-4 free speed prediction model is presented in [5]. The 
presentation commences with an overview of the influencing speeds. This is then 
followed by a description of the HDM free speed model and the application of the 
model in HDM-4. 
 
4.6 Effects of volume on traffic flow 
Traffic interactions result in speed fluctuations and a decrease from the free speed. 
These interactions lead to additional fuel and tyre costs while the decrease in speed 
leads to an increase in travel time. Consequently, it is important to consider traffic 
interactions in any analysis with moderate to high traffic levels. 
The effects of volume on traffic flow are addressed in [5]. The effects in two separate 
areas are considered: 
- Speed effects are the reduction in speeds from the free speed that arise with 

increasing traffic volumes. 
- Acceleration effects are the vehicle accelerations and decelerations at different 

levels of traffic volumes. As traffic volumes increase there is an increase in the 
frequency and magnitude of accelerations and decelerations. This in turn has a 
significant impact on the road user costs. 

Both of these are considered in HDM-4 to provide an integrated model for analysing 
the effects of traffic volumes on road user effects. The presentation in [5] opens with 
an introduction to highway capacity speed-volume effects. This is then followed by 
discussions of passenger car equivalencies, the HDM speed-volume model, and the 
HDM-4 acceleration-volume model. 
 
4.7 Fuel consumption 
Fuel consumption is a significant component of VOC, typically accounting for 
between 20 and 40 per cent of the total VOC. It is influenced by traffic congestion, 
road condition and alignment, vehicle characteristics and driving style, so it is 
sensitive to virtually any investment decisions on the road network. The energy in the 
fuel consumed by a vehicle is utilised to overcome a variety of demands [5]. Of the 
total fuel consumed, over 60 per cent of the total energy is expended as heat through 
the coolant system and the exhaust. Only 18 per cent of the total energy in the fuel is 
available to propel the vehicle along the road under typical urban driving conditions. 
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For highway driving conditions, this percentage is increased to over 25 per cent, 
primarily by reducing the standby component.  
The manual [5]  describes the fuel consumption model adopted for HDM-4. It 
commences with a summary of the various types of fuel models available from the 
literature and presents the modelling approach and fuel model adopted for HDM-4. 
The implementation of this fuel model for predicting steady state fuel consumption is 
given. The particular chapter closes with a discussion of the additional fuel 
consumption due to traffic congestion. 
 
4.8 Tyre consumption 
Tyre consumption can be a major component of the total road user costs, particularly 
for heavy trucks. Tyres are consumed continuously as vehicles travel and there are 
two principal modes of tyre consumption: 
- tread wear 
- carcass wear. 

The manual [5] presents the factors influencing tyre consumption. They can be 
broken down into two distinct groups: those which influence the rate of tyre wear per 
unit of energy and those which dictate the energy to the tyre. The principal factors 
include: 
- pavement condition 
- road alignment 
- traffic conditions 
- vehicle loading 
- climate 
- tyre properties. 

The mechanistic tyre consumption model adopted for HDM-4 has been designed to 
explicitly or implicitly consider the main factors influencing tyre consumption. It is 
flexible enough to cater for a range of tyre types and operating conditions. It also 
models carcass failure and the impact of retreads on tyre costs. The description in [5] 
commences with a review of the research into predicting tyre consumption. This is 
followed by a description of the HDM-4 mechanistic tyre model. A set of calibrated 
parameters for this model is given along with examples of its predictions.  
 
4.9 Maintenance and repair costs 
Vehicle maintenance and repair costs (hereafter called maintenance costs) are 
comprised of two components: parts consumption and labour hours. Maintenance 
costs are often a significant contributor to the benefits from road improvements. In [5] 
the maintenance model adopted for HDM-4 is discussed and coefficients for its 
application are presented. 
The quantification of parameters for the parts model was particularly problematic. 
There is a consensus of opinion that improvements in vehicle technology and other 
factors give modern technology vehicles lower maintenance costs, and that they are 
also less sensitive to roughness. However, there have been relatively few studies 
done to verify this opinion, particularly with passenger cars.  
Congestion will increase parts consumption due to the additional forces acting on the 
vehicle. Instead of using mechanistic theory the marginal maintenance costs are 
assumed to be a function of the marginal fuel consumption due to congestion. An 
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increase of 10 per cent in the maintenance costs for each 100 per cent increase in 
fuel consumption is proposed as the initial estimate. 

4.10  Engine oil consumption 
Engine oil consumption constitutes a very small component of the total running costs 
and has therefore not been researched to the same detail as other RUE components. 
Because of this, there was proposed to exclude oil consumption from HDM-4 but 
feedback from reviewers indicated that for completeness it should be included. [5] 
presents the oil consumption model adopted for HDM-4. It commences with a brief 
summary of the research into oil consumption. This is then followed by a description 
of the HDM-4 model and examples of its predictions. 
4.11  Energy analysis (motorised vehicles) 
Table 1 lists the energy use associated with vehicle production and use. 
As described in Chapter 4.4, the forces opposing motion govern the power 
requirements, and thus the energy usage, of the vehicle. Thus, the energy consumed 
by motorised vehicles is influenced by vehicle size, design and age, road and traffic 
conditions. The energy balance analysis considers fuel consumption, lubricating oil 
consumption, tyre wear, and vehicle parts consumption. 
 
Table 1:  Energy Use Associated With Vehicle Production and Use 
Major Sections Sub-sections 

Raw material extraction 
Feed stock transportation 
Processing 

Fuel Production 

Fuel distribution 
Raw material extraction 
Processing 
Component manufacture 
Component transportation 
Assembly 

Vehicle Manufacture 

Vehicle distribution 
Fuel consumption 
Oil consumption Vehicle Use 
Tyre wearing 
Component manufacture Vehicle Maintenance and Support 
Distribution 

          Source: [5] 
 
Fuel consumption 
The HDM-4 fuel consumption model mentioned in Chapter 4.7 predicts the fuel use 
in L/1000 km for petrol and diesel vehicles using mechanistic principles. For analyses 
involving comparison with these vehicles, the energy consumption of alternative 
fuelled vehicles can be estimated by applying scale factors which relate the 
calculated energy consumption of petrol or diesel vehicles to the energy consumption 
of various alternative fuelled vehicles. 
Different transport fuels have different calorific values. Thus in order to compare the 
average fuel use should be converted using the energy content values (given in 
Table C3.2, p. 309 in [5]). 
Lubrication oil consumption 
The HDM-4 oil consumption model predicts the oil consumption in L/1000 km. This is 
converted to an energy value using a conversion factor of 47.7 MJ per litre. 
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Tyre wear 
The tyre consumption in HDM-4 is predicted as the number of tyres per 1000 km. 
This is converted to an energy value using a conversion factor of 32 GJ/tonne of 
tyres. The weight of tyres is estimated using the values from Table C3.3, p. 310 in 
[5]. 
Maintenance and repairs 
The contribution of maintenance and repairs to the overall energy use is very small 
compared to the other components. Thus, the energy use associated with 
maintenance and support services would not be considered to be a significant aspect 
of the overall energy balance. 
The HDM-4 parts consumption model predicts the parts consumption in terms of the 
fraction of the new vehicle price per 1000 km. The energy use associated with this 
vehicle parts consumption is estimated by multiplying the energy used to produce the 
vehicle (see Table C3.4, p. 311 in [5]) by the fraction of the parts price to the new 
vehicle price. To calculate vehicle parts energy consumption per vehicle kilometre, 
the energy used to produce the vehicle parts should be divided by the vehicle 
cumulative kilometerage, at the time the parts are replaced. The typical energy used 
during a year can be divided by annual average vehicle kilometres to give vehicle 
maintenance energy use per vehicle kilometre. 
Fuel production and vehicle manufacture energy use 
If no local data exist, then default data such as that shown in Table C3.5, p. 311 in 
[5]  could be used to estimate the energy use associated with fuel production. Fuel 
production energy use on a vehicle kilometre basis is derived from the energy 
consumption during vehicle use. 
To estimate the energy used to manufacture other vehicle types, a first order 
approximation can be obtained by scaling 100 GJ by the ratio between the weight of 
a medium sized car and the weight of the other vehicle. Based on this approach 
Table C3.4 (p. 311 in[5]) shows some estimates of energy use for vehicle production 
for each of the default vehicle types in HDM-4. The energy used in the production 
process of each vehicle can simply be divided by the average total lifetime vehicle 
kilometres to give vehicle production energy use per vehicle kilometre. 
Energy balance framework 
Based on the approach mentioned in the previous chapters, the calculations required 
to compare the energy consumption implications of alternative transport policy 
options, are specified. The outputs that are required from an energy balance analysis 
are: 
- Total energy consumption 
- Total consumption of renewable and non-renewable energy 
- Total consumption of energy used nationally and energy used globally 
- Specific energy consumption. 

These can be reported by vehicle types or aggregated by vehicle class. 
The specific energy consumption is measured by the following indicators: 
- Average energy use per kilometre by mode 
- Energy use per passenger kilometre for passenger transport modes 
- Energy use per tonne kilometre for freight transport modes. 
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5. Conclusions 
The HDM programme (Version HDM-4) was evaluated from the point of view of its 
possible application in the IERD project. The main emphasis was laid on the ability to 
model realistically the energy used by vehicles, on interface and compatibility with 
relevant software systems. 

This submitted report should create the brief background document for comparison of 
HDM-4 with other potential programmes. In the case of the equivalence with another 
evaluated programme, the more detailed comparison of them would be advisable. 
HDM-4 deals with all relevant aspects of the energy used by vehicles and considers 
necessary data i.e. road network data, vehicle fleet data, traffic data, etc. 
Any of the HDM-4 libraries/modules may be integrated with existing pavement 
management systems. Data import and export functions built into HDM-4 applications 
can be used to exchange data with external databases using standard data transfer 
specifications including ODBC. Computer specialists can find more detailed 
information in the volume “Programmers Guide” which contains description of the 
software coding standard, interfacing, and methods for software maintenance and 
updates. 
The important advantage of HDM-4 is the credit of this software, worldwide spreading 
and support for users. 
Provided the acceptability of the depth of traffic simulation, the HDM programme 
seems to be a very powerful and suitable software tool for the purposes of the IERD 
project.  

HDM-4 represents very comprehensive programme and in the evaluation report only 
main aspects could be mentioned. Detail information is available in a number of 
volumes of user documentation and other sources (See References). 
Comments and suggestions, concerning this report with the preliminary evaluation, 
will be appreciated and will be reflected in the final version of the evaluation of the 
HDM programme. 
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AADT Annual Average Daily Traffic 
ESAL Equivalent Standard Axle Loads 
FYB First-Year Benefits 
HDM Highway Development and Management system 
IRR Internal Rate of Return 
NBCR Net Benefit Cost Ratio 
NPV Net Present Value 
NPV/C Net benefit per investment cost 
RD  Road Deterioration 
RUE  Road User Effects 
SEE  Social and Environment Effects 
SNP Structural Number of Pavement 
VOC Vehicle Operating Cost 
WE  Works Effects 
YAX Vehicle axles 
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List 1: Road Network export file format - enumerated values 
Values for the enumerated types are as follows: 
1 surface class 0 = bituminous, 1 = unsealed, 2 = concrete 
2 pavement type (B): 0 = AMBG, 1 = AMAB, 2 = AMAP,  

3 = AMSB, 4 = STBG, 5 = STAB, 6 = STAP,  
7 = STSB 
(U): 0 = gravel, 1 = earth, 2 = sand 
(C): 0 = JPCP dowels, 1 = JPCP no dowels,  
2 = JRCP, 3 = CRCP 

3 direction 0 = one-way, 1 = two-way 
4 bituminous 

surface 
material 

0 = AC, 1 = HRA, 2 = PMA, 3 = RAC, 
4 = soft bitumen mix, 5 = porous asphalt,  
6 = stone mastic, 7 = SBSD, 8 = DBSD,  
9 = cape seal, 10 = slurry seal, 
11 = penetration macadam 

5 SNP 
derivation 

0 = specified SNP, 1 = layer coefficients, 
2 = benkelman beam, 3 = FWD 

6 concrete 
subgrade 

0 = fine, 1 = coarse 

7 concrete joint 
seal 

0 = silicon, 1 = asphalt, 2 = preformed, 3 = none 

8 concrete base 
type 

0 = fine, 1 = granular, 2 = asphalt-treated,  
3 = cement-treated 

9 compaction 
method 

0 = mechanical, 1 = non-mechanical 

10 drain type 0 = fully lined and linked, 1 = surface lined, 
2 = v-shaped hard, 3 = v-shaped soft, 
4 = shallow hard, 5 = shallow soft,  
6 = no invert overgrown, 7 = no drainage effects 

11 drain 
condition 

0 = excellent, 1 = good, 2 = fair, 3 = poor,  
4 = very poor 

12 shoulder type 0 = non-concrete, 1 = mono-concrete,  
2 = tied-concrete 

13 NMT lane 
type 

0 = bituminous, 1 = concrete, 2 = block, 3 = gravel,  
4 = earth, 5 = sand 

List 2: Vehicle Fleet export file format - enumerated values 
Values for the enumerated types are as follows: 
1 category 0 = motorised, 1 = non-motorised (not currently 

supported) 
2 base type 0 = motorcycle, 1 = small car, 2 = medium car, 

3 = large car, 4 = light delivery, 5 = light goods, 
6 = four wheel drive, 7 = light truck,                  
8 = medium truck, 9 = heavy truck,                  
10 = articulated truck, 11 = mini bus, 12 = light 
bus, 13 = medium bus, 14 = heavy bus, 15 = 
coach 
or  
(NM): 0 = pedestrian, 1 = bicycle, 2 = rickshaw, 
3 = animal cart, 4 = tractor 
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3 class (MT): 0 = motorcycles, 1 = passenger cars,       
2 = utilities, 3 = trucks, 4 = buses 
or 
(NM): 0 = pedestrian, 1 = bicycle, 2 = rickshaw, 
3 = animal cart, 4 = tractor 

4 vehicle life 
model 

0 = constant life, 1 = optimal life 

5 mt tyre type 0 = radial ply, 1 = bias ply, 2 = super single 
6 weight units 0 = tonnes, 1 = pounds, 2 = kg 
7 power units 0 = hp, 1 = kW, 2 = mhp, 3 = ps 
8 fuel type 0 = petrol, 1 = diesel 
9 nm tyre type 0 = steel, 1 = pneumatic, 2 = wooden 
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Figure 2: Components of Road User Effects 
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Vehicle 
Number Type Description Abbreviation Fuel 

type 
Number 
of axles 

Number 
of wheels 

Aerodynamic 
drag Coeff. 

Projected 
frontal 

area (m2) 

Tare 
weight 

(t) 

Operating 
weight (t) 

1 Motorcycle Motorcycle or scooter MC P 2 2 0,70 0,8 0,1 0,2 

2 Small car Small passenger cars PC-S P 2 4 0,40 1,8 0,8 1,0 

3 Medium car Medium passenger cars PC-M P 2 4 0,42 1,9 1,0 1,2 

4 Large car Large passenger cars PC-L P 2 4 0,45 2,0 1,2 1,4 

5 Light delivery 
vehicle Panel van, utility or pickup truck LDV P 2 4 0,50 2,0 1,3 1,5 

6 Light goods 
vehicle 

Very light truck for carrying goods (4 
tyres) LGV P 2 4 0,50 2,8 0,9 1,5 

7 Four wheel drive Landrover/Jeep type vehicle 4WD P 2 4 0,50 2,8 1,5 1,8 

8 Light truck Small two-axle rigid truck (approx.< 3,5 t) LT D 2 4 0,55 4,0 1,8 2,0 

9 Medium truck Medium two-axle rigid truck (> 3,5 t) MT D 2 6 0,60 5,0 4,5 7,5 

10 Heavy truck Multi-axle rigid truck HT D 3 10 0,70 8,5 9,0 13,0 

11 Articulated truck Articulated truck or truck with drawbar 
trailer AT D 5 18 0,80 9,0 11,0 28,0 

12 Mini-bus Small bus based on panel van chassis 
(usually 4 tyres) MNB P 2 4 0,50 2,9 1,1 1,5 

13 Light bus Light bus (approx.< 3,5 t)  LB D 2 4 0,50 4,0 1,75 2,5 

14 Medium bus Medium bus (3,5 – 8,0 t) MB D 2 6 0,55 5,0 4,5 6,0 

15 Heavy bus Multi-axle or large two-axle bus HB D 3 10 0,65 6,5 8,0 10,0 

16 Coach Large bus designed for long distance travel COACH D 3 10 0,65 6,5 10,0 15,0 

 
Table 2: Default representative vehicle classes and basic characteristics 

 
 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

   
TMI/TSA  
Ulf Hammarström/Bo O Karlsson 
 

VETO IERD 
 

1. Introduction and main menu 
 

 
 
The VETO program has been in use at VTI since approximately 1985. There is one 
most detailed program documentation: VETO – a computer program for calculation of 
transport costs as a function of road standard.1  
There have been several validation studies. One more important is documented in: 
Measurement and simulation of vehicle exhaust – driving with and without a caravan 
in different test cycles.2 
 
A data structure for VETO 2000 is presented in Appendix 1. The main idea behind 
VETO2000 is that a user will have a high degree of freedom in combining existing or 
new input files. 
 

                                                
1 VTI meddelande 501. Linköping. 1987.(Swedish) 
2 VTI meddelande 856. Linköping. 1999.(swedish) 



 

 

In the IERD project there is only need for energy data. A special version has been 
adjusted to this limited need of output data. This adjustment reduces the need for 
input data considerably. 
 
There are three levels of data: 

• basic data 
• input data i.e. combinations of basic data files  
• run data/scenario 

The idea behind these three levels is to simplify the use of the program. Basic data is 
on a most detailed level. The other two levels correspond to groups of basic data. 
 
Basic data: the user gives input data to create a file. There are three main types of 
files: vehicle; road; driving behaviour. The number of files per group varies between 1 
and 5. For example vehicle includes:  

• motor vehicle description: chassis; engine; tyres and transmission 
• trailer vehicle description. 

Engine data includes a further split of data into more detailed levels. 
 
Input data: Calculations are done for a combination of input data files. There are four 
types of input data: vehicle, road, driving behaviour and weather. Each type of input 
data includes one or more basic data files. For example vehicle input data can 
include up to 5 types of basic data files. Weather data has mainly a character 
corresponding to basic data but since there is only need for one file this type of data 
has been located to Input data. 
 
File extensions:  different types of files are recognized by means of file extensions. 
All such extensions, both basic and input data, are listed in appendix 2. 
 
Run: in order to make a calculation the user selects an input data set of each type 
which then constitutes a scenario. A data run can only be made for one vehicle, one 
road, one driving behaviour and one type of weather at a time. 
 
Output: standard VETO output. Just one alternative which includes all data on two 
levels: 

• one on an aggregated level  
• one on a section level. 

 
Help: at present only manual help from VTI is offered 
 
Exit: the program is closed 
 



 

 

2. Input data 
There are four types of input data sets: vehicle; road; driving behaviour and weather. 
Weather has the same character as basic data. For the other three types there are 
common rules. 
 
The available input data sets are listed if the user marks Data set file or Read. 
 
A number of existing input data sets are then presented. Each set includes all basic 
data files chosen for that set. By marking one of the listed input data set files all basic 
data files in that dataset will appear.  
 
By marking different basic file types all available files of that type will appear in the 
frame down to the right. 
 
A new input data set can be created by combining existing basic data files in a new 
way. This new data set then must be given a unique file name. An existing input data 
set can be changed by selecting an alternative basic file. By using the save 
command the new input data set is created. 
 In order to delete an input file one has to go into the VETO IERD file catalogue. It is 
not possible to delete a file inside VETO. 
 
Read: by marking read all available data set file names are listed down to the right. If 
one such file name is marked all basic file names included in the data set are listed. 
 
Save gives the possibility to put a new input data set with a unique file name in the 
register. 
 
Exit: back to the main menu. 
 



 

 

 
2.1 Vehicle 
 

 
 
A vehicle input data set includes a complete description of the motor vehicle and of 
the trailer. 
 
The available input data sets are listed if the user marks Data set file or Read. 
A number of existing input data sets are then presented. Each set includes an 
engine, a vehicle chassis, a transmission and a tyre file. By marking one of the listed 
data set files all basic data files in that dataset will appear. A new input data set can 
be created by combining existing basic data files in a new way. This new data set 
then must be given a unique file name. By using save the new input data set is 
created. 
 
By marking different basic file types all available files of that type will appear in the 
frame down to the right. By marking one of these files this file will be included in the 
vehicle input data set. 
 
The motor vehicle description includes: engine, vehicle chassis, transmission and 
tyre basic data. By marking one of these file types all available basic files of that type 
are listed. 
 
The trailer description includes vehicle chassis and tyre basic data.  
 
Read: by marking read all available data set file names are listed down to the right. If 
one such file name is marked all basic file names included in the data set are listed. 
 



 

 

Save gives the possibility to put a new input data set with a unique file name in the 
register. 
 
Exit: back to the main menu. 
 
 
2.2 Road  
 

 
 
A road input data set includes road geometry and road surface. By marking: 

• Data set file or Read, all  road data sets appear  
• Road geometry, all available road geometry basic files appear  
• Road surface, all road surface basic  files appear  

 
The user can then mark the files which are going to describe a new input data set. 
 
Read: one of a number of existing road input data sets can be chosen. By marking 
read all available road input data sets are listed. 
 
Save gives the possibility to put the new input data set with a unique file name in the 
data set file register. 
 
Exit: back to the main menu. 
 



 

 

2.3 Driving behaviour  
 

 
 
The user combines existing files to input data sets. There are three types of files: 

• goal speed  
• gear  change  
• special goal speed.  

A driving behaviour input data set should represent one vehicle type. However there 
is no demand that a vehicle input data set must be combined with a driving behaviour 
data set for the same vehicle type. 
 
Goal speed: to create a new input data set mark one file representative for the same 
vehicle type. 
 
Gear change:  to create a new input data set mark one file representative for the 
same vehicle type. 
 
Special goal speed: there is no demand to include this file type in the data set. In 
order to include this data in a data set mark one file for the same vehicle type. A 
basic file of this type is only valid for one road description.  
 
Read: one of a number of existing input data sets can be chosen. The selection of 
one data set specifies the basic file names the data set is built from. By marking each 
file type all available files of that type are listed.  
 
Save gives the possibility to put the new input data set with a unique file name in the 
register. The file name should include a term for the vehicle type in question. 
 
Exit: back to the main menu. 
 



 

 

2.4 Weather  
 

 
 
The user chooses an existing weather and road surface condition file. 
 
Data given in this picture influences the tractive force. Wind speed and air data 
influence air resistance. Road surface conditions influence rolling resistance. 
 
The meteorological wind speed (m/s) will influence the air resistance. 
 
Special angle is used to describe the angle between the moving direction of the 
vehicle and meteorological wind. If there is no value from the user there will be an 
“average” alternative. “Average” calculations are done for 4 directions: head wind; 2 
times 90 degrees and tail wind. 
 
Temperature: will influence air density and air resistance. (ºC) 
 
Pressure: will influence air density and air resistance.(bar) 
 
Snow on the road can be packed or being loose with some depth (mm). If a snow 
depth is given by the user there will be a calculation for these conditions.  
 
Density of the snow will vary with temperature and with number of vehicles having 
passed the snow surface. (kg/m3) A typical value could be 100 kg/m3. 
 



 

 

In most cases there are tracks in the loose snow i.e. the tyre will be exposed for a 
combination of packed and loose snow. Give the exposure for loose snow for the 
wheels on the first axle of the motor vehicle. (%). There will be an adjustment for 
exposure on other axles than the first based on exposure for the wheels on the first 
axle. 
 
The principle for describing a wet road surface is identical to the description of a 
snow surface. 
 
Read: one of a number of existing input data sets can be chosen. By marking each 
file all available weather files are listed. 
 
Exit: back to the main menu. 
 
 



 

 

3. BASIC DATA 
 
 
3.1 Vehicle 
There are two vehicle descriptions, one for the motor vehicle and one for the trailer. 
 
 
3.1.1 Motor vehicle description. 
 
 
3.1.1.1 Chassis 
 

 
 
This description includes: air resistance, masses and data for axle arrangement. 
 
Press Read and existing file descriptions are presented. The other alternative is to 
create a new file based on new data or a change in existing data. 
 



 

 

Air resistance is based on the cross sectional area and on the air resistance 
coefficient (Cd) and on corrections (KCL) for different angles (degrees) between the 
direction of the vehicle and resulting wind.3 
Cd shall represent the value for a=0º. Values for KCL are default. 
 
Masses: to describe the vehicle mass give the empty vehicle weight and the max. 
load weight for the vehicle. The load weight is described by means of the max load 
and the load factor (w%). Maxload for a tractor (semitrailer) must be equal to zero. 
 
In order to reach form 2 of the motor vehicle chassis description mark form 2. 
 

 
Axle/wheels influence driving resistance. 
 
Number of axles: normal values should be one axle in the front of the vehicle and 
one or two axles in the rear. One arrangement, not that frequent, is two axles in the 
front. 
 
Number of wheels per axle: two or four wheels per axle. This information is used to 
describe the exposure for each wheel of road conditions. There will be different road 
conditions, if wet or snow, for the wheels on the front axle and wheels on other axles. 
 

                                                
3 Proposed values for KCL (a;KCL): 

• ����1�2�3�42�15�2�3��42�1��2��3��42�16�2�4�

• ���� ��1�2�3�42�1��2��3�642�1��2��3�642�16�2��4�

• ���� �7���������1�2��3�42�1��2��3�42�1��2��3�42�16�2��4�

�
 



 

 

Wheelbase in boggie: in horizontal curves the boggie will generate force moments. 
These moments will result in braking forces on the wheels in the boggie. The 
wheelbase is input in the routine used to describe these moments. 
 
In order to get back to form 1 of the motor vehicle chassis description mark form 1 at 
the bottom of the picture. 
 
3.1.1.2 Engine 
There are two engine pictures: Engine and Fuel (Engine map). 
 

 
 
Engine data includes: fuel type, max torque curve, engine map file names etc. 
 
Swept volume: total swept volume of the engine (dm3). 
 
Moment of inertia: the moment of inertia of all rotating parts in the engine (kgm2). 
This data influence acceleration and deceleration.4 If there is a value >0 this is used, 
otherwise there is a value estimated by VETO. 
 

                                                
4 Proposed values: 
Light vehicles: JS=0,0129+0,0891*CV  (kgm2) 
HDV: JS=-0,321+0,244*CV  (kgm2) 
CV: swept volume (dm3) 



 

 

Auxiliaries: give the average power used in kW. 
 
Idling: engine speed (rpm) 
 
Fuel cut off: at full engine brake the fuel injection can be equal to zero. For petrol 
engines there can be injection of fuel in one engine speed interval but not in another. 
These engine speed limits for an interval with fuel cut off can be described here. 
 
Max torque curve is described by means of the max available torque per engine 
constant speed.  
 
Engine maps: by marking Engine maps all available fuel engine maps are listed. This 
is the connection between Engine and Engine map/fuel. Select in the map list what 
engine map to use for the engine. In input data, see 2.1, one just select Engine and 
the engine map comes with the engine. 
 
Read: by marking read all available engines are listed. 
 
Fuel (Engine map) 

 



 

 

 
An engine map describes fuel consumption or exhaust emissions as a function of 
engine speed and torque. 
 
VETO uses fixed steps of engine speed and engine torque. The user must specify 
these steps. The “stop” value for torque must be at least as high as the engine 
maximum torque. After these values have been feeded, they will replace the initial 
coding on the x- and y- axis. 
 
Fuel type: mark the alternative for the engine map. For the alternative diesel fuel, 
consumption at engine full brake, negative torque, will be =0. 
 
Density: in order to estimate volume there is need for density. (kg/l) 
 
Energy content: in the output fuel energy is presented. This energy amount is 
estimated based on energy content. (MJ/kg) 
 
Map Values: the dimension of these values shall be g/minute. 
 
3.1.1.3 Tyres 
 

 
 
Tyre input data is needed in order to describe the tractive force and tyre wear. Rolling 
resistance is one part of the tractive force. The dimension of tyres also influences the 
contribution to the tractive force caused by road surface conditions (water and snow). 



 

 

 
Radius: the radius without any load i.e. corresponding to the radius for the tyre in a 
horizontal position.(m) 
 
Correction factor for rolling radius: the effective rolling radius is smaller than the 
radius described above. In order correct for this the “geometric” radius is multiplied by 
a correction factor (<1).5 
 
Width: the width of the contact surface. This width influence rolling resistance in snow 
and from water on the road surface. (m) 
 
Rolling resistance: (Cr0+Cr1*VR) will be multiplied in VETO by the normal force (N). 
The dimension of resulting rolling resistance is (N). The dimension of V is (m/s). The 
resulting estimation of rolling resistance includes effects of road surface macro 
texture:6 
 
FXRHJ=-FZAHJ*((CR2+CR3*TD)/(CR2+CR3*0,5))*(CR0+CR1*VR) 
 
VR: speed (m/s) 
TD: macro texture Sandpatch  (mm) (see the road surface picture) 
 
CR0 and CR1 should represent rolling resistance on a smooth surface with macro 
texture 0,5 mm. If there are no values from the user VETO will choose typical values. 
 

                                                
5 If the radius has been estimated by moving a vehicle distance s with n wheel revolutions there is no need for 
correction of the radius=s/(2*3,14*n). 
6 The way influence of macro texture is expressed correspond to an assumption that if CR0 and CR1 change, the 
relative influence of macro texture on total rolling resistance is constant. If the absolute contribution from macro 
texture would be independent of CR0 and CR1 one has to make adjustments of CR2 and CR3. Such adjustments 
can be made based on the original values of CR0 and CR1 used when CR2 and CR3 were estimated: 

• light vehicles: CR0=0,012; CR1=0,00009; CR2=0,012; CR3=0,00073 
• heavy vehicles: CR0=0,00054; CR1=0,00009; CR2=0,0081; CR3=0,00032 



 

 

3.1.1.4 Transmission 
 

 
 
In order to describe engine speed and vehicle speed in parallel the gear ratio is 
needed. There also are energy losses in the transmission: mechanical losses and 
rotation losses. 
 
For rotation losses in gear boxes there are two alternatives: VETO estimation or own 
parameter values. For VETO-values, mark default. 
 
Rotating losses in gear box: these losses (W) are expressed as a function of engine 
speed (nr(rps))7. If no values from the user VETO will choose typical values. 
 

                                                
7 Light:  a0=0.035, a1=0.00042; PVX=PMX*NR*7,90*10-4*(a0+a1*NR) (W) 
Heavy:  PVX=PMX*4,64*10-5*NR1,62 (W) 
 



 

 

Rotating losses in final gear box: these losses (W) are expressed as a function of the 
incoming axle rotating speed (nrk(rps)) into the gear box8 . If no values from the user 
VETO will choose typical values. 

                                                
8 Light: b0=0.189, b1=0.00498; PBX=PMX*NRK*7,90*10-4*(b0+b1*NRK)  (W) 
Heavy: b0=7.17, b1=0.42; PBX=b0*(PMX/1000)b1*NRK 
 



 

 

3.1.2 Trailer vehicle description. 
There are two pictures to describe the trailer. The first one is for describing air 
resistance and vehicle masses. The second is for describing axle and wheel 
configuration. 
 

 
 
The air resistance data in the trailer picture represents the vehicle combination and 
replaces data for the motor vehicle. KCL is assigned default values by VETO if the 
user does not give any values9. 
 
Masses shall represent the trailer.  
  
 
 
 
 
 
 
 
 
 
9 Truck + trailer (a, KCL): (0; 1.0): (20; 2.0); (50; 2.0); (90; 0) 



 

 

 

 
For a semitrailer number of axles in front is equal to zero. 
 



 

 

3.2 Road 
 
 
3.2.1 Road geometry 
 

 
 
From one coordinate to the next all road data are constant. The reality with 
continuous changes in road parameters is then simplified in VETO to not continuous 
changes. The segmentation of a road is decided by the user. The finer the 
segmentation, the better the accuracy.  
 
Coordinate: calculations will be performed for a road link. The first coordinate value in 
direction 1 shall be the start of the road link. The last value is the end of the road link. 
The line values for the end coordinate shall represent the start of the next road link if 
there is one. Even if there will be no calculations for the next road link these values 
can influence the driving pattern of a vehicle at the end of the actual road link. 
For calculations in direction2: 



 

 

• if the desired speed for the last line is lower than for the second line from the 
end: the vehicle will have the desired speed for the last line entering the road 
link in direction 2 

• if the desired speed for the last line is higher than the desired speed for the 
second line from the end: the vehicle will have the desired speed for the 
second line from the end entering the road link in direction 2 

 
If a stop will be described the coordinate for the stop shall be in the Special Goal 
Speed. 
 
Road width and speed limit are used of the program to allocate desired speeds per 
road section, see 3.3. One combination of road width and speed limit gives goal 
speeds for four vehicle types. 
 
Gradient: the vertical alignment is described by means of gradients per block. A 
vertical curve is simplified to segments with constant gradients. (promille) 
 
Horizontal radius: the distance from the geometrical centre of a curve to the mid line 
of the road. (m) 
 
Super elevation There is no information about the direction of “Horizontal radius” or 
curve. In order to describe the resulting side force in a horizontal curve the 
contribution from super elevation will always be subtracted from the centripetal force. 
In normal conditions there should be a + sign in front of the super elevation. A minus 
sign in front of super elevation will increase the resulting side force in horizontal 
curves. 
 
New section: in order to have output data for a road with a split into different sections 
the user can give coordinates indicating the limit between two sections. 1 indicates a 
new section. There shall not be 1 in the start coordinate of the road or for the last line 
in the road description. If for example a road link to be described includes three road 
blocks/sections, four lines, and the user needs results per block there shall only be 1 
in the second line. 
 
 
The user gives data block by block. The length of a block follows the start coordinate 
for the block and the start coordinate for the next block i.e. the coordinate of the next 
line. Each time there is a change in at least one of the road data parameters a new 
block starts. The first line is the start of the first road block. All data in the first line are 
valid until the coordinate for the second line etc. 
  
A road description file represents direction 1. Each road description can be used for 
calculations in direction 1 or 2. A road block with uphill gradient in direction 1 will be 
downhill in direction 2. 
 



 

 

 
Surface type: this is only as information for the user. This information will not 
influence calculations.  
 
Macro texture: the user gives the texture expressed into Sandpatch (mm).9 In section 
3.1.1.3 the sub model for rolling resistance from macro texture is described. 
 
 
3.3 Driving behaviour 
There are three pictures available in order to describe Driving behaviour: goal speed 
(A), gear change –throttle opening-deceleration (B) and special goal speed (C). One 
can choose between: A+B or A+B+C. 
 
 
3.3.1 Goal speed 

                                                
9 A typical value for average Asphalt Concrete could be 0,5 mm. 



 

 

 
 
Goal speeds are given for combinations of speed limits and road widths. The user 
can change speed limits in the picture but not road width. 
Goal speeds correspond to average speed on a straight and horizontal road section 
for one vehicle type. For other road widths and speed limits, in road geometry, than 
in the table the program will interpolate. If a road link includes more than one block 
and there are different speed limits or road widths between blocks VETO will assign 
desired speeds from this table. The way desired speeds are handled: 

• if engine power enough the vehicle will drive with a speed equal to the desired 
speed on straight road blocks 

• if the desired speed in the next block is higher, the vehicle will keep desired 
speed for actual road block and start accelaration in the next block 

• if desired speed in the actual block is higher than in the next block the vehicle 
will decelerate so that the desired speed in the next block is reached at the 
start of the next block. 

 
 



 

 

3.3.2 Gear change, dv/dt. 

 
 
Gear change and dv/dt mainly constitutes data to describe speed changes. 
Use of max torque: in the engine picture the available max torque curve is presented. 
In different situations the driver uses different proportions of the available max torque 
at each engine speed: 

• acceleration. The actual speed is below the goal speed. In this situation the 
driver is supposed to use a fixed max proportion (%) of the available torque in 
order to accelerate the vehicle up to the desired speed if possible. 

• steady state speed: in order to keep the goal speed the driver uses a max 
fixed proportion (%) of the available torque. If this used torque is not enough to 
keep the goal speed the driver will accept that actual speed could be less than 
the goal speed until the vehicle reaches the next road block. 

 



 

 

Max engine speed: for all gear positions with exception for the highest this value 
limits engine speed (%). The max engine speed (rpm) will be equal to: (max engine 
speed (%))x(max engine speed (rpm) in the engine map picture). 
 
Min engine speed will influence the choice of gear position: 

• part load: normally when actual speed is equal to desired speed 
• full load: the actual speed is below the desired speed. 

 
Deceleration: when going from one speed level to a lower desired speed level this 
course follows feeded deceleration values. Deceleration levels are constant in speed 
intervals defined by the user. 
 
3.3.3 Special goal speed 
Special goal speed is used in order to describe local deviations from the general goal 
speed. One such file is always connected to a road description. 
 

 
 
This picture gives the possibility to describe special conditions. For example a steep 
downhill gradient with reduced goal speed. Data is given separately for direction 1 
and 2 respectively. 
 
Coordinate start: the start coordinate for alternative goal speed. If direction 2 one 
position on the road will have the same coordinate as for direction 1. (m). The 



 

 

coordinates given here must be identical to coordinates in the road description i.e. a 
special goal speed is always for one or more road blocks. 
If a stop will be described the start and stop coordinate are identical. This coordinate 
must exist in the road description file.  
 
Coordinate stop: the end coordinate for special conditions (m). The same demands 
as for coordinate stop. 
 
Speed: alternative goal speed for special conditions (km/h). 
 
Stop time: a stop time>0 will be represented of a vehicle stop and of idling fuel 
consumption (sec.). 
 



 

 

4. Run 
 

 
 
A calculation is based on an input data set for the vehicle, the road, driving behaviour 
and weather and road conditions.  
Mark one category of input data set and all available data sets of that type are 
presented down at right. Choose one data set of this type. Continue for all types of 
data sets. 
 
Directions: calculated effects for a road description depend on the difference in 
elevation between start and end. By choosing both directions this elevation effect is 
avoided. One can also choose just one direction at a time, direction 1 or direction 2. 
Direction 1 is the direction corresponding to data in ROAD GEOMETRY. 
 
Press RUN to start the calculation. A special window will appear. Press Enter. 
 
After calculations have come to an end select Exit. The results are presented in 
Output. 



 

 

5. Output 
 
 ********************************************************** 
 * C O N D I T I O N S * VETO-version / IERD 041207   16:21:28 2005-01-25 
 ********************************************************** 
 * INFILES :* 
 c:\veto_ierd\vehicle_desk\pb_eu.ved                     
 c:\veto_ierd\vehicle_desk\pb_eu.eng                     
 c:\veto_ierd\road_desk\irland_route_1.vla               
c:\veto_ierd\driving_desk\sweden_car.gea                
 standard.wea                                            
 
 ********************************************************** 
 * Vehicle * 
  Car/Van          
 Spring mass without load   802 Kg Air coefficient :0.33 
 Unspring mass              127 Kg Front area : 2.01 m2 
 Driver+passenger+load      252 Kg 
 Bruttoweight              1182 Kg 
 ********************************************************** 
 * Road and Weather conditions* 
 Namn :c:\veto_ierd\road_desk\irland_route_1.vla          
 Direction 1 and 2      Length = 25138 m 
 IRI    :      0.00 m/km 
 BI     :      0.  mm/km 
 Horisontel  curvature ADC : 19.79 grader/km 
 Vertical     curvature RF : 13.99 m/km 
 Texture  : Macro= 0.50 mm, Age  = Average 
 Weather    : Temp = 8 C, Wind =  2.5 m/sek 
 ********************************************************** 
 * Driving behaviour* 
 Max gas       =  90 %. Max   rpm   =  75 %. Gear change =  1.0 sek 
 Lower engine speed    = 1000 rpm. 
 Retardation levels 0-20 20-40  40-60   60-   km/h 
                    2.00  1.25   0.50   0.50 m/sek2 
 * R E S U L T * 
 ********************************************************** 
 Fuel/section  
   start stop     v   dm3/10km   MJ/10km 
      0   2246  75.17   0.63     20.6 
   2246   4706  93.09   0.62     20.2 
   4706   7656  95.85   0.59     19.2 
   7656  12569  96.67   0.65     21.1 
 
 Results 
    dm3/10km  MJ/10km  Density  Energy content 
      0.627     20.5    0.750         43.6 
 
 * Speed km/h  * 
   Mean   Max   Min   Stoptime[s]   Tot time[s]    
   92.3  97.0  50.0        0.           981. 
 ********************************************************** 
 * Energi Kwh/10km * 
    Pme     Pmbre    Phbre 
   1.67     0.03     0.00 
 ********************************************************** 

 
 



 

 

 
Output data includes: 

• a list of input files for the calculation 
• vehicle data 
• road and weather conditions 
• driving behaviour 
• fuel per section 
• energy. 

 
Fuel per section includes:  

• start and stop coordinate for the section;  
• fuel/10km 
• fuel total energy content, MJ/10km  
• average speed 

 
Energy includes: 

• pme: mechanical work of the engine 
• mechanical engine braking work  
• mechanical work in wheel brakes. 

 
 



 

 

Appendix 1 
 
Data structure at RUN and at INPUT DATA 

 

Goal 
Speed 
 .goa 
 

   Trailer 
    .thd 

Engine data 
      .eng 

Fuel map 
   .fue 

Engine   Tyre 
  .tyr    

Trans- 
mission     
.trm 

    Road 
geometry 
 .vla; .vta 

Road 
surface 
  .rsu 

041216    Scenario 
      .sce 

    Vehicle 
      .veh 

       Road 
         .roa 

Driving Behav. 
         .drs 

   Weather 
     .wea 

Vehicle  
data 

Motor- 
vehicle 
.vhd 

Gear 
change 
 .gea 



 

 

Appendix 2 
 
File name Extension  
 
Input data 
Vehicle input data   .veh 
Road input data   .roa 
Driving behaviour data  .drs 
Weather data    .wea 
 
Basic input data 
Vehicle:   Motor vehicle   .ved 
                Trailer    .thd 
Engine:    Engine data   .eng 
                Fuel   .fue 
Tyre     .tyr 
Transmission    .trm 
 
Road: Road geometry  .vla,.vta 
           Road surface  .rsu 
 
Driving behaviour: goal speed   .goa 
Gear change     .gea 
Special goal speed    .gos 
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The ability to use VETO in IERD 
  
VETO has been developed in order to estimate VOC (Vehicle Operating Costs) and 
exhaust emissions for “all” road measures. The major documentation is also available 
in English10.  
The IERD requirements are: 

• ability to model junctions, speed limits and horizontal and vertical alignments 
• open interface and compatibility with MX roads. 

  
VETO is a mechanistic model with detailed input data descriptions of: 

• the vehicle 
• the road geometry 
• the road surface 
• road surface conditions 
• meteorological conditions 
• driving behaviour. 

  
VETO calculations have been performed for the Swedish road object in the IERD 
project (rv 50, Motala). As examples of output, diagrams 1 and 2 show speed and 
fuel consumption for a truck with trailer for the two directions of the road. 
  

                                                
10 VETO – a computer program for calculation of transport costs as a function of road standard. VTI 
meddelande 501. Swedish road and transport research institute. Linköping. 1987. 
 



 

 

 
Diagram 1. Fuel consumption and speed for a truck with trailer on rv 50, direction 1, 
in Motala. 
  

 
Diagram 2. Fuel consumption and speed for a truck with trailer on rv 50, direction 2, 
in Motala. 
  



 

 

Aggregated output data are of course also available for: fuel consumption, exhaust 
emissions, tyre wear, speed etc. 
  
The description of the vehicle includes: 

• engine 
• transmission 
• wheels, including rolling resistance 
• air resistance coefficient 
• cross area 
• masses. 

  
The road geometry is described as in appendix 1. 
  
The road surface description includes: 

• macro texture 
• micro texture 
• road roughness (IRI). 

  
The description of road surface conditions include: 

• dry road surface 
• water depth on the road 
• snow depth on the road. 

  
Meteorological conditions include: 

• wind speed 
• air pressure 
• air temperature. 

  
The user of VETO can chose between two alternatives for the speed profile: 

• internal estimation of the speed profile 
• speed profile as an input. 

  
Internal estimation of the speed profile is equal to the speed profile of a free moving 
vehicle. The speed profile is calculated as a function of road geometry, speed limit 
and vehicle performance. The effect of junctions on a calculated speed profile can be 
accounted for through use of: 

• minimum speed in the junction 
• stop time. 

  
The minimum speed will be 0 for stopping vehicles and in the interval 20-30 km/h for 
turning vehicles. Input data on minimum speed and stop time must be provided by 
the user, unless a special model for such estimations is added. Such an extension 
would be a major effort and complication. 
VETO can also be used for calculations of more complex junctions such as grade-
separate ones, including all ramps. 
  



 

 

Energy efficient driving is in focus in phase 3 of the IERD project. The possibilities 
to influence energy efficient driving through road design will be based on the 
following knowledge: 

• energy use increase with increasing speed, mainly air resistance but also to 
some extent rolling resistance; 

• energy use increase due to energy loss when braking; 
• energy use increase when idling during stop time; 
• energy use increase when the side force increases; 
• energy use increase when the macro texture of the road surface increase (at 

the same speed); 
• energy use increase when the road roughness increase (at the same speed); 

and 
• energy use increase when the driver uses a lower gear. 

  
Desired speed increases when the road width increases; the horizontal radius 
increases and when the speed limit increases. 
  
Brake energy increases when the horizontal radius decreases, the gradient increases 
(downhill), the junction density increases and the interactions between vehicles 
increase.  
  
Improved road standard has major influences on energy use: 

• the speed will increase and the energy use will increase; 
• the brake energy will decrease; 
• the gear level will increase causing reduced transmission losses and 

increased engine efficiency, i.e. reduced energy use 
  
The overall effect depends on vehicle type. The normal case, increased energy use 
especially for lighter vehicles with improved road standard, can of course to some 
extent be reduced by a speed limit.  
  
The conclusion for “Energy efficient driving” in IERD is that the model used to 
describe energy use in traffic should be as representative as possible both regarding 
the description of forces acting on the vehicle and the description of the influence 
from road conditions on driving behaviour. If this is fulfilled, the user of the model can 
find the design of the road that best minimizes energy use in traffic by tests of 
different designs. 
  
There are two major levels of complexity in these models: 

• only free moving vehicles (geometrical interactions) 
• also vehicle interactions. 

  
If effects of vehicle interactions are to be included this must be at a simplified level if 
VETO is to be used. 
  
The energy use module of VETO is a minor part of the software. If only fuel 
consumption and the speed profile are to be calculated, the program code could be 
reduced significantly, which could be of importance for the technical documentation 
of VETO. 



 

 

The conclusion for the possibility to use VETO in the IERD project, without 
other requirements than calculation of energy use in a representative way, is 
that VETO can be used with anticipated good results. This also was the original 
basis for the Swedish participation in the IERD project. 
  
One important question in selection of a calculation model for energy use in traffic 
could be the size of the relative effects to be described and with what accuracy. The 
experience of VETO when used for evaluation of Swedish road objects has often 
been that the magnitude is a few some percentage units. This expresses the need for 
detailed input data descriptions and the need for a model able to handle these data in 
a representative way. If the alternatives are a very poor road standard in the before 
situation and high standard in the after situation, there might possibly be a major 
decrease in fuel consumption. 
  
The effects of different road surface standards can be expected to be a few percent. 
  
In order to make progress in this part of the IERD project, there are some steps that 
can be taken independently of the final choice of model and which are necessary for 
these types of calculations. In general, the data needed are: 
road description data for all IERD roads. The same type of data is needed as used 
for VETO, see appendix 1; 

• vehicle data; and 
• driver behaviour data. 

  
For road data, see example in appendix 1. 
  
Some examples can be given of vehicle type definitions in different models. 
The vehicle types in HDM-4 are11: 

• motorcycle 
• small car 
• medium car 
• large car 
• light delivery vehicle 
• light goods vehicle 
• four wheel drive 
• light truck 
• medium truck 
• heavy truck 
• articulated truck 
• mini-bus 
• light bus 
• medium bus 
• heavy bus 
• coach 

  
The vehicle types in ARTEMIS12 are light duty vehicles and heavy duty vehicles.  

                                                
11 Modelling road user and environmental effects in HDM-4 



 

 

Light duty vehicles: 
• passenger cars 
• light duty goods vehicles 
• light duty passenger vehicles 
• two-wheeled vehicles. 

  
Heavy duty vehicles: 

• heavy goods vehicles: 
-         rigid trucks 
-         truck and trailers 
-         articulated trucks 

• buses 
• coaches. 

  
All heavy vehicle types in ARTEMIS are also split into a number of weight and age 
classes. 
  
The more vehicle types that are available as default, the less need for the user to 
supply vehicle data. The user must of course provide information on the distribution 
of vehicle types. This type of data is available in national vehicle registers. 
  
One minimum level of input data needed could be average weight and engine power 
for all vehicle types. 
  
Driver behaviour data: 

• desired speed as a function of road type section and speed limit  
• desired speed as a function of horizontal radius, length of the curve and road 

width. 
• desired speed as a function of road gradient (downhill) 
• acceleration level as a function of speed after stops or other speed reductions 
• retardation level as a function of speed in different traffic situations 

behaviour when using gear box. 
  
In the first item, the speed should be equal to measured speed on straight horizontal 
road sections. 
  
If there are junctions on the selected road object there is need for additional data. 
The road object can be split into links, i.e. the road in one direction between two 
junctions.  
  
For each such link is needed: 

• the proportion of the traffic flow turning into the link in the junction upstream 
• proportion of the flow turning out from the road link in the junction downstream 
• proportion of turning vehicles having to stop 
• stop time for stopping turning vehicles 
• average minimum speed for turning vehicles not stopping 

                                                                                                                                                   
12 Assessment and Reliability of Transport Emission Models and Inventory Systems (EU project) 



 

 

• proportion of vehicles going straight ahead and stopping 
• stop time for straight ahead going vehicles. 

  
Traffic flow data needed for each link are: 

• total average traffic of the years of interest 
• distribution on different vehicle types 
• load factors for buses and for trucks 

  
In a road planning situation, at least data for the road description and for traffic flows 
must be available. 
  
If stop frequency, stop time and proportion of turning vehicles are to be estimated, 
traffic flows in all approaches to junctions must be included. 
  



 

 

                                                        Appendix 1 
  
  
Coordinate 
(m) 

Road 
Width (m)* 

Speed 
Limit 
(km/h) 

Gradient 
(%) 

Horizontal 
Radius 
(m) 

Super 
elevation 
(%) 

0 13 90 4 769 2,5 
30 13 90 -3 769 2,5 

162 13 90 -10 9999 2,5 
168 13 90 -10 9999 2,5 
255 13 90 -7 9999 2,5 
304 13 90 4 769 2,5 
424 13 90 13 769 2,5 
455 13 90 15 769 2,5 
511 13 90 14 769 2,5 
529 13 90 5 769 2,5 
664 13 90 -7 769 2,5 
755 13 90 -12 769 2,5 
826 13 90 -11 769 2,5 
857 13 90 -3 769 2,5 

1074 13 90 4 769 2,5 
1081 13 90 4 769 2,5 
1249 13 90 4 769 2,5 
1433 13 90 12 769 2,5 
1553 13 90 26 769 2,5 
1663 13 90 7 769 2,5 
1691 13 90 7 769 2,5 
1708 13 90 14 769 2,5 
1828 13 90 29 769 2,5 
1937 13 90 36 769 2,5 
1949 13 90 28 769 2,5 
2054 13 90 13 769 2,5 
2159 13 90 -2 769 2,5 
2264 13 90 -16 769 2,5 
2369 13 90 -28 769 2,5 
2427 13 90 -36 769 2,5 
2480 13 90 -40 769 2,5 
2757 13 90 -39 769 2,5 
2766 13 90 -31 9999 2,5 
2864 13 90 -16 9999 2,5 

  
*13m for model reasons. Should be: 18,5m with 2 lanes in each direction.



 

 

  
Coordinate 
(m) 

Road 
Width (m) 

Speed 
Limit 
(km/h) 

Gradient 
(%) 

Horizontal 
Radius 
(m) 

Super 
elevation 
(%) 

2962 13 90 -7 9999 2,5 
2988 13 90 -1 769 2,5 
3029 13 90 2 769 2,5 
3196 13 90 2 769 2,5 
3462 13 90 2 9999 2,5 
3645 13 90 0 9999 2,5 
3697 13 90 -8 769 2,5 
3823 13 90 -13 769 2,5 
3868 13 90 -10 769 2,5 
3897 13 90 1 769 2,5 
4062 13 90 9 769 2,5 
4080 13 90 10 769 2,5 
4114 13 90 10 9999 2,5 
4145 13 90 8 9999 2,5 
4200 13 90 3 769 2,5 
4343 13 90 -1 769 2,5 
4549 13 90 -1 9999 2,5 
4612 13 90 -1 769 2,5 
4630 13 90 -3 769 2,5 
4790 13 90 -5 769 2,5 
4885 13 90 -5 9999 2,5 
4950 13 90 -3 9999 2,5 
4971 13 90 6 769 2,5 
5054 13 90 21 769 2,5 
5136 13 90 30 769 2,5 
5145 13 90 30 769 2,5 
5170 13 90 30 769 2,5 
5238 13 90 26 769 2,5 
5336 13 90 14 769 2,5 
5484 13 90 8 769 2,5 
5508 13 90 8 769 2,5 
5664 13 90 8 769 2,5 
5720 13 90 8 769 2,5 
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Energy use for road traffic – IERD 
 
 
 
Preface 

VTI has on commission of the EU and the Swedish Road Administration (SRA) 
participated in the project “Integration of the Measurement of Energy Usage into 
Road Design (IERD)”: Coordinator of the IERD project has been Waterford County 
Council, Ireland. Contact at SRA has been Martin Juneholm. The project included 
specific road projects for each participating country. A road project on the national 
route no. 50 through Motala was selected for Sweden. Information for this Swedish 
road project was placed at disposal by Göran Öhlund at Region Öst (SRA). SRA had 
engaged Ramböll Sverige AB for planning of the road object in Motala. Cecilia Orosz 
and Hans Hollander at Ramböll have supplied the IERD project with additional 
detailed information about the Swedish road object. 

Ulf Hammarström at VTI has been project leader. Martin Juneholm has been the 
contact person at SRA.  
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Summary 
The objectives of the IERD project were to support and encourage road design 
engineers and their employers to consider the energy implications when they design 
new roads. 
Road design influences driving behaviour. Driving behaviour influences energy use. 
Road design does of course also directly influence driving resistance and energy use 
as for example when driving at constant speed in different road gradients, different 
horizontal curves and different road surface conditions.  
The influence of driving behaviour on energy use is twofold: 

• Speed (v) and speed change (dv/dt) 
• Gear box handling. 
 

A total of 15 planned roads have been analyzed in the IERD project. The analyses 
have not included effects from traffic interactions or junctions. Another simplification 
is that the same EU average vehicle descriptions have been used for all countries 
(Czech Republic; France; Ireland; Portugal and Sweden).  
 
 A computer model, VETO, has been used to estimate energy use for road traffic. 
This model is based on mechanistical principles. The model has been developed for 
road planning purposes and can be used to evaluate the energy influence of most 
road conditions. 
 
The energy use, energy/mileage, can be compared per country between road 
alternatives. At a country level and road objects there are small differences for cars, 
maximum 1,7 %, and for truck with trailer maximum 7,1 %.  
 
One important condition in this analysis is that the speed limit and typical cross 
section is the same for all road alternatives per country but between the countries 
they vary. Between countries the speed limit varies between 90 and 130 km/h and 
the typical cross section between 7 m and motorway section. 
 
A decrease in desired speed by 10 km/h will on average, for routes in the project, 
reduce energy use by approximately: 

• 6 % for cars 
• 5 % for trucks 
• 3 % for trucks with trailer. 

This illustrates the importance of speed for energy use. 
 
Increasing road width increases capacity and speed. Increased capacity reduces 
energy losses from braking, idling and lower gear position but increases energy use 
due to increased speed. To choose an energy optimal typical cross section is an 
optimization problem. 
 
In order to design a road for minimum energy use one should choose alternatives 
which decrease the speed level without increasing the speed changes. Since 
decreased speed will increase travel time costs, there should be an interest for 
design principles that minimizes energy use without decreasing average speed. Such 
principles should mainly be: 



 

 

• To select the maximum gradient so that there will be minor need for braking 
downhill 

• To reduce rolling resistance contributions from the road surface 
• To be aware of the contribution from the horizontal radius and super elevation 

to the total driving resistance  
  
The retardation level when approaching different obstacles can be expected to 
decrease with increasing time for the driver to detect the obstacle. This should 
correspond to a demand for long sight distances where there is need for retardations. 
 
In a road-planning situation driving patterns can not be measured for the planned 
road. The alternative is to have good descriptions of systematic speed influence from 
road parameters integrated into road planning models. Models describing driving 
patterns for different road conditions can then be used together with models like 
VETO in order to estimate energy use, exhaust emissions and vehicle operating 
costs. In general, there is a substantial lack of driving behaviour data with focus on 
influence of other road parameters than speed limit and typical cross section. 
 



 

 

1. Introduction 
In the IERD project a method has been developed in order to estimate energy use for 
road construction and for road traffic. For road traffic, the method should manage to 
estimate the influence of all road describing variables with more than minor influence 
on energy use. Energy for road construction has been integrated into the MX 
software13. For estimations of energy use for road traffic the VETO program has been 
used (Hammarström and Karlsson, 1987). 
 
 

2. VETO  
VETO has been developed in order to estimate VOC (Vehicle Operating Costs) and 
exhaust emissions for road traffic. VOC does of course include fuel consumption i.e. 
energy use. A main objective for VETO has been to develop a tool for evaluation of 
“all” road measures.  
 
  
VETO is a mechanistic model with detailed input data descriptions of: 

• the vehicle 
• the road geometry 
• the road surface 
• the road surface conditions 
• the meteorological conditions 
• the driving behaviour. 

  
The influence of these aspects on energy use for road traffic can be described by the 
VETO program. 
 
Output data is available on different levels: “meter by meter”; per road block and per 
road object. One more level is per direction or as an average for both directions. 
 
As examples of output, diagrams 1 and 2 show speed and fuel consumption for a 
truck with trailer for the Swedish road object in the IERD project (rv 50, Motala), the 
bridge alternative, for the two directions of the road. 
  

                                                
13 Bentley Professional Services 
Civil & Transportation EMA 
 



 

 

 
Figure 2.1  Fuel consumption and speed for a truck with trailer on rv 50, direction 1, 
in Motala. (“bridge”)14 
  

 
Figure 2. 2  Fuel consumption and speed for a truck with trailer on rv 50, direction 2, 
in Motala.(“bridge”) 
  
                                                
14 The road description for this road is presented in table “Sweden bridge” in appendix 1. 



 

 

  
The description of the vehicle includes: 

• engine 
• transmission 
• wheels, including rolling resistance 
• air resistance coefficient 
• cross area 
• masses. 

  
The road geometry is described as in appendix 1. 
  
The road surface description includes macro texture.15 
  
The description of road surface conditions includes: 

• dry road surface 
• water depth on the road 
• snow depth on the road. 

  
Meteorological conditions include: 

• wind speed and direction 
• air pressure 
• air temperature. 

  
The resulting speed profile, estimated of VETO, is calculated as a function of road 
geometry, speed limit, vehicle performance and driving behaviour.  
 
The effect of junctions on a calculated speed profile can be accounted for through 
use of: 

• minimum speed in the junction 
• stop time 
• driving behaviour data in junctions. 

  
The minimum speed will be 0 for stopping vehicles and in the interval 20-30 km/h for 
turning vehicles in junctions. Input data on minimum speed and stop time must be 
provided by the user, unless a special model for such estimations is added. Such an 
extension would be a major effort and complication. 
VETO can also be used for calculations of more complex junctions such as grade-
separated ones, including all ramps. This requires detailed descriptions of all ramps 
and driving paths through the junction. One main problem with VETO calculations in 
such a junction, grade separated, is to have representative speed profiles for 
different vehicles available for these driving paths through the junction. 
  

                                                
15 The main version of VETO also includes micro texture and road roughness (IRI). Micro texture influence  tire 
wear. IRI influence fuel consumption, tire wear and repair and maintenance. The influence of IRI is based on a 
mechanistical description. 



 

 

 

3. Energy efficient driving in general 
Energy efficient driving is in focus in phase 3 of the IERD project. The possibilities to 
influence energy efficient driving through road design will be based on the knowledge 
that energy use increases: 

• with increasing speed, mainly due to air resistance but also to some extent 
rolling resistance; 

• due to energy loss when braking; � 
• when idling during stop time; 
• when idling during stop time; 
• when the side force increases; 
• with increasing macro texture of the road surface (at the same speed); 
• when  road roughness increases (at the same speed);  
• with increasing water depth or snow thickness on the road (at the same 

speed) 
• when the driver uses a lower gear at the same speed. 

 
The way to describe influence of accelerations is not obvious. In order to accelerate 
on a horizontal road extra energy must be added. This amount of energy is however 
not lost. By decelerating by not using the braking system this amount of energy can 
be used in order to move the vehicle forwards for some distance. One can compare 
acceleration with energy use going uphill. This energy used going uphill is only lost 
when using the braking system going downhill. 
 
The acceleration level can influence energy use in mainly two ways: 

• with increased acceleration the average speed will increase resulting in 
increased air resistance and in most cases also by increased energy loss 
in the braking system 

• engine efficiency: 
- without gear change downwards the engine efficiency normally will 
increase when used torque increase 
- with gear changing downwards engine speed will increase probably 
resulting in decreased engine efficiency 
- transmission efficiency: energy losses in the transmission increase 
with torque and with rotation speed in the transmission. 

 
Resulting speed is a function of desired speed and conditions giving restrictions. 
Desired speed on straight road blocks increases when the road width increases and 
when the speed limit increases. The desired speed also depends on vehicle type. 
  
Restrictions to desired speed are caused by: traffic interactions; comfort; 
friction/safety and mechanistic limitations. 
Comfort variables are: road roughness; road surface macro texture and side force as 
a function of horizontal radius and super elevation.  
Friction/safety variables are: downhill driving; road surface texture; depth of water; 
thickness of loose snow and ice or compressed snow.  
Mechanistic restrictions are a function of the power to mass ratio. 



 

 

 
Brake energy increases: 

• when the horizontal radius decreases 
• when  the gradient increases (downhill) 
•  when the junction density increases 
•  when the interactions between vehicles increase 
• when the speed increases.  
 

For gradients and brake energy the relation to speed is a bit complex: 
• the higher accepted speed the less brake energy downhill 
• the lower speed, below the highest accepted speed, approaching a 

downhill gradient the less brake energy downhill. 
 
The use of the braking system is a function of the required level for dv/dt. There are 
three retardation intervals: 

• Coast down level 
• Engine brake level 
• Wheel brake level. 

For the coast down level there is no use of the braking system. These three levels 
are functions of the traction force. 
 
Increasing degree of flow saturation can result in increased stop time both in 
junctions and on links. Stop time on links is probably mostly an indirect expression for 
lack of capacity in junctions. Junctions can with respect to stop time be classified 
into: all approaches in the same level; approaches at separated levels and 
roundabouts. 
 Junctions with approaches in the same level can also be classified after traffic 
regulation including traffic signals. The possibility for energy savings in traffic signals 
depends on coordinated or not. 
 
Increased side force will result in increased tractive force. The side force will increase 
when: the horizontal radius decreases; when the speed increases; when the cross 
fall on a straight road section increases and if super elevation deviates from the 
optimal level.16 
 
The macro texture for a new road surface can vary from very smooth to very rough. 
The macro texture for an old road surface does not include “smooth”. 
 
Increasing gear position at the same speed will in most cases reduce transmission 
losses. Gear position normally increases when the speed increases. One hypothesis 
is that gear position at an average speed level will decrease when the speed 
variation, both amplitude and frequency, increases.  
 
Improved road standard has major influences on energy use: 

                                                
16 Superelevation is optimal when: 
 
v2/r-(g*s/100)=0; s: superelevation (%) 



 

 

• the speed will increase and consequently the energy use, mainly air 
resistance, will increase; 

• the brake energy will decrease; 
• the gear level will increase causing reduced transmission losses and 

increased engine efficiency, i.e. reduced energy use at least for the same 
speed level. 

 The overall effect of improved road standard depends on vehicle type. The normal 
case for Swedish conditions with improved road standard: 

• lighter vehicles, a speed increase resulting in increased fuel consumption  
• heavy vehicles, energy losses by braking will decrease more than the 

increase from higher air resistance resulting in a decrease in fuel 
consumption. 

  
For Swedish conditions the increase in fuel consumption caused by other road 
surface conditions than dry road surface has been estimated to be marginal on a 
year basis. Other road surface conditions than dry road surface result in reduced 
speed and into increased rolling resistance. 
 
 The conclusion for “Energy efficient driving” in IERD is that the model used to 
describe energy use in traffic should be as representative as possible both regarding 
the description of direct forces acting on the vehicle and the description of the 
influence from road conditions on driving behaviour. Driving behaviour – v, dv/dt and 
gear position – influence forces acting on the vehicle. If this is fulfilled, the user of the 
model can find the design of the road that best minimizes energy use in traffic by 
tests of different design alternatives. 
 
There are two major levels of complexity in these models: 

• only free moving vehicles (geometrical interactions) 
• also vehicle interactions. 

  
If effects of vehicle interactions are to be included this must be at a simplified level if 
VETO is to be used as the only tool. Driving patterns including vehicle interactions 
could be calculated by means of other models. These driving patterns can then be 
used as input data to VETO. 
  
 One important question in the selection of a calculation model for energy use of 
traffic could be the size of the relative effects to be described and with what 
accuracy. The experience of VETO when used for evaluation of Swedish rural road 
objects on energy use has often been that the magnitude is a few percentage units. 
The effects of different road surface standards can also be expected to be up to a 
few percents. 
These “small” effects express the need for detailed representative input data 
descriptions and the need for a model that can handle these data in a representative 
way.  
If the alternatives are a very poor road standard with oversaturation in the before 
situation and high standard in the after situation, there might possibly be a major 
decrease in fuel consumption. Still there is need for representative and detailed input 
data. 
  



 

 

   

4. Input data for VETO calculations in IERD 
The input data for calculation of energy use for road traffic includes: 

• vehicle data 
• road data 
• driving behaviour data 
• weather conditions 

 
In the IERD project both country specific input data and EU average data can be of 
interest. 
 

4.1 Vehicle data 
In order to estimate representative energy use for road traffic one has to work with 
different vehicle types, engine types and model year classes. Energy use should be 
described for the economic lifetime of the road i.e. for a future time period. There 
could be problems to compile representative data for the existing vehicle fleet which 
also are valid for a future time period. The initial approach is that calculated values 
should be representative for 2005. 
 
Some examples of vehicle type definitions in different simulation models are 
presented below. 
The vehicle types of the World Bank model HDM-4 are (Bennett, C., R.  and 
Greenwood, I,2001): 

• motorcycle 
• small car 
• medium car 
• large car 
• light delivery vehicle 
• light goods vehicle 
• four wheel drive 
• light truck 
• medium truck 
• heavy truck 
• articulated truck 
• mini-bus 
• light bus 
• medium bus 
• heavy bus 
• coach 

  
The vehicle types in ARTEMIS17 are light duty vehicles and heavy duty vehicles.  
Light duty vehicles are: 

• passenger cars 

                                                
17 Assessment and Reliability of Transport Emission Models and Inventory Systems (EU project) 



 

 

• light duty goods vehicles 
• light duty passenger vehicles 
• two-wheeled vehicles. 

  
Heavy duty vehicles are: 

• heavy goods vehicles: 
-         rigid trucks 
-         trucks with trailers 
-         articulated trucks 

• urban buses 
• coaches. 

  
All vehicle types in ARTEMIS12 are also split into a number of weight or engine size 
classes. For each weight class there are 60 age classes. 
  
The more vehicle types that are available as default, the less need for the user to 
supply vehicle data. The user must of course in a calculation step after VETO provide 
information on the distribution of vehicle types and of traffic flow. Information of 
distributions of vehicle types is to some extent available in national vehicle registers. 
Traffic flow (veh/time unit) is specific for each road object. 
  
In order to compare energy efficiency between different road objects in different 
countries there can be need for using the same vehicle descriptions and driving 
behaviour. 
 
The car statistics of interest to generate representative input data to VETO is: engine 
power; engine capacity; vehicle mass; fuel consumption for standardized test 
procedures. Statistics on fuel consumption gives a possibility to final adjustments of 
VETO calculated values. Average car statistics on a national level and on an EU 
level are presented in table 4.1 – 4.3. 
 
Table 4.1   Engine power (kW) of cars (ACEA,2004) 

2000 2002 
Country* petrol diesel petrol diesel 
EU-15 72 73 75 80 
F 64 69 70 74 
IRE 62 72 75 81 
POR 56 74 58 80 
SW 99 86 103 100 
*Data for the Czech Republic is not available. 
 
Table 4.2 Engine capacity (cm3) of cars (ACEA,2004) 

2000 2002 
Country* petrol diesel petrol diesel 
EU-15 1573 1961 1585 1947 
F 1463 1939 1492 1904 
IRE 1401 1973 1476 1984 
POR 1290 1872 1307 1856 
SW 1945 2086 1979 2130 
*Data for the Czech Republic is not available. 
 



 

 

Table 4.3   Fuel consumption (l/10km) of cars (ACEA, 2004) 
2000 2002 

Country* petrol diesel petrol diesel 
EU-15 0,74 0,59 0,73 0,58 
F 0,7 0,58 0,69 0,56 
IRE 0,69 0,59 0,69 0,59 
POR 0,66 0,55 0,65 0,56 
SW 0,85 0,63 0,84 0,68 
*Data for the Czech Republic is not available. 
 
There is a substantial difference in fuel consumption between petrol and diesel cars, 
see table 4.3. The proportion of diesel cars is presented in table 4.4. 
 
Table 4.4  Proportion (%) of new diesel cars. (ACEA,2004) 
Year 
model 

France* Ireland* Portugal* Sweden* EU-15 

1995     22,2 
2000 50,2 12,3 27,2 7,3 32,6 
2002 63,5 20,0 38,5 7,6 40,7 
*ACEA members. 
 
From these tables one can conclude: 

• there is a considerable variation in fuel consumption between countries both 
for petrol and for diesel cars 

• there is a considerable variation in the proportion of diesel cars between 
countries 

• there is an increasing proportion of diesel cars by time. 
 
Specific fuel consumption decreases by time. This is a resulting expression for 
technical improvements in parallel with a negative development of other vehicle 
parameters of importance for fuel consumption. The trend for specific fuel 
consumption is presented in figure 4.1. 
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 Figure 4.1   Fuel consumption trend for cars by year model. 
 



 

 

Figure 4.1 represents average values by year model. When making calculations of 
energy use for road traffic in IERD resulting values should represent all year models 
for a future time period. For each year of calculation the number of year models 
should cover at least the last 20 year models. The importance of covering year 
models in separate groups compared to total averages increase with major changes 
in fuel consumption from one year model to the next. 
 
A VETO input data file for a typical Swedish car is available, see table 4.5. These 
data are used for estimation of VOC and exhaust emissions in Swedish road 
planning.  
 
An EU average petrol car has been estimated based on the Swedish input data and 
on ACEA values (2004): 

• mass EU= (Swedish mass)* 0,86(=EU/Sw) 
• power EU=(Swedish power)*0,73(=EU/Sw) 
• capacity EU=(Swedish capacity)*0,80(=EU/Sw) 

 
Some final adjustments might be necessary to achieve that fuel consumption for an 
EU car should be 13% less compared to a Swedish petrol car, see table 4.3. Final 
adjustments have been made to obtain representative energy values for all cars. In 
table 4.5 EU car input data for IERD calculations are presented. 
 
Table 4.5  Petrol car input data for VETO. 
Year 
model 

Power 
(kW) 

Gross 
veh. 
Weight 
(kg) 

Empty 
veh. 
Weight 
(kg)* 

Max. load  
(kg) 

Cross 
Area 
(m2) 

Cd 

Swedish car 
1988-1995 83,4 1707 1212 495 2,01 0,33 
EU car, input data for IERD calculations 
-2005 61 1468 1042 426 2,01 0,33 
*Without driver. 
 
Table 4.6 presents VETO input vehicle data for trucks. In table 4.6 data for a typical 
Swedish truck with trailer is included in parallel to EU data just in order to 
demonstrate differences in typical vehicles between countries. 
 
Table 4.6 Truck input data for VETO. 
Vehicle  
type 

Power 
(kW) 

Gross 
veh. 
Weight 
(kg) 

Empty 
veh. 
Weight 
(kg) 

Max. 
load  
(kg) 

Cross 
Area 
(m2) 

Cd 

Swedish vehicle 
Truck+tr S 318 45200 20026 25130 9,9 0,63 
Input data for IERD calculations. 
Truck 
S,EU* 

193 17900 9000 8900 6,0 0,57 

Truck 
+semitr 

273 
 

32400 
 

13100 
 

19300 8,3 
 

0,5 



 

 

EU** 
*No typical EU data available. Swedish data used to represent a rigid truck;**Based on Austrian data 
in the ARTEMIS project. 
 
For each vehicle type there is need for a load factor. The following Swedish load 
factors have been used in the IERD project: 

• car, 33% 
• truck, 42% 
• truck + trailer, 53% 

These factors could be expected to vary between countries as well as between 
different roads. 
 
Calculations of energy use in VETO, besides data mentioned above, are based on18: 

• engine maps for fuel 
• fuel density 
• fuel energy content. 

 
Rolling resistance is described as follows (Hammarström, 1987): 

 
FXRHJ=-FZAHJ(i1,i2,i3)*(CR3+CR4*V)*(CR1+CR2*TD)/(CR1+CR2*0,5) 

 
FZAHJ(i1,i2,i3): normal force per wheel (N) 
CR3 and CR4: rolling resistance coefficient on a smooth surface (TD=0,5) 
TD: macro texture (mm) 
CR1 and CR2: rolling resistance coefficients for macro texture adjustments 
 
CR3 and CR4 could be used to describe rolling resistance on all type of road 
surfaces i e for asphalt, concrete roads and gravel roads. For road roughness VETO 
includes a sub model using the roughness profile as input. In table 4.7 tyre and wheel 
data for VETO calculations are presented. 
 
 
Table 4.7 Tyre and wheel data for VETO calculations in IERD. 
 CR1 CR2 CR3 CR4 RHJ BHJ JYHJ NHJ 
Car 0,012 0,00073 0,012 0,00009 0,306 0,13 0 4 
Truck 0,00081 0,00032 0,0057 0,00008 0,540 0,24 22 10 
Truck+tr 0,00081 0,00032 0,0057 0,00008 0,540 0,24 22 18 
 
A literature survey on the effect of road surface on energy use is presented in 
Sandberg (1997): 

                                                
18 Fuel density: 

• petrol, 0,75 kg/l 
• diesel, 0,84 kg/l 

 
Fuel energy content: 

• petrol, 43,56 MJ/kg 
• diesel, 42,84 MJ/kg�

 



 

 

• When the macro texture (MPD) increase from 0,3 mm to 3 mm fuel 
consumption increase between 2 and 21 % or on average by 10 % (median 7 
%)19 

• When the mega texture increase with a factor 10 compared to the smoothest 
road surfaces fuel consumption increase between 8 and 14 % or on average 
by 12 % (median 12 %) 

• When roughness increase from IRI 1 to 10 fuel consumption increase between 
2 and 16 % or on average by 8 % (median 8 %). 

 
Measurements of fuel consumption on different road surfaces (Hammarström, 2005) 
have resulted in an increase of fuel consumption between 3,0 and 5,1 % when IRI 
increase from 1 to 4 mm/m and MPD increase from 0,4 to 1,2 mm in parallel. 
 
In order to adjust the observed tyre radius to rolling radius the observed radius has 
been multiplied by20: 

•  0,965 for light vehicles 
•  0,970 for heavy vehicles 

 

4.2 Road data 
Each country participating in the IERD project has supplied road data for at least two 
road objects, se table 4.8. In table 4.8 integrated measures for alignment are 
included. 
 
Table 4.8  Road objects evaluated in the IERD project. 

Road & 
Route Option 

Total Route 
Length (km) 

Typical 
Cross 
section 

Speed 
Limit 
(km/h) 

ADC* 
Degrees/km 

RF** 
m/km 

Czech Republic 
1 16,73 

MW 130 
12,1 23,4 

Czech Republic 
2 16,0 

MW 130 
12,6 25,0 

      
France Est 13,45 7 m 90 40,5 11,9 
France Grand 
Est 16,60 

7 m 90 
30,2 7,5 

France Ouest 12,53 7 m 90 21,0 7,7 
France Grand 
Ouest 12,79 

7 m 90 
17,6 11,2 

      
Ireland 01 12,57 15 m 100  19,8 14,0 
Ireland 02 12,37 15 m 100  17,9 14,1 
Ireland 03 11,43 15 m 100  24,0 17,3 
Ireland 04 11,45 15 m 100  25,6 16,6 
Ireland 05 13,13 15 m 100  29,5 14,1 
      
Portugal 1 15,60 MW 100 48,0 38,3 
Portugal2 15,90 MW 100 42,7 33,2 
      

                                                
19 ETD(sandpatch)=0,2+0,8*MPD, (Sandberg,1997) 
20 Information om vissa däckuppgifter. Kilometerskattenämnden. 04-01-00-00. 



 

 

Sweden bridge 5,70 MW(18,5) 90 32,4 11,7 
Sweden 
tunnel*** 5,70 

MW(18,5) 90 
32,0 11,9 

*ADC: Average Degree of Curvature;**RF: Rise and Fall.;***Road alignment available for the tunnel 
section from NRA. The other sections estimated by VTI. 
 
The road geometry for all road objects is presented in appendix 1. 
For typical values for macro texture, see table 4.9. 



 

 

 
Table 4.9  Examples on macro texture for different road surfaces (Sandberg,1992) 
Type Max. chipping size Condition ETD mm 

(�sand-patch) 
Surface dressing 15 mm Unpolished 3,17 
Chip. asphalt concrete 18 mm Highly polished 1,1 
Chip. asphalt concrete 15 mm Bumps 0,62 
Chip. asphalt concrete 15 mm Old 0,58 
Asphalt concrete 10 mm Polished 0,47 
Asphalt concrete 8 mm Inhomogeneous 0,29 
Surface dressing 14 mm Unpolished 1,62 
Surface dressing 20 mm Severe chip losses 1,59 
Surface dressing 15 mm  0,63 
Surface dressing 10 mm Absolutely new 2,53 
Surface dressing 15 mm Laterally inhomogen. 3,09 
Surface dressing 18 mm Unpolished 3,08 
Surface dressing 12 mm Bleedings 0,63 
Strip. cement concrete 15 mm Unpolished 2,00 
Chip. cement concrete 30 mm  3,24 
Strip. cement concrete 25 mm Rather unpolished 1,51 
Strip. cement concrete 20 mm  0,93 
SMA 0/16   1,04-1,3 
Cement concrete   0,35 
Cement concrete   0,65 
Cement concrete   0,62 
*High traffic roads in Sweden. 
 
The road surface macro texture used for base VETO calculations in this 
documentation: 0,5 mm. 
 
 

4.3 Driving behaviour data 

4.3.1 Available empirical data 
For VETO calculations there is need for: 

• desired speed as a function of road typical cross section (road width) and 
speed limit  

• desired speed as a function of horizontal radius 
• desired speed as a function of road gradient, downhill and uphill 

respectively 
• acceleration level or other variables resulting in acceleration level for 

different situations 
• retardation level as a function of speed in different traffic situations 
• behaviour when using gear box. 

  
For the first item, the speed should be equal to measured average speed on straight 
horizontal road sections. This speed can be called desired speed. In VETO desired 



 

 

speed will be selected automatically as a function of road width and speed limit per 
vehicle type. The speed data used as input should represent speed as a function of 
road width and speed limit for the same location. 
 
Data from extensive Swedish speed measurements are presented in table 4.10-4.12.  
 
 
Table 4.10  Measured speed, desired speed, on straight horizontal road sections for 
light vehicles. Sweden. 

Speed limit (km/h)  Cross 
section (m) 50 70 90 110 
-6,5 56,0 66,1 82,6 99,9 
7,5 56,0 73,6 89,7 100,1 
9 56,0 72,0 92,9 98,1 
13 56,0 74,8 91,7 102,7 
ML* 56,0 76,9 101,1 109,6 
MW std 56,0 82,7 97,6 112,1 
*MW standard with one lane in each direction; 
 
Table 4.11  Measured speed, desired speed,  on straight horizontal road sections for 
truck. Sweden. 

Speed limit (km/h)  Cross 
section (m) 50 70 90 110 
-6,5 55,0 64,8 81,7 92,8 
7,5 55,0 70,7 83,3 91,3 
9 55,0 69,4 85,6 90,1 
13 55,0 73,2 85,9 91,5 
ML 55,0 71,5 92,9 95,8 
MW std. 55,0 79,5 92,3 95,3 
*MW standard with one lane in each direction; 
 
Table 4.12  Measured speed, desired speed,  on straight horizontal road sections for 
truck+trailer. Sweden. 

Speed limit (km/h)  Cross 
section (m) 50 70 90 110 
-6,5 54,9 62,2 78,9 81,2 
7,5 54,9 68,7 78,8 82,0 
9 54,9 64,4 81,1 80,4 
13 54,9 70,8 81,3 82,0 
ML 54,9 73,1 88,3 84,9 
MV std. 54,9 74,0 87,8 84,9 
*MW standard with one lane in each direction; 
 
Swedish data in table 4.10-4.12 represents speed measurements. In some cases 
speeds decrease when the road width increase. This is probably due to systematic 
differences in locations. For example, the speed on motorway (MW) and speed limit 
90 km/h is lower than for expressway (ML) and speed limit 90 km/h. MW and 90 km/h 
could be expected to represent motorways in urban areas. In the IERD project, 
speed data should of course represent systematic differences for different road 
standards at the same location. The effect of trip length on speed has been 
estimated (Nilsson, 1989). Increased trip length results in increased speed. The trip 
length distribution will vary in a systematic way between different locations. 
 



 

 

If traffic flows on an hour level, demand, are below the road capacity the average 
spot speed could be expected to be more or less constant. If the traffic flow demand 
is above the capacity of the road major differences in average speed per hour could 
be expected. For new planned roads the capacity could be expected to be higher 
than the traffic demand at least for an initial time period. 
 
 
The speed can be expected to decrease when the horizontal radius decreases. In 
VETO there is a sub model which estimates speed in the horizontal curve as a 
function of speed before the curve and of the radius, see figure 4.2. The speed is 
expected to be constant through the curve (Brodin, A. and Carlsson, A., 1986): 
 
VHC=1/SQRT(1/(V0*V0)+0.15*(1/RHC-0.001)) 
VHC: desired speed in a horizontal curve. 
V0: desired speed on a straight road (m/s) 
RHC: horizontal radius (m) 
 
The horizontal curve speed effect is not relevant for RHC>1000 m. In this case the 
desired speed will be that for a straight road. 
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Figure  4.2 . Curve speed as a function of radius and speed before the curve. 
 
In table 4.13 measured speed data in a horizontal curve is presented (Lindqvist, 
1991).  



 

 

 
Table 4.13  Dv/dt (m/s2) and (speed, km(h) before, inside and after a horizontal 
curve.*(Lindqvist,1991) 

Car Truck Truck+trailer Location 
Left turn 
 

Right 
turn 

Left turn 
 

Right turn Left turn 
 

Right 
turn 

75m 
before, 
spot 
speed 

(86) (83,5) (86) (71,5) (76) (66) 

Before, 
average 
75m 

-0,44 
(83,5) 

-0,41(81) -0,42(83) -0,09(71) -0,33(74) -0,06(66) 

1st ¼ 
 

-0,60 
(78) 

-0,44(77) -0,53(76) -0,10(70) -0,65(70) -0,22(66) 

2nd 1/4 0,00(74) -0,11(76) -0,05(72) -0,11(68) 0,10(66) -0,10(66) 
3rd 1/4 0,39(76) 0,00(75) 0,18(72) -0,10(67) 0,30(68) -0,10(64) 
4th 1/4 0,40(80) 0,38(77) 0,25(75) 0,17(67,5) 0,22(70) 0,11(63) 
After, 
average 
75m 

0,31(83) 0,38(80) 0,19(78) 0,16(70) 0,16(72) 0,20(64) 

75m 
after, 
spot 
speed 

(85) (82,5) (80) (71,5) (73) (65) 

*(xx):Average speed (km/h) between to points with a distance of 50m. No  vehicles in opposite 
direction. 
 
Description of the horizontal curve in table 4.13: 

• radius to the centre of the road, 150 m 
• road width, 7m 
• length of the curve, 200m 
• super elevation, 5,5% 
• speed limit, 90 km/h 
• no sight obstacles 

 
There are some important differences between the curve speed model and 
measured data in table 4.13: 

• the speed reduction approaching a curve is not completed before the curve 
but will continue at least through the 1st quarter of the curve 

• the acceleration out of the curve starts in the 3rd quarter for left turns and in 
the last quarter of the curve for right turns 

• especially for truck the curve speed for right turns is less than for left turns 
• the spot speed 75 m before the curve could be expected to be representative 

for speed on a straight and horizontal road , if compared to table 4.10, 4.11 
and 4.12   

• the delay caused by a horizontal curve estimated by the model can be 
expected to be an overestimation. 



 

 

There is also a literature survey on speeds in horizontal curves available (Lindqvist, 
T. and Lacko, P, 1991). 
 
Speed is influenced by gradients in different ways. Uphill when the available engine 
power is less than needed the speed will be below desired speed. 
If the absolute value of the downhill gradient is sufficiently large one can expect 
speed reductions for at least trucks. This could have a big effect on the resulting 
average energy use for uphill and downhill traffic. If there is no use of the braking 
system downhill the energy increase when going uphill will be compensated by the 
energy reduction when going downhill. The lower the speed downhill the bigger loss 
of energy in the braking system. The resulting energy use as a function of a gradient 
should include an influence area before and after the gradient. 
 
The HDM report includes a literature survey on influence from road parameters on 
speed. For downhill gradients more than 4 % one can expect speed reductions for 
trucks. The downhill block cannot be too short if a speed reduction is to be expected. 
If there is a speed reduction the next question is the size of this speed reduction. 
  
There is need for additional data if there are junctions on the selected road object. 
The road object can be split into sections, i.e. the road segments between two 
junctions. A most detailed description of energy use in a road object including 
junctions should include complete paths through the system for all approaches. 
  
In VETO, the retardation level is given directly, input data, as a function of speed.  
Acceleration is described indirectly through throttle opening and max engine speed in 
different gear positions than the highest.  
 
The acceleration level is a function of the power to mass ratio potential and in what 
way the driver uses this potential. Different road and traffic situations will influence 
the resulting acceleration level. The available engine power for acceleration is also a 
function of vehicle speed in parallel. The higher speed, the higher tractive force and 
the less force resulting for acceleration. 
 
Measured retardation levels on ramps in Sweden21: 

• -60 km/h: 0,5 m/s2 
• 60-40: 1,25 m/s2 
• 40-0: 2 m/s2 

 
In table 4.14 measured acceleration and retardation levels in a signalized junction 
are presented. 
 
Table 4.14  Measurements in a signalized junction with speed limit 50 km/h. 
Acceleration for the first vehicle leaving the stop line and retardation for the first 
vehicle approaching red light.(Hammarström,1979) 
Veh. type Acceleration(m/s2) Retardation (m/s2) 
Light 1,80 1,90 
Truck without trailer 1,10 1,65 

                                                
21 Swedish data, not published. VTI. 



 

 

 
Dv/dt has been measured in one three-way junction, speed limit 50 km/h, without 
traffic signals, see table 4.15-4.18 (Hammarström, U. and Karlsson,R.,2001). In each 
approach there were two pairs of detectors in each direction. 



 

 

 
Table 4.15  Measurements of retardation level (m/s2) as a function of speed (m/s) for 
cars when approaching a junction. Junction without traffic signals. Speed limit 50 
km/h. 

Speed (m/s) Min retard. 
Level 
(m/s2) 

7.5 - 10 10 - 12.5 12.5 - 15 15 - 17.5 17.5 - 20 

      
0,1- 1,458 1,025 0,901 1,080 1,037 
      
0,3- 1,527 1,160 0,997 1,123 1,037 
      
 
Table 4.16  Measurements of acceleration  level (m/s2) as a function of speed (m/s) 
for cars when leaving  a junction. Junction without traffic signals. Speed limit 50 km/h. 

Speed (m/s) Min. acc. 
level(m/s2) 7.5 - 10 10 - 12.5 12.5 - 15 15 - 17.5 17.5 - 20 

      
0,1- 0,824 0,770 0,727 0,588 1,097 
      
0,3- 1,160 0,908 0,932 1,081 (2,237) 
      
0,5- 1,274 0,994 1,006 1,245 (2,237) 
 
 
Table 4.17  Measurements of retardation level (m/s2) as a function of speed (m/s) for 
trucks(2 axles) when approaching a junction . Junction without traffic signals. Speed 
limit 50 km/h. 

Speed (m/s) Min retard. 
Level (m/s2) 7.5 - 10 10 - 12.5 12.5 - 15 15 - 17.5 17.5 - 20 

      
0,1- 1,049 0,749 0,787 0,647  
      
0,3- 1,175 0,925 0,827 0,675  
      
0,5-      
 
 
Table 4.18 Measurements of acceleration  level (m/s2) as a function of speed (m/s) 
for trucks(2 axles) when leaving a junction. Junction without traffic signals. Speed 
limit 50 km/h. 

Speed (m/s) Min. acc. 
level. (m/s2) 7.5 - 10 10 - 12.5 12.5 - 15 15 - 17.5 17.5 - 20 

      
0,1- 0,760 0,687 0,675   
      
0,3- 0,790 0,702 0,675   
      



 

 

0,5- 0,865 0,732 0,675   
 
The use of available engine power for trucks have been studied in uphill grades 
(Sörensen, G. och Carlsson, A, 1997). The result is expressed as power to mass 
ratio, p-value: 

• truck with trailer and 3-4 axles with road surface contact, 8,3 W/kg 
• truck with trailer and 5-9 axles with road surface contact, 6,0 W/kg 
 
The maximum available p-value i.e. for use of the maximum engine power is a 
function of the empty vehicle weight, of the engine, of the max load and of the 
load factor. For Swedish typical vehicles the max p-value has been estimated with 
load factor 0 and 100% respectively: 

• for truck with trailer, 15.9 and 7.0 W/kg. 
• for cars, 68,8 and 48,9 W/kg 

 
Instrumented cars have been in private use for a time period of some months 
(Rototest AB, 1999). The driving pattern and the engine speed have been registered. 
Engine speed limits for different gear positions at constant speed have been 
estimated, see table 4.19. 
 
Table 4.19 Engine speed limits for different gear positions at constant speed (dv/dt:-
0,1-(+0,1) m/s2) for cars (Rototest AB,1999) 
Gear Min rpm Max rpm 
1  2160 
2 1230 2284 
3 1552 2269 
4 1639 2329 
5 1849  
 
Comments on table 4.19: 

• min engine speed increases with gear position 
• max engine speed increases slightly with gear position. 

 
Table 4.20 presents maximum used engine speed for cars during acceleration. 
 
Table 4.20 Max engine speed (rpm) during accelerations for cars. (Rototest AB,1999) 
 Acceleration (m/s2) 
Gear "0,2-0,4"  "0,5-0,9"  "1,0- "  "0,2- "  

1 2160 2160 2160 2160 
2 2635 2635 2635 2635 
3 2508 2746 2985 2746 
4 2502 2502 3020 2502 
 
One can notice that the max engine speed per gear increases with gear position. 
 For trucks there is no data available describing gear change decisions expressed by 
min and max engine speed values. 
 



 

 

4.3.2 Driving behaviour data used for VETO calculations 
Table 4.21, desired speed, is based on speed data from countries participating in 
IERD, see 4.3.1. 
 
Table 4.21  Desired speeds on straight road sections. 
Car Truck Truck+trailer 
The Czech Republic; motorway and speed 
limit 130 km/h 
110 80 80 
France; road width 7 m and speed limit 90 
km/h 
93 84 84 
Ireland; road width 15 m and speed limit 100 
km/h 
100 80 80 
Portugal; motorway (26,1 m) and speed limit 
100 km/h 
110 85 80 
Sweden; motorway (18,5 m) and speed limit 
90 km/h 
97 88,5 85 
 
For all vehicle types the same data, retardation levels measured on ramps in Sweden 
in 4.3.1, for retardations has been used. These retardation levels are a bit higher 
compared to measured values in front of a horizontal curve, see table 4.13. 
 
In table 4.22, input data for the gear box handling and of the engine is presented. 
 
Table 4.22  Handling of the engine and the gear box 
 Car Truck Truck+trailer  
Engine speed for gear change 
Max (%)* 53 85 85  
Min at part 
load  (rpm) 

1600 900 900  

Min at full 
load (rpm)** 

1600 1565 1130  

Use of max torque 
Acceleration 
(%) 

90 100 100  

Steady state 
speed (%) 

75 85 85  

Gear change time 
(sec.) 1 1 1  
*Max engine speed for other gears than the highest in engine map: cars, 5500 rpm; Truck, 2609 rpm 
and truck+trailer, 2267 rpm. 
**Equal to engine intermediate speed for trucks. 
 
 



 

 

4.4 Weather and road surface conditions 
Data used for VETO calculations: 

• Meteorological wind speed: 2,5 m/s. 
• Air temperature: 8 ºC. 
• Air pressure: 1,013 bar. 
• Road surface conditions: dry. 

These data are representative for average Swedish conditions. 
 
 

5 Energy calculations  

5.1  Calculations 
The total energy use has been estimated as follows: 

• calculate specific energy use (MJ/km) per vehicle type and road section 
• multiply specific energy use by section length (MJ/veh) 
• multiply  energy use per vehicle (type) and section with section traffic flow per 

road section 
• add total energy use per road section resulting in total energy use per road 

object and day 
• multiply by 365 to get data on a year level. 

 
Vehicle data representative for EU average have been used for the calculations. 
Total energy use per road object has been calculated for 2010 and 2030. The 
background for selecting these years is that traffic data is available for all road 
objects for these two years directly or by interpolation. 
 

5.2  Traffic flow data 
For each road object and each road section per object there is need for: 

• total average traffic in the years of interest 
• distribution on different vehicle types 

  
In a road planning situation, at least data that describes the road and the traffic flows 
must be available. 
  
If junction effects are to be estimated in more detail by use of VETO there is need for 
the following junction data: 

• the proportion of the traffic flow turning into the link in the junction 
upstream 

• proportion of the flow turning out from the road link in the junction 
downstream 

• proportion of turning vehicles having to stop 
• stop time for stopping turning vehicles 
• average minimum speed for turning vehicles not stopping 
• proportion of vehicles going straight ahead and stopping 
• stop time for straight ahead going vehicles. 



 

 

Such detailed junction effects have not been included in the IERD project. 
  
 

6 Results 

6.1 IERD road objects 
For each road object specific energy use per vehicle type has been estimated, see 
table 6.1. In appendix 2 full results are presented i.e. as well a split into road sections 
per road object. 
 
Table 6.1  Specific energy use per vehicle (MJ/10km) 
Country Road Car Truck Truck+trailer 
Czech 
Republic 

CZ-V1 
19,50 84,80 116,80 

 CZ-V2 19,40 86,20 116,50 
France East 17,80 82,70 108,50 
 Grand East 17,60 80,60 105,10 
 West 17,50 78,30 101,30 
 Grand West 17,60 79,80 102,70 
Ireland 01 (HA) 18,40 82,00 108,80 
 02 (HB) 18,50 82,20 108,60 
 03 (MC) 18,40 85,60 110,20 
 04 (MD) 18,40 84,70 110,20 
 05 (MG) 18,40 81,80 106,70 
Portugal S1 19,80 98,70 140,40 
 S2 19,70 96,50 134,80 
Sweden Bridge 18,00 80,90 99,20 
 Tunnel 18,00 80,00 97,20 
 
Total energy use for road traffic per year and road object is presented for 2010 and 
2020 in table 6.2. 
 
Table 6.2  Energy use per road and year.(TJ/year) 
Country Road 2010 2020 

CZ-V1 247,1 308,6 Czech 
Republic CZ-V2 333,5 416,7 

East 43,8 46,7 

Grand East 51,6 55,1 

West 66,8 71,3 

France 

Grand West 65,4 69,8 

01 (HA) 69,7 77,9 

02 (HB) 68,7 83,5 

03 (MC) 66,8 76,8 

04 (MD) 74,0 81,6 

Ireland 

05 (MG) 95,8 117,9 

S1 509,8 646,7 Portugal 
S2 435,0 571,2 



 

 

Bridge 47,8 54,8 Sweden 
Tunnel 47,2 54,0 

 
In table 6.3 total energy use for a time period of 20 years is presented. One should 
notice that different road alternatives in some cases not only represent differences 
caused by values in table 6.1 but also major differences in total mileage. These 
mileage differences are both an expression for route lengths and traffic flows. 
 
Table 6.3  Total energy use for a time period of 20 years(=economical life length of a 
road)22 
Country Road 2010-2029 TJ 
Czech 
Republic 

CZ-V1 
6111 

 CZ-V2 8251 
France East 932 
 Grand East 1098 
 West 1421 
 Grand West 1391 
Ireland 01 (HA) 1568 
 02 (HB) 1683 
 03 (MC) 1533 
 04 (MD) 1626 
 05 (MG) 2299 
Portugal S1 12801 
 S2 11287 
Sweden Bridge 1087 
 Tunnel 1074 
 
 

6.2 Analysis 
The importance of ADC and RF for energy use have been analyzed, see figure 6.1-
6.4. These figures are based on data in table 4.8 and 6.1. The correlation between 
ADC and RF for the project routes is 0,37 i.e. to some extent the variation of energy 
use with one variable at the same time also describes the variation with the other 
variable. Other correlations of importance are: 

• speed limit and ADC, -0,50 
• speed limit and RF, 0,50. 

 

                                                
22 This value was selected as a general value in the IERD-project. For Sweden normally a value of at least 40 
years is used. 
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Figure 6.1 Energy use as a function of ADC for cars. 
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Figure 6.2  Energy use as a function of RF for cars.  
 



 

 

 
Figure 6.3 Energy use as a function of ADC for truck with trailer. 
 
 

 
Figure 6.4  Energy use as a function of RF for truck with trailer. 
 
 
The conclusion of figure 6.1-6.4 is that ADC is of minor and RF of major importance 
for energy use. The influence of RF in this analysis might have been underestimated 
since the effect of driving behaviour in downhill gradients has not been noticed. 
If ADC increases by 10 % from the IERD average 26 degrees/km energy use 
increases: 
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• by 0,14 % for cars  
• by 1,2  for truck with trailer. 

 
If RF increases by 10 % from the IERD average 14 m/km energy use increases: 

• by 0,63 % for cars 
• by 1,7 % for truck with trailer. 

 
By changing the road alignment the specific energy use is influenced. An extreme 
such analysis is to: 

• eliminate all grades 
• eliminate all curves 
• eliminate all grades and all curves. 

Such an analysis is presented in table 6.4. For this analysis the “worst” alignment per 
country has been used. 
 
Table 6.4  Energy and speed index (100: original alignment) for changes in road 
alignment. 

Energy Speed Road 

Orig. 
No 
gradients 

No 
curves 

No gradients 
and curves Orig. 

No 
gradients 

No 
curves 

No gradients 
and curves 

Car 
Czech v2 100 99,5 100,0 99,5 100 102,4 100,0 102,4 
France estny 100 98,3 99,4 97,8 100 100,0 102,4 102,4 
Ireland 3 100 98,9 100,0 98,9 100 100,8 100,9 101,6 
Portugal sol1 100 97,0 100,5 97,5 100 106,9 101,6 109,3 
Sweden bridge 100 99,4 100,0 99,4 100 100,1 100,4 100,5 
Truck 
Czech v2 100 81,9 100,0 82,0 100 102,4 100,0 102,4 
France estny 100 96,1 95,8 92,1 100 100,6 102,0 102,7 
Ireland 3 100 83,4 99,3 83,1 100 102,2 100,5 102,7 
Portugal sol1 100 78,6 99,8 80,0 100 109,2 100,7 110,7 
Sweden bridge 100 98,6 99,9 98,2 100 100,6 100,3 100,9 
Truck+trailer 
Czech v2 100 82,2 100,0 82,3 100 104,0 100,0 104,0 
France estny 100 93,9 96,3 90,5 100 101,1 102,0 103,1 
Ireland 3 100 87,7 99,7 87,5 100 102,3 100,5 102,8 
Portugal sol1 100 68,8 99,9 69,5 100 110,6 100,7 111,9 
Sweden bridge 100 95,7 99,9 95,3 100 100,4 100,2 100,7 
 
As could be expected the biggest potential for reductions is valid for Portugal sol1, 
the road with the highest values both for ADC and for RF, see table 4.8. An effect not 
included in table 6.4 is the change in link length when the alignment is changed. 
 
In table 6.5 the maximum gradient has been limited to 30 and 20‰ respectively. 
 
Table 6.5  Energy and speed index (100: original alignment) for changes in max 
gradient. Swedish road, bridge.  
 Energy(/distance) Speed 
Gradient 
(‰) Car Truck Truck+tr Car Truck Truck+tr 



 

 

Base 100 100 100 100 100 100 
Max 30 99,4 99,2 98,8 100,1 100,1 100,1 
Max 20 99,4 97,6 97,7 100,1 100,6 100,4 
 
Table 6.5 illustrates that the importance of gradient increases with the weight of the 
vehicle. 
 
The importance of road surface is demonstrated by table 6.6. 
 
Table 6.6  Energy and speed index (100: cement) for changes in road surface. 
Swedish road, bridge. 

Energy(/distance) Speed Surface 
Car Truck Truck+tr Car Truck Truck+tr 

Cem.concr. 100 100 100 100 100 100 
SMA 100,6 103,1 100,6 100,0 99,8 99,9 
Asph.concr. 101,1 103,9 101,4 100,0 99,8 99,9 
* Cem.concr, TD=0,5 mm;SMA, TD=1,2 mm; Asph.concr., TD=1,8 mm 
 
For the selected types of road surface the highest total value for fuel consumption is 
approximately 1,1 % higher compared to the lowest value. 
 
In table 6.7 the influence of speed is presented. Goal speed has for all vehicle types 
been increased and decreased respectively by 10 km/h. These changes in speed 
can represent different measures influencing speed. 



 

 

 
Table 6.7  Energy and speed index (100: original speed) for changes in goal speed . 

Energy Speed 
Goal speed Goal speed 

Road 

original +10 km/h -10 km/h original +10 
km/h 

-10 km/h 

Car 
Czech v2 100 106,2 95,9 100 107,6 91,9 
France 
estny 100 105,1 95,5 100 109,6 89,9 
Ireland 3 100 106,0 95,7 100 109,1 90,8 
Portugal 
sol1 100 103,5 97,5 100 105,7 94,0 
Sweden 
bridge 100 106,1 95,0 100 110,2 89,8 
Truck 
Czech v2 100 100,2 98,3 100 109,7 88,6 
France 
estny 100 109,7 94,7 100 110,0 89,0 
Ireland 3 100 103,3 92,5 100 111,3 88,1 
Portugal 
sol1 100 101,9 99,9 100 107,2 92,1 
Sweden 
bridge 100 106,6 91,5 100 111,1 89,1 
Truck+trailer 
Czech v2 100 99,8 101,5 100 110,4 89,2 
France 
estny 100 106,2 94,9 100 110,6 89,4 
Ireland 3 100 104,1 97,4 100 111,4 88,4 
Portugal 
sol1 100 100,4 100,1 100 108,1 91,7 
Sweden 
bridge 100 106,9 97,0 100 111,6 92,7 
 
 
In table 6.8 the influence of desired speed expressed by speed limit variation is 
expressed. 
 
Table 6.8  Energy and speed index (100: original speed limit) for changes in speed 
limit. Swedish road, bridge. 
 Energy Speed 
Speed 
limit Car Truck Truck+tr Car Truck Truck+tr 
90 km/h 100 100 100 100 100 100 
70 km/h 93,3 94,2 99,5 85,4 93,7 97,3 
 
 

7  Discussion 
EU representative vehicle data has been used for calculations in section 6. This 
gives the possibility to compare energy use between different objects in different 
countries with focus on the geometry. When comparing between different countries 



 

 

one must of course be aware that different conditions give different possibilities to 
reach low distance specific energy values. As representative national input data as 
possible should be used for evaluation of individual road objects.  
  
For ranking of energy efficiency in road design table 6.1 should be the best 
alternative since table 6.2 and 6.3 also express differences in traffic flows between 
road objects per country. Comments on table 6.1 (MJ/10km): 

• on a country level and road objects there are small differences for cars, 
maximum 1,7 %, and for truck with trailer maximum 7,1 %  

• between countries for cars the differences are mainly expressions for speed 
differences. 

 
In figure 6.1-6.4 energy use has been related to ADC and RF for the test routes. 
These results show that heavy vehicles are more sensitive to changes in road 
alignment compared to cars. RF are more important than ADC both for cars and 
heavy vehicles. 
 
The maximum potential for reductions in energy use for alignment is demonstrated in 
table 6.4. Potential maximum energy reductions for road design are: 

• for cars, 0,5-2,5 % 
• for trucks, 1,8-20 % 
• for trucks with trailer, 4,7-30,5 %. 

 
A decrease in desired speed by 10 km/h will on average, for routes in the project, 
reduce energy use by approximately: 

• 6 % for cars 
• 5 % for trucks 
• 3 % for trucks with trailer. 

This illustrates the importance of speed for energy use. 
 
In order to design a road for minimum energy use one should choose alternatives 
which decrease the speed level at the same time as speed changes do not increase. 
Since decreased speed will increase travel time costs there should be an interest for 
design principles that minimize energy use without decreasing average speed. Such 
principles should mainly be: 

• To select the maximum gradient in a way that there will be no need for braking 
downhill 

• To be aware of the contribution from the horizontal radius and super elevation 
to the total driving resistance  

• To reduce rolling resistance contributions from the road surface 
 
The retardation level when approaching different obstacles can be expected to 
decrease with increasing time in advance the driver will be aware of the obstacle. 
This should correspond to a demand for long sight distances. 
 
Evaluations with high accuracy demand calculations for more vehicle types than 
used in this study. For example, light goods vehicles have not been included. Petrol 
car values represent all light vehicles. By not including diesel engines for light 



 

 

vehicles an overestimation of energy use can be expected and by not including LGV 
an underestimation can be expected. 
 
Heavy vehicles without trailers are represented by a truck in these calculations. For a 
representative picture, buses should have been included. The truck description is 
based on Swedish data. The deviation from EU average is not known. 
 
The vehicle descriptions represent middle-aged vehicles. The assumption is that 
these vehicles could represent average vehicles in 2005. A more ambitious approach 
would be to have more than one set of vehicle parameters per vehicle type 
representing different groups of model years. Calculated values per vehicle type 
should then be weighted to average values for 2005. For future year models the 
parameters for model year 2005 could be used. The resulting average specific 
energy value per vehicle type and year would then develop against the value for year 
model 2005. This assumption, not better than model year 2005, could be considered 
as pessimistic. So far this development has not been regarded. 
 
Desired speed in Veto calculations is at a national level per IERD country. Other 
driving behaviour data represent Swedish conditions. This could make a comparison 
of energy efficiency in road design between road objects from different IERD 
countries not that meaningful. 
 
The influence of traffic interactions has not been included. If the degree of saturation 
is below 100%, the traffic flow demand< the road capacity, this lack in conditions will 
probably not be of major importance. For oversaturated conditions calculated values 
can deviate more than acceptable. 
 
The horizontal curve speed model in VETO describes speed at a constant level 
through the curve. Measurements, see table 4.13, indicate there could be need of 
improvements to this description. The level of deceleration is higher in the first ¼ of 
the curve compared to the level before the curve. The acceleration level is higher in 
the last ¼ of the curve compared to the level after the curve. The speed is closest to 
constant level in the second ¼ of the curve. 
 
For Sweden, there are two IERD test road alternatives: bridge or tunnel. For the 
tunnel, estimated energy use probably is an overestimation. This is because air 
resistance on average could be expected to be lower in a tunnel, one way traffic, 
compared to outside air resistance. In a one way tunnel traffic generates a tail wind 
of considerable size. In Sweden, a wind of 6m/s has been registered. At a speed of 
90 km/h a tail wind of 6 m/s reduces air resistance by more than 40%. At low traffic 
conditions the tunnel air resistance can be expected to be higher compared to air 
resistance outside the tunnel. 
 
Calculated effects of different road surface types are under condition that the goal 
speed is equal between road surface types. Swedish empirical data shows that 
speed decreases when texture and roughness increase. Presented values in section 
6 then include an overestimating factor. 
 
Energy use for road traffic is an expression mainly of four road factors: 



 

 

• geometry 
• surface conditions 
• speed limits 
• traffic interactions. 

 
Traffic interactions constitutes of an influence of geometry, speed limits and traffic 
density all together. There should be a balance between road standard and traffic 
demand. If road standard is comparatively high in relation to traffic flow demand this 
will increase speed and energy use. If road standard is comparatively low in relation 
to traffic flow interactions between vehicles will increase resulting in increased energy 
losses by braking and in a speed reduction which will contribute to reduced air 
resistance. As long as increased traffic density does not result in increased use of the 
braking system, energy could be reduced. This is due to: decreased speed and 
decreased air resistance. Air resistance might decrease because of two factors: 
reduced speed and tail wind effects (Hammarström, 2000).  
Effects have been demonstrated for cars driving behind heavy lorries but not behind 
cars. According to the parameter determined function, the reduction in fuel 
consumption when driving behind a heavy lorry, both with and without a trailer, is as 
follows compared with that for a free vehicle in the same speed: 

• at 70 km/h: 
- distance 50 m, 4-9 % 
- distance 100 m, 1-3 % 

• at 85 km/h: 
- distance 50 m, 6-12 % 
- distance 100 m, 1-4 %. 

  
 
Total energy used between A and B for one vehicle: 
 
distance (km) x spec. energy use (J/km) 
 
The most energy effective solution for a road A – B is a straight line minimizing both 
distance and spec. energy use. 
 
If a road is going to be built A-B and there are junctions between A-B one has to 
choose a solution minimizing energy use between A-B and all roads connected to A-
B. In this respect, it is not obvious that a straight line between A-B gives minimum 
energy use. A straight line between neighbouring junctions will of course always 
minimize energy use between these two junctions. 
 
Increasing road width increases capacity and speed. Increased capacity reduces 
energy losses from braking, idling and lower gear position but increases energy use 
from increased speed. For example, average speed for cars could be expected to 
increase by approximately 20 km/h, see table 4.10, if road standard is increased from 
13 m road width and 90 km/h to MW and 110 km/h. To choose an energy optimal 
typical cross section is an optimization problem. 
 
Increased horizontal radius: 

• reduces traction force  



 

 

• reduces distance A-B 
• increases speed. 

 
The horizontal radius can also influence distances on connecting roads.  
One way to reduce speed in urban areas is by means of obstacles. One such type of 
obstacle is the horizontal radius. The horizontal radius could be used on rural roads 
as well in order to decrease speed. In order to minimize accelerations and 
decelerations the mix of curved and straight road sections could be used. To choose 
an optimal horizontal radius is as well an optimization problem. 
 
If the driving resistance /kg vehicle will decrease the amount of braking energy can 
be expected to increase. One could then expect a trend for this measure to decrease 
by time which could be expected to result in an increase for brake energy caused by 
road alignment. 
 
In order to develop an effective tool for energy optimized road design there is need 
for a representative model based description of driving behaviour for different road 
conditions including: typical cross section; speed limit; road alignment; junctions; 
road surface and traffic interactions. At present there is extensive empirical data 
describing speed for typical cross section and speed limit. For all other conditions 
empirical data is missing to a large extent.  
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 Appendix 1: Road geometry descriptions for IERD road objects 
 
Czech Republic  CZ V1. Road width: 24,5 (m). Speed limit: 130 (km/h) 

Coordinate 
(m) 

Gradient 
(‰) 

Horizontal 
Radius 
(m) 

Super 
elevation 
(%) 

Coordinate
(m) 

Gradient 
(‰) 

Horizontal 
Radius 
(m) 

Super 
elevation 
(%) 

4000 -44 99999 2,5 15550 3,1 2500 2,5 
4122 -44 99999 2,5 16440 45 2500 2,5 
4309 -44 -3000 2,5 16668 45 99999 2,5 
5885 22 -3000 2,5 16923 45 99999 2,5 
6408 22 99999 2,5 16930 45 900 2,5 
6741 22 99999 2,5 17370 -8,9 99999 2,5 
6900 -40 99999 2,5 17831 -8,9 99999 2,5 
7191 -40 99999 2,5 17982 -8,9 99999 2,5 
7591 -40 2800 2,5 18359 28 99999 2,5 
7856 -40 99999 2,5 19300 -10 99999 2,5 
7900 -1,1 99999 2,5 20375 -10 99999 2,5 
8006 -1,1 4000 2,5 20515 -10 -750 2,5 
8414 -1,1 99999 2,5 20725 -10 -750 2,5 
8440 30 99999 2,5    
8564 30 2800 2,5    
8831 30 99999 2,5    
9089 30 99999 2,5    
9297 30 -1400 2,5    

10044 30 99999 2,5    
10276 30 99999 2,5    
10605 30 2200 2,5    
10820 4,2 2200 2,5    
11040 4,2 99999 2,5    
11368 4,2 99999 2,5    
12400 15 99999 2,5    
12929 15 99999 2,5    
13219 15 -2000 2,5    
13550 -33 -2000 2,5    
14246 -33 99999 2,5    
14536 -33 99999 2,5    
14750 -19 99999 2,5    
14984 -19 99999 2,5    
15345 -19 2500 2,5    

 



 

 

 
 
 
Czech Republic CZ V2. Road width: 24,5 (m). Speed limit: 130 (km/h) 

Coordinate 
(m) 

Gradient 
(‰) 

Horizontal
Radius 
(m) 

Super 
elevation
(%) 

Coordinate
(m) 

Gradient 
(‰) 

Horizontal 
Radius 
(m) 

Super 
elevation 
(%) 

4000 -44 99999 2,5 12533 -9,2 99999 2,5 
4057 -44 99999 2,5 12713 -9,2 -1125 2,5 
4245 -44 -3000 2,5 12750 -9,2 -1125 2,5 
4720 -44 -3000 2,5 12750 -9,2 -1125 2,5 
4720 -44 -3000 2,5 13055 26 -1125 2,5 
5155 -44 99999 2,5 13386 26 99999 2,5 
5335 -44 99999 2,5 13500 26 99999 2,5 
5343 -44 99999 2,5 13500 26 99999 2,5 
5523 -44 1250 2,5 13548 26 99999 2,5 
5942 -44 99999 2,5 13709 26 -1180 2,5 
6122 -44 99999 2,5 13800 -13 -1180 2,5 
6414 -44 99999 2,5 14246 -13 99999 2,5 
6704 -44 -2000 2,5 14426 -13 99999 2,5 
6809 22 -2000 2,5 15530 36 99999 2,5 
7001 22 99999 2,5 15827 36 99999 2,5 
7291 22 99999 2,5 16327 36 4000 2,5 
7385 22 99999 2,5 16400 36 4000 2,5 
7575 22 1250 2,5 16400 36 4000 2,5 
7802 22 99999 2,5 16626 36 99999 2,5 
7992 22 99999 2,5 17126 36 99999 2,5 
7996 22 99999 2,5 17370 -17 99999 2,5 
8186 22 -1250 2,5 18048 -17 99999 2,5 
8420 40 -1250 2,5 18348 -17 4000 2,5 
8494 40 -1250 2,5 18360 -17 99999 2,5 
8494 40 -1250 2,5 18660 -17 99999 2,5 
9027 40 99999 2,5 19350 -17 99999 2,5 
9217 40 99999 2,5 19350 -17 99999 2,5 
9280 21 99999 2,5 19670 34 99999 2,5 

10033 21 99999 2,5 20000 34 99999 2,5 
10223 21 1250 2,5    
10680 -9,2 1250 2,5    
11136 -9,2 99999 2,5    
11326 -9,2 99999 2,5    

 



 

 

France ESTny . Road width: 7 (m). Speed limit: 90 (km/h) 
Coordinate 
(m) 

Gradient 
(‰) 

Horizontal 
Radius 
(m) 

Super 
elevation
(%) 

Coordinate
(m) 

Gradient 
(‰) 

Horizontal 
Radius 
(m) 

Super 
elevation 
(%) 

0 -8 9999 2,5 7528 -3,5 9999 2,5 
309 -35 9999 2,5 7528 -3,5 9999 2,5 
498 -35 9999 2,5 7814 5 9999 2,5 
822 -35 9999 2,5 7872 5 600 2,5 
938 -35 9999 2,5 8183 5 9999 2,5 

1578 -35 900 2,5 8720 -25 900 2,5 
1878 -35 9999 2,5 9203 -25 900 2,5 
2042 -35 -900 -2,5 9203 -25 900 2,5 
2120 3,4 9999 -2,5 9319 28 9999 2,5 
2121 3,4 9999 2,5 9806 -26 9999 2,5 
2264 3,4 9999 2,5 10260 33 9999 2,5 
2416 3,4 -900 -2,5 10494 8,0 9999 2,5 
2501 3,4 9999 2,5 10979 -5,5 900 2,5 
2806 3,4 9999 -2,5 12481 3,5 9999 2,5 
2843 -3,5 9999 -2,5 12746 -34 9999 2,5 
2935 -3,5 9999 2,5 7528 -3,5 9999 2,5 
3268 4,9 9999 2,5 7528 -3,5 9999 2,5 
3515 4,9 -425 -4,25 7814 5 9999 2,5 
3642 4,9 9999 2,5 7872 5 600 2,5 
3797 -3,5 9999 2,5 8183 5 9999 2,5 
4131 3,5 850 2,5 8720 -25 900 2,5 
4835 -3,5 9999 2,5 9203 -25 900 2,5 
5179 -3,5 850 2,5 9203 -25 900 2,5 
5599 3,5 9999 2,5 9319 28 9999 2,5 
5672 -3,5 9999 2,5 9806 -26 9999 2,5 
5907 -3,5 100 7 10260 33 9999 2,5 
5907 7,4 9999 2,5 10494 8,0 9999 2,5 
6310 -3,5 9999 2,5 10979 -5,5 900 2,5 
6345 -3,5 9999 2,5 12481 3,5 9999 2,5 
6345 -3,5 9999 2,5 12746 -34 9999 2,5 
7207 3,5 9999 2,5    
7350 -3,5 9999 2,5    
7392 -3,5 9999 2,5    

 



 

 

France GEstny. Road width: 7 (m). Speed limit: 90 (km/h). 
Coordinate 
(m) 

Gradient 
(‰) 

Horizontal 
Radius 
(m) 

Super 
elevation
(%) 

Coordinate
(m) 

Gradient 
(‰) 

Horizontal 
Radius 
(m) 

Super 
elevation 
(%) 

0 -8 9999 2,5 9030 5 9999 2,5 
309 -35 9999 2,5 9300 5 9999 2,5 

1578 -35 900 2,5 9300 5 9999 2,5 
1878 -35 9999 2,5 9469 5 9999 2,5 
2042 -35 -900 -2,5 10329 5,33 9999 2,5 
2121 3,44 9999 2,5 10779 -3,5 9999 2,5 
2416 3,44 -900 -2,5 11794 3,5 9999 2,5 
2501 3,44 9999 2,5 12180 -3,5 900 2,5 
2806 3,44 9999 -2,5 12700 3,5 9999 2,5 
2843 -3,5 9999 -2,5 12902 3,5 600 2,5 
2935 -3,5 9999 2,5 13283 -3,26 9999 2,5 
3268 4,92 9999 2,5 13594 6,62 900 2,5 
3515 4,92 -425 -4,25 13793 -0,09 9999 2,5 
3642 4,92 9999 2,5 14393 -5,9 9999 2,5 
3797 -3,5 9999 2,5 14416 -5,9 1300 2,5 
4131 3,5 850 2,5 14480 3,33 9999 2,5 
4835 -3,5 9999 2,5 15026 3,33 -1300 2,5 
5179 -3,5 850 2,5 15203 -7,7 9999 2,5 
5599 3,5 9999 2,5 15409 -3,59 1300 2,5 
5672 -3,5 9999 2,5 15566 -3,59 9999 2,5 
5906 -3,5 100 7 15566 35,23 -329 2,5 
5906 7,38 9999 2,5 15699 35,23 9999 2,5 
6310 -3,5 9999 2,5 15787 -3,66 9999 2,5 
6345 -3,5 9999 2,5 15801 -3,66 9999 2,5 
6345 -3,5 9999 2,5 15884 -12,75 9999 2,5 
7207 3,5 9999 2,5 15948 -12,75 9999 2,5 
7350 -3,5 9999 2,5 15801 -33,94 250 7 
7392 -3,5 9999 2,5 15989 -33,94 9999 2,5 
7528 -3,5 9999 2,5    
7528 -3,5 9999 2,5    
8151 -3,5 600 2,5    
8304 -3,5 9999 -2,5    
8878 -3,5 -600 2,5    

 



 

 

France GWestny. Road width: 7 (m). Speed limit: 90 (km/h). 
Coordinate 
(m) 

Gradient 
(‰) 

Horizontal 
Radius 
(m) 

Super 
elevation
(%) 

0 -21,81 9999 2,5
263 -21,81 9999 2,5
345 -21,81 -600 -2,5
553 -13,45 9999 2,5
729 -35 9999 2,5
958 4 -1300 2,5

1230 20 9999 2,5
2577 3,5 9999 2,5
3234 3,5 900 2,5
3397 -3,5 9999 2,5
4064 -3,5 -900 2,5
4341 3,5 9999 2,5
5259 3,5 9999 2,5
5259 3,5 9999 2,5
5271 -3,5 -1300 2,5
5353 -3,5 9999 -2,5
5582 3,5 -900 2,5
6448 -3,5 9999 2,5
7113 -3,5 600 2,5
7656 6,14 9999 2,5
7924 15 9999 2,5
9427 15 9999 2,5
9427 15 9999 2,5
9465 6,15 9999 2,5
9800 -3,54 9999 2,5
9961 -3,5 900 2,5

10619 19,99 9999 2,5
11100 19,99 9999 -2,5
11100 19,99 -900 2,5
11473 -30 9999 2,5
11988 50 9999 2,5

12092,94 50 9999 2,5



 

 

 
France Westny. Road width: 7 (m). Speed limit: 90 (km/h). 
Coordinate 
(m) 

Gradient 
(‰) 

Horizontal 
Radius 
(m) 

Super 
elevation 
(%) 

0 -21,81 9999 2,5 
263 -21,81 9999 2,5 
345 -21,81 -600 -2,5 
553 -13,45 9999 2,5 
729 -35 9999 2,5 
958 4 -1300 2,5 

1230 20 9999 2,5 
2577 3,5 9999 2,5 
3043 3,5 9999 2,5 
3234 3,5 900 2,5 
3387 -3,5 9999 2,5 
4064 -3,5 -900 2,5 
4341 3,5 9999 2,5 
5259 3,5 9999 2,5 
5259 3,5 9999 2,5 
5271 -3,5 -1300 2,5 
5353 -3,5 9999 -2,5 
5582 3,5 -900 2,5 
6448 -3,5 9999 2,5 
7113 3,68 9999 2,5 
7208 3,68 1300 2,5 
7316 3,68 9999 2,5 
8365 15 425 2,5 
8706 5 9999 2,5 
9236 5 -600 2,5 
9482 15 9999 2,5 
9648 15 9999 2,5 
9648 15 9999 2,5 
9850 -2,5 -900 2,5 

10733 3,5 9999 2,5 
11356 -3,53 9999 2,5 
11826 3,54 9999 2,5 

 



 

 

 
Ireland route 01 (HA). Road width: 15 (m). Speed limit: 100 (km/h). 

Coordinate 
(m) 

Gradient 
(‰) 

Horizontal
Radius 
(m) 

Super 
elevation
(%) 

Coordinate
(m) 

Gradient 
(‰) 

Horizontal 
Radius 
(m) 

Super 
elevation 
(%) 

0 -4,4 9999 2,5 3190 -8,9 9999 2,5 
49 -4,4 9999 2,5 3262 -8,9 9999 2,5 

174 -4,4 510 6,93 3333 -8,9 9999 2,5 
240 -4,4 510 6,93 3433 -8,9 -720 4,91 
290 -0,82 510 6,93 3827 -8,9 -720 4,91 
316 1,7 510 6,93 3910 -8,9 9999 2,5 
340 4,0 620 5,5 3927 -8,2 9999 2,5 
440 11,6 9999 2,5 3960 -6,9 9999 2,5 
441 11,6 9999 2,5 4010 -5,0 9999 2,5 
463 11,6 -8160 2,5 4060 -3,2 9999 2,5 
905 11,6 -8160 2,5 4074 -2,8 9999 2,5 
950 10,6 -8160 2,5 4110 -1,4 1800 3,5 

1000 9,1 -8160 2,5 4160 0,49 750 4,5 
1050 7,8 -8160 2,5 4199 1,8 510 6,93 
1100 6,6 -8160 2,5 4210 2,3 510 6,93 
1150 5,4 -8160 2,5 4260 4,2 510 6,93 
1200 4,1 -8160 2,5 4310 6,0 510 6,93 
1250 2,9 -8160 2,5 4360 7,8 510 6,93 
1300 1,7 -8160 2,5 4410 9,5 510 6,93 
1350 0,4 -8160 2,5 4573 9,5 510 6,93 
1400 -0,8 -8160 2,5 4698 9,5 9999 2,5 
1983 -2,0 9999 2,5 4706 9,5 9999 2,5 
2246 -2,0 9999 2,5 4706 17 9999 2,5 
2250 -2,0 9999 2,5 4776 17 9999 2,5 
2250 -2,0 9999 2,5 4896 16 9999 2,5 
2345 -2,0 720 4,9 4996 12 9999 2,5 
2441 -2,0 720 4,9 5096 11 9999 2,5 
2540 -2,0 9999 2,5 5196 8,7 9999 2,5 
2937 -2,0 9999 2,5 5207 8,6 9999 2,5 
2990 -3,2 9999 2,5 5296 6,8 810 3,5 
3040 -4,3 9999 2,5 5307 6,7 720 4,9 
3090 -5,6 9999 2,5 5396 4,9 720 4,9 
3140 -7,2 9999 2,5 5496 3,0 720 4,9 

 



 

 

Ireland route 01 (HA) 
Coordinate 
(m) 

Gradient 
(‰) 

Horizontal 
Radius 
(m) 

Super 
elevation
(%) 

Coordinate
(m) 

Gradient 
(‰) 

Horizontal 
Radius 
(m) 

Super 
elevation 
(%) 

5596 1,1 720 4,9 10509 24 9999 2,5 
5676 -0,29 720 4,9 10606 5,6 9999 2,5 
5968 -0,29 720 4,9 10706 -12 9999 2,5 
6068 -0,29 9999 2,5 10811 -30 9999 2,5 
6626 -0,29 -4000 2,5 11556 -30 9999 2,5 
7496 -0,29 -4000 2,5 11656 -12 9999 2,5 
7556 3,5 -4000 2,5 11756 4,7 9999 2,5 
7606 6,4 -4000 2,5 11856 21 9999 2,5 
7656 9,2 -4000 2,5 12069 21 9999 2,5 
7656 9,2 -4000 2,5 12169 21 -720 4,9 
7706 12 -4000 2,5 12192 21 -720 4,9 
7744 14 9999 2,5 12292 21 9999 2,5 
7796 17 9999 2,5 12569 21 9999 2,5 
7896 17 9999 2,5 10509 24 9999 2,5 
7996 14 9999 2,5 10606 5,6 9999 2,5 
8096 12 9999 2,5 10706 -12 9999 2,5 
8196 9,4 9999 2,5 10811 -30 9999 2,5 
8296 6,9 9999 2,5 11556 -30 9999 2,5 
8396 4,4 9999 2,5 11656 -12 9999 2,5 
8496 1,9 9999 2,5 11756 4,7 9999 2,5 
8596 -0,56 9999 2,5 11856 21 9999 2,5 
8676 -2,4 9999 2,5 12069 21 9999 2,5 
8726 -2,4 9999 2,5 12169 21 -720 4,9 
8826 8,4 9999 2,5 12192 21 -720 4,9 
8926 19 9999 2,5 12292 21 9999 2,5 
9026 29 9999 2,5 12569 21 9999 2,5 
9126 39 9999 2,5    
9226 50 9999 2,5    
9247 51 8160 2,5    
9326 60 8160 2,5    

10311 60 8160 2,5    
10406 42 8160 2,5    
10506 24 8160 2,5    



 

 

Ireland route 02 (HB). Road width: 15 (m). Speed limit: 100 (km/h). 
Coordinate 
(m) 

Gradient 
(‰) 

Horizontal
Radius 
(m) 

Super 
elevation
(%) 

Coordinate
(m) 

Gradient 
(‰) 

Horizontal 
Radius 
(m) 

Super 
elevation 
(%) 

0 -4,41 9999 2,5 3190 -8,85 9999 2,5 
49 -4,41 9999 2,5 3262 -8,87 9999 2,5 

174 -4,41 510 6,93 3333 -8,87 9999 2,5 
240 -4,41 510 6,93 3433 -8,87 -720 4,91 
290 -0,82 510 6,93 3827 -8,87 -720 4,91 

316 1,73 510 6,93 3910 -8,87 9999 2,5 
340 3,97 620 5,5 3927 -8,23 9999 2,5 
440 11,55 9999 2,5 3960 -6,85 9999 2,5 
441 11,55 9999 2,5 4010 -5,01 9999 2,5 
463 11,55 -8160 2,5 4060 -3,18 9999 2,5 
905 11,55 -8160 2,5 4074 -2,82 9999 2,5 
950 10,55 -8160 2,5 4110 -1,35 1800 3,5 

1000 9,08 -8160 2,5 4160 0,49 750 4,5 
1050 7,84 -8160 2,5 4199 1,77 510 6,93 
1100 6,61 -8160 2,5 4210 2,32 510 6,93 
1150 5,38 -8160 2,5 4260 4,16 510 6,93 
1200 4,14 -8160 2,5 4310 5,99 510 6,93 
1250 2,91 -8160 2,5 4360 7,83 510 6,93 
1300 1,67 -8160 2,5 4410 9,48 510 6,93 
1350 0,44 -8160 2,5 4573 9,48 510 6,93 
1400 -0,8 -8160 2,5 4698 9,48 9999 2,5 
1983 -2,03 9999 2,5 4706 9,48 9999 2,5 
2246 -2,03 9999 2,5 4706 5,77 9999 2,5 
2250 -2,03 9999 2,5 4763 5,77 9999 2,5 
2250 -2,03 9999 2,5 4883 5,77 600 5,89 
2345 -2,03 720 4,9 5109 5,77 600 5,89 
2441 -2,03 720 4,9 5229 5,77 9999 2,5 
2540 -2,03 9999 2,5 5564 5,77 8160 2,5 
2937 -2,03 9999 2,5 5681 5,77 9999 2,5 
2990 -3,24 9999 2,5 7271 5,77 9999 2,5 
3040 -4,29 9999 2,5 7316 5,32 9999 2,5 
3090 -5,55 9999 2,5 7371 4,86 9999 2,5 
3140 -7,24 9999 2,5 7406 4,86 9999 2,5 

 



 

 

Ireland route 02 (HB). Road width: 15 (m). Speed limit: 100 (km/h). 
Coordinate 
(m) 

Gradient 
(‰) 

Horizontal
Radius 
(m) 

Super 
elevation
(%) 

Coordinate
(m) 

Gradient 
(‰) 

Horizontal 
Radius 
(m) 

Super 
elevation 
(%) 

7406 4,86 9999 2,5 11376 -20,6 9999 2,5 
7416 4,43 -1590 3 11426 -12,06 9999 2,5 
7441 4,22 -1020 3,47 11476 -3,52 9999 2,5 
7466 3,95 -1020 3,47 11526 5,02 9999 2,5 
7522 3,48 -1020 3,47 11576 13,56 9999 2,5 

7571 3,04 -3260 2,5 11621 20,39 9999 2,5 
7592 3,04 9999 2,5 11861 20,39 9999 2,5 
8377 3,04 9999 2,5 11961 20,39 -720 4,91 
8447 3,04 1020 3,47 11983 20,39 -720 4,91 
8473 3,04 1020 3,47 12083 20,39 9999 2,5 
8543 3,04 9999 2,5 12361 20,39 9999 2,5 
8636 3,04 9999 2,5    
8686 10,39 9999 2,5    
8736 17,83 9999 2,5    
8786 24,88 9999 2,5    
8799 26,11 8160 2,5    
8836 31,93 8160 2,5    
8886 38,97 8160 2,5    
8936 46,02 8160 2,5    
8986 53,06 8160 2,5    
9036 59,4 8160 2,5    

10096 59,4 8160 2,5    
10146 49,48 8160 2,5    
10196 40,45 8160 2,5    
10246 31,43 8160 2,5    
10296 23,2 9999 2,5    
10346 13,38 9999 2,5    
10396 4,35 9999 2,5    
10446 -4,67 9999 2,5    
10496 -13,7 9999 2,5    
10546 -22,72 9999 2,5    
10596 -30,84 9999 2,5    
11321 -30,84 9999 2,5    

 



 

 

Ireland route 03 (MC). Road width: 15 (m). Speed limit: 100 (km/h). 
Coordinate 
(m) 

Gradient 
(‰) 

Horizontal
Radius 
(m) 

Super 
elevation
(%) 

Coordinate
(m) 

Gradient 
(‰) 

Horizontal 
Radius 
(m) 

Super 
elevation 
(%) 

0 -9,21 9999 2,5 2405 20,21 980 3,61 
90 -9,21 9999 2,5 2410 20,74 1044 3,23 

170 -0,92 9999 2,5 2480 20,74 9999 2,5 
202 1,73 9999 2,5 2950 20,74 9999 2,5 
220 3,96 2800 3,5 3010 14,25 9999 2,5 

290 10,29 574 5,87 3110 4,25 9999 2,5 
301 10,29 510 6,93 3210 -5,75 9999 2,5 
513 10,29 510 6,93 3310 -15,75 9999 2,5 
612 10,29 9999 2,5 3410 -25,74 9999 2,5 
900 10,29 9999 2,5 3450 -29,24 9999 2,5 

1000 7,68 9999 2,5 3574 -29,24 9999 2,5 
1100 5,18 9999 2,5 3674 -29,24 720 4,91 
1200 2,69 9999 2,5 3710 -29,24 720 4,91 
1273 0,98 9999 2,5 3810 -21,79 720 4,91 
1300 0,2 -2700 3 3910 -14,69 720 4,91 
1372 -1,49 -720 4,91 3960 -11,45 720 4,91 
1400 -2,29 -720 4,91 4010 -7,94 1425 2,5 
1465 -3,79 -720 4,91 4060 -7,94 9999 2,5 
1500 -4,79 -1100 3 4113 -7,94 9999 2,5 
1564 -6,26 9999 2,5 4113 1,79 9999 2,5 
1600 -7,28 9999 2,5 4121 1,79 9999 2,5 
1700 -9,77 9999 2,5 4193 1,79 -378 6,5 
1800 -12,27 9999 2,5 4196 1,86 -360 7 
1860 -13,64 9999 2,5 4274 3,5 -360 7 
2110 -13,64 9999 2,5 4293 3,98 -420 5 
2157 -8,15 9999 2,5 4399 6,11 9999 2,5 
2210 -1,64 9999 2,5 4400 6,13 9999 2,5 
2232 0,45 980 3,61 4475 7,69 720 4,9 
2260 4,13 980 3,61 4503 8,36 720 4,9 
2300 4,13 980 3,61 4593 10,14 720 4,9 
2300 4,13 980 3,61 5033 10,14 720 4,9 
2310 9,86 980 3,61 5060 9,91 720 4,9 
2360 15,59 980 3,61 5135 9,29 9999 2,5 

 



 

 

Ireland route 03 (MC). Road width: 15 (m). Speed limit: 100 (km/h). 
Coordinate 
(m) 

Gradient 
(‰) 

Horizontal
Radius 
(m) 

Super 
elevation
(%) 

Coordinate
(m) 

Gradient 
(‰) 

Horizontal 
Radius 
(m) 

Super 
elevation 
(%) 

5183 8,85 9999 2,5 10145 -19,45 -720 4,91 
5233 8,47 9999 2,5 10244 -19,45 9999 2,5 
5844 8,47 8160 2,5 10304 -19,45 9999 2,5 
6512 8,47 8160 2,5 10403 -19,45 720 4,91 
6512 8,47 8160 2,5 10556 -19,45 720 4,91 

6708 8,47 8160 2,5 10643 -19,45 5576 2,5 
6803 6,29 8160 2,5 10655 -17,63 9999 2,5 
6903 4,1 8160 2,5 10743 -4,45 9999 2,5 
7003 1,92 8160 2,5 10843 9,84 9999 2,5 
7016 1,74 9999 2,5 10943 23,41 9999 2,5 
7103 -0,27 9999 2,5 11469 23,41 9999 2,5 
7203 -2,45 9999 2,5 10145 -19,45 -720 4,91 
7303 -4,64 9999 2,5 10244 -19,45 9999 2,5 
7358 -5,73 9999 2,5 10304 -19,45 9999 2,5 
7553 -5,73 9999 2,5 10403 -19,45 720 4,91 
7653 5,75 9999 2,5 10556 -19,45 720 4,91 
7753 16,68 9999 2,5 10643 -19,45 5576 2,5 
7853 27,61 9999 2,5 10655 -17,63 9999 2,5 
7953 38,55 9999 2,5 10743 -4,45 9999 2,5 
8053 49,48 9999 2,5 10843 9,84 9999 2,5 
8153 59,86 9999 2,5 10943 23,41 9999 2,5 
8790 59,86 9999 2,5 11469 23,41 9999 2,5 
8865 59,86 980 3,6    
9108 59,86 980 3,6    
9213 40,48 980 3,6    
9251 34,6 980 3,6    
9313 22,85 5500 2,8    
9326 21,38 9999 2,5    
9413 5,22 9999 2,5    
9513 -12,4 9999 2,5    
9558 -19,45 9999 2,5    
9605 -19,45 9999 2,5    
9704 -19,45 -720 4,91    

 



 

 

Ireland route 04 (MD). Road width: 15 (m). Speed limit: 100 (km/h). 
Coordinate 
(m) 

Gradient 
(‰) 

Horizontal
Radius 
(m) 

Super 
elevation
(%) 

Coordinate
(m) 

Gradient 
(‰) 

Horizontal 
Radius 
(m) 

Super 
elevation 
(%) 

0 -9,21 9999 2,5 2405 20,21 980 3,61 
90 -9,21 9999 2,5 2410 20,74 1044 3,23 

170 -0,92 9999 2,5 2480 20,74 9999 2,5 
202 1,73 9999 2,5 2950 20,74 9999 2,5 
220 3,96 2800 3,5 3010 14,25 9999 2,5 

290 10,29 574 5,87 3110 4,25 9999 2,5 
301 10,29 510 6,93 3210 -5,75 9999 2,5 
513 10,29 510 6,93 3310 -15,75 9999 2,5 
612 10,29 9999 2,5 3410 -25,74 9999 2,5 
900 10,29 9999 2,5 3450 -29,24 9999 2,5 

1000 7,68 9999 2,5 3574 -29,24 9999 2,5 
1100 5,18 9999 2,5 3674 -29,24 720 4,91 
1200 2,69 9999 2,5 3710 -29,24 720 4,91 
1273 0,98 9999 2,5 3810 -21,79 720 4,91 
1300 0,2 -2700 3 3910 -14,69 720 4,91 
1372 -1,49 -720 4,91 3960 -11,45 720 4,91 
1400 -2,29 -720 4,91 4010 -7,94 1425 2,5 
1465 -3,79 -720 4,91 4060 -7,94 9999 2,5 
1500 -4,79 -1100 3 4113 -7,94 9999 2,5 
1564 -6,26 9999 2,5 4113 1,02 9999 2,5 
1600 -7,28 9999 2,5 4253 1,02 510 6,93 
1700 -9,77 9999 2,5 4340 1,02 510 6,93 
1800 -12,27 9999 2,5 4480 1,02 9999 2,5 
1860 -13,64 9999 2,5 4561 1,02 9999 2,5 
2110 -13,64 9999 2,5 4660 1,02 -720 4,91 
2157 -8,15 9999 2,5 4886 1,02 -720 4,91 
2210 -1,64 9999 2,5 4986 4,52 -720 4,91 
2232 0,45 980 3,61 5086 7,81 -720 4,91 
2260 4,13 980 3,61 5093 7,81 -720 4,91 
2300 4,13 980 3,61 5192 7,81 9999 2,5 
2300 4,13 980 3,61 6113 7,81 9999 2,5 
2310 9,86 980 3,61 6113 7,81 9999 2,5 
2360 15,59 980 3,61 6181 7,81 9999 2,5 

 



 

 

Ireland route 04 (MD). Road width: 15 (m). Speed limit: 100 (km/h). 
Coordinate 
(m) 

Gradient 
(‰) 

Horizontal
Radius 
(m) 

Super 
elevation
(%) 

Coordinate
(m) 

Gradient 
(‰) 

Horizontal 
Radius 
(m) 

Super 
elevation 
(%) 

6283 10,42 9999 2,5 9613 -14,46 9999 2,5 
6391 13,13 9999 2,5 9656 -18,28 9999 2,5 
6876 13,13 9999 2,5 9806 -18,28 9999 2,5 
6973 10,53 9999 2,5 9905 -18,28 720 4,91 
7073 7,98 9999 2,5 10464 -18,28 720 4,91 

7173 5,42 9999 2,5 10506 -18,28 1262 2,5 
7273 2,86 9999 2,5 10563 -11,99 9999 2,5 
7311 2,01 9999 2,5 10613 -5,87 9999 2,5 
7386 0,09 980 3,61 10647 -2,53 9999 2,5 
7456 -1,71 980 3,61 10713 5,27 -1100 3 
7666 -1,71 980 3,61 10746 8,5 -720 4,91 
7711 5,27 980 3,61 10813 16,41 -720 4,91 
7786 16,95 9999 2,5 10863 21,99 -720 4,91 
7823 23,4 9999 2,5 10906 26,3 -720 4,91 
7873 31,19 9999 2,5 11160 26,3 -720 4,91 
7923 38,97 9999 2,5 11259 26,3 9999 2,5 
7973 46,76 9999 2,5 11498 26,3 9999 2,5 
8023 54,55 9999 2,5    
8066 60,58 9999 2,5    
8856 60,58 9999 2,5    
8963 49,61 9999 2,5    
9013 44,68 9999 2,5    
9053 41,2 9999 2,5    
9113 34,82 -1200 3    
9152 31,44 -720 4,91    
9213 24,97 -720 4,91    
9227 24,02 -720 4,91    
9263 20,04 -1100 3    
9326 14,26 9999 2,5    
9413 5,25 9999 2,5    
9473 -0,08 9999 2,5    
9513 -4,6 9999 2,5    
9563 -9,53 9999 2,5    

 
 
 



 

 

Ireland route 05 (MG). Road width: 15 (m). Speed limit: 100 (km/h). 
Coordinate 
(m) 

Gradient 
(‰) 

Horizontal
Radius 
(m) 

Super 
elevation
(%) 

Coordinate
(m) 

Gradient 
(‰) 

Horizontal 
Radius 
(m) 

Super 
elevation 
(%) 

0 -9,21 9999 2,5 2405 20,21 980 3,61 
90 -9,21 9999 2,5 2410 20,74 1044 3,23 

170 -0,92 9999 2,5 2480 20,74 9999 2,5 
202 1,73 9999 2,5 2950 20,74 9999 2,5 
220 3,96 2800 3,5 3010 14,25 9999 2,5 

290 10,29 574 5,87 3110 4,25 9999 2,5 
301 10,29 510 6,93 3210 -5,75 9999 2,5 
513 10,29 510 6,93 3310 -15,75 9999 2,5 
612 10,29 9999 2,5 3410 -25,74 9999 2,5 
900 10,29 9999 2,5 3450 -29,24 9999 2,5 

1000 7,68 9999 2,5 3574 -29,24 9999 2,5 
1100 5,18 9999 2,5 3674 -29,24 720 4,91 
1200 2,69 9999 2,5 3710 -29,24 720 4,91 
1273 0,98 9999 2,5 3810 -21,79 720 4,91 
1300 0,2 -2700 3 3910 -14,69 720 4,91 
1372 -1,49 -720 4,91 3960 -11,45 720 4,91 
1400 -2,29 -720 4,91 4010 -7,94 1425 2,5 
1465 -3,79 -720 4,91 4060 -7,94 9999 2,5 
1500 -4,79 -1100 3 4113 -7,94 9999 2,5 
1564 -6,26 9999 2,5 4113 5,95 9999 2,5 
1600 -7,28 9999 2,5 4357 5,95 9999 2,5 
1700 -9,77 9999 2,5 4383 5,95 2815 2,5 
1800 -12,27 9999 2,5 4456 4,34 720 4,91 
1860 -13,64 9999 2,5 4513 3 720 4,91 
2110 -13,64 9999 2,5 4613 0,82 720 4,91 
2157 -8,15 9999 2,5 4638 0,37 720 4,91 
2210 -1,64 9999 2,5 4683 -0,6 1309 2,5 
2232 0,45 980 3,61 4737 -0,6 9999 2,5 
2260 4,13 980 3,61 5345 -0,6 -2880 2,5 
2300 4,13 980 3,61 5718 -0,6 9999 2,5 
2300 4,13 980 3,61 5933 -0,6 9999 2,5 
2310 9,86 980 3,61 5983 4,64 9999 2,5 
2360 15,59 980 3,61 6053 11,3 9999 2,5 

 



 

 

Ireland route 05 (MG). Road width: 15 (m). Speed limit: 100 (km/h). 
Coordinate 
(m) 

Gradient 
(‰) 

Horizontal
Radius 
(m) 

Super 
elevation
(%) 

Coordinate
(m) 

Gradient 
(‰) 

Horizontal 
Radius 
(m) 

Super 
elevation 
(%) 

6133 18,45 9999 2,5 11513 39 -510 6,9 
6253 18,45 9999 2,5 11583 60 -510 6,9 
6353 15,91 9999 2,5 12336 60 -510 6,9 
6391 15,1 -9800 2,5 12383 60 -812 3,4 
6453 13,5 -9800 2,5 12461 58 9999 2,5 

6553 11,09 -9800 2,5 12563 55 9999 2,5 
6653 8,67 -9800 2,5 12663 53 9999 2,5 
6753 6,26 -9800 2,5 12763 50 9999 2,5 
6853 3,85 -9800 2,5 12745 51 9999 2,5 
6953 1,43 -9800 2,5 12843 48 459 4,9 
7053 -0,98 -9800 2,5 12870 48 360 7 
7153 -3,39 -9800 2,5 13063 48 360 7 
7253 -5,81 -9800 2,5 13188 48 9999 2,5 
7293 -6,65 -9800 2,5 13190 48 9999 2,5 
8164 -6,65 9999 2,5    
8913 -6,65 9999 2,5    
8913 -6,65 9999 2,5    
9003 -6,65 9999 2,5    
9073 -0,53 9999 2,5    
9133 4,36 9999 2,5    
9203 9,67 9999 2,5    
9364 9,67 9999 2,5    
9463 9,67 720 4,91    
9783 9,67 720 4,91    
9823 5,36 720 4,91    
9883 -0,43 720 4,91    
9902 -1,75 720 4,91    
9923 -3,74 912 2,5    

10001 -3,74 9999 2,5    
10889 -3,74 9999 2,5    
11014 -3,74 -510 6,93    
11383 -3,74 -510 6,93    
11433 13,71 -510 6,93    

 
 



 

 

Portugal sol 1. Road width: 26,1 (m). Speed limit: 100 (km/h). 
Coordinate 
(m) 

Gradient 
(‰) 

Horizontal
Radius 
(m) 

Super 
elevation
(%) 

Coordinate
(m) 

Gradient 
(‰) 

Horizontal 
Radius 
(m) 

Super 
elevation 
(%) 

41748 41 9999 2,50 50817 50 9999 2,50 
41813 41 9999 2,5 50942 50 9999 2,50 
41964 41 -700 7,00 51199 50 9999 2,50 
42121 41 -700 7,00 51524 37 9999 2,50 
42975 -30 9999 2,5 51592 37 9999 2,50 
43105 -41 9999 2,50 51736 37 -1250 6,50 
43126 -41 9999 2,50 52134 37 9999 2,50 
43326 -41 9999 2,50 52279 37 9999 2,50 
43476 -41 600 7,00 52853 37 9999 2,50 
43644 -41 600 7,00 52998 37 -800 7,00 
44281 50 600 7,00 53071 37 -800 7,00 
44758 50 9999 2,5 53890 -22 -800 7,00 
44908 50 9999 2,50 54112 -22 -800 7,00 
45655 50 9999 2,5 54255 -14 9999 2,50 
45805 50 -450 7,00 54400 -6 9999 2,50 
46405 50 9999 2,5 54418 -5 700 7,00 
46555 50 9999 2,5 54551 -5 700 7,00 
46704 50 420 7,00 55192 -5 700 7,00 
47132 50 9999 2,5 55257 -10 9999 2,50 
47281 50 9999 2,50 55408 -20 9999 2,50 
47887 50 9999 2,50 55514 -28 9999 2,50 
48025 50 650 7,00 55934 -28 9999 2,50 
48281 50 9999 2,50 56092 -19 9999 2,50 
48419 50 9999 2,50 56240 -10 -1000 7,00 
48569 50 -600 7,00 56252 -10 -1000 7,00 
49172 50 -600 7,00 56879 -10 -1000 7,00 
49389 39 9999 2,50 57080 -29 9999 2,50 
49472 35 9999 2,50 57240 -42 9999 2,50 
49539 35 9999 2,50 57295 -45 9999 2,50 
49845 35 9999 2,50 57366 -45 9999 2,50 
49959 41 9999 2,50     
50084 47 500 7,00     
50145 50 500 7,00     

 
 
 



 

 

Portugal sol 2 Road width: 26,1 (m). Speed limit: 100 (km/h). 
Coordinate 
(m) 

Gradient 
(‰) 

Horizontal
Radius 
(m) 

Super 
elevation
(%) 

Coordinate
(m) 

Gradient 
(‰) 

Horizontal 
Radius 
(m) 

Super 
elevation 
(%) 

41748 41 9999 2,50 50130 -5 9999 2,50 
41813 41 9999 2,50 50246 -5 9999 2,50 
41964 41 -700 7,00 50501 -5 9999 2,50 
42121 41 -700 7,00 50638 -5 -900 7,00 
42975 -30 9999 2,50 50646 -5 -900 7,00 
43105 -41 9999 2,50 51009 10 -900 7,00 
43126 -41 9999 2,50 51044 10 9999 2,50 
43326 -41 9999 2,50 51180 10 9999 2,50 
43476 -41 600 7,00 51510 10 9999 2,50 
43644 -41 600 7,00 51651 10 -1000 7,00 
44281 50 600 7,00 51883 10 9999 2,50 
44758 50 9999 2,50 52023 10 9999 2,50 
44908 50 9999 2,50 52123 10 9999 2,50 
45655 50 9999 2,50 52140 10 9999 2,50 
45805 50 -450 7,00 52281 10 1000 7,00 
46405 50 9999 2,50 52316 10 1000 7,00 
46555 50 9999 2,50 52561 6 9999 2,50 
46704 50 420 7,00 52632 5 9999 2,50 
47132 50 9999 2,50 52702 5 9999 2,5 
47281 50 9999 2,50 52924 5 -1900 5,00 
47800 50 9999 2,50 53030 5 9999 2,50 
47800 50 9999 2,50 53252 5 9999 2,50 
47887 50 9999 2,50 53601 5 9999 2,50 
48025 50 650 7,00 53735 5 1020 7,00 
48281 50 9999 2,50 53835 5 9999 2,50 
48419 50 9999 2,50 53863 5 9999 1,96 
48569 50 -600 7,00 53969 16 9999 2,50 
48886 50 9999 2,50 54073 26 -600 7,00 
49036 50 9999 2,50 54163 35 -600 7,00 
49212 50 9999 2,50 54524 35 9999 2,50 
49348 50 900 7,00 54628 35 9999 2,50 
49470 50 900 7,00 54699 35 9999 2,50 
50110 -3 9999 2,50 54847 35 920 7,00 

 



 

 

Portugal sol 2. Road width: 26,1 (m). Speed limit: 100 (km/h). 
Coordinate 
(m) 

Gradient 
(‰) 

Horizontal
Radius 
(m) 

Super 
elevation
(%) 

Coordinate
(m) 

Gradient 
(‰) 

Horizontal 
Radius 
(m) 

Super 
elevation 
(%) 

54919 35 9999 2,50     
54989 35 9999 2,50     
55067 39 9999 2,50     
55289 50 9999 2,50     
55336 50 9999 2,50     
55468 50 -680 7,00     
55566 50 -680 7,00     
55868 25 9999 2,50     
55986 15 9999 2,50     
56001 15 9999 2,50     
56306 15 9999 2,50     
56434 15 -450 7,00     
56476 15 -450 7,00     
56776 -10 9999 2,50     
56904 -21 9999 2,50     
56968 -26 9999 4,11     
57014 -26 9999 6,18     
57032 -23 570 7,00     
57326 26 570 7,00     
57348 26 9999 2,50     
57476 26 9999 2,50     
57524 26 -250 7,00     
57603 26 9999 2,50     
57651 26 9999 2,50     
57668 26 9999 2,50     

       
       
       
       
       
       
       
       

 
 



 

 

Sweden bridge. Road width: 18,5 (m). Speed limit: 90 (km/h). 
Coordinate 
(m) 

Gradient 
(‰) 

Horizontal
Radius 
(m) 

Super 
elevation
(%) 

Coordinate
(m) 

Gradient 
(‰) 

Horizontal 
Radius 
(m) 

Super 
elevation 
(%) 

900 4 -500 4 3657 -39 2174 2,5 
930 -3 -500 4 3666 -31 9999 2,5 

1062 -10 9999 2,5 3764 -16 9999 2,5 
1068 -10 9999 2,5 3862 -7 9999 2,5 
1155 -7 9999 2,5 3888 -1 -2000 2,5 

1204 4 1493 2,5 3929 2 -2000 2,5 
1324 13 1493 2,5 4096 2 -5000 2,5 
1355 15 1493 2,5 4362 2 9999 2,5 
1411 14 1493 2,5 4545 0 9999 2,5 
1429 5 599 4 4597 -8 4000 2,5 
1564 -7 599 4 4723 -13 4000 2,5 
1655 -15 599 4 4768 -10 4000 2,5 
1726 -14 599 4 4797 1 4000 2,5 
1757 -6 901 4 4840 1 4000 2,5 
1974 1 901 4 4840 1 4000 2,5 
1981 1 2000 2,5 4962 9 4000 2,5 
2149 1 3030 2,5 4980 10 4000 2,5 
2180 1 3030 2,5 5014 10 9999 2,5 
2180 1 3030 2,5 5045 8 9999 2,5 
2333 9 3030 2,5 5100 3 -4000 2,5 
2453 23 3030 2,5 5243 -1 -4000 2,5 
2563 4 3030 2,5 5449 -1 9999 2,5 
2591 4 -1099 2,5 5512 -1 5000 2,5 
2608 14 -1099 2,5 5530 -3 5000 2,5 
2728 29 -1099 2,5 5690 -5 5000 2,5 
2837 36 -1099 2,5 5785 -5 9999 2,5 
2849 28 -1099 2,5 5850 -3 9999 2,5 
2954 13 -1099 2,5 5871 6 -1000 2,5 
3059 -2 -1099 2,5 5950 6 -1000 2,5 
3164 -16 -1099 2,5 5950 6 -1000 2,5 
3269 -28 -1099 2,5 5954 21 -1000 2,5 
3327 -36 2174 2,5 6036 30 -1000 2,5 
3380 -40 2174 2,5 6045 30 -1000 2,5 

 



 

 

 Sweden bridge. Road width: 18,5 (m). Speed limit: 90 (km/h). 
Coordinate 
(m) 

Gradient 
(‰) 

Horizontal
Radius 
(m) 

Super 
elevation
(%) 

Coordinate
(m) 

Gradient 
(‰) 

Horizontal 
Radius 
(m) 

Super 
elevation 
(%) 

6070 30 -3030 2,5    
6138 26 -3030 2,5    
6236 14 -1493 2,5    
6384 8 -1493 2,5    
6408 8 -2000 2,5    

6564 8 -1000 2,5    
6070 30 -3030 2,5    
6138 26 -3030 2,5    
6236 14 -1493 2,5    
6384 8 -1493 2,5    
6408 8 -2000 2,5    
6564 8 -1000 2,5    
6070 30 -3030 2,5    
6138 26 -3030 2,5    
6236 14 -1493 2,5    
6384 8 -1493 2,5    
6408 8 -2000 2,5    
6564 8 -1000 2,5    

    
    
    
    
    
    
    
    
    
    
    
    
    
    
    

 
 
  
 
 



 

 

 Sweden tunnel. Road width: 18,5 (m). Speed limit: 90 (km/h). 
Coordinate 
(m) 

Gradient 
(‰) 

Horizontal
Radius 
(m) 

Super 
elevation
(%) 

Coordinate
(m) 

Gradient 
(‰) 

Horizontal 
Radius 
(m) 

Super 
elevation 
(%) 

900 4 -500 4 2881 -30 -1099 2,5 
930 -3 -500 4 2954 -30 -1099 2,5 

1062 -10 9999 2,5 2981 -14 -1099 2,5 
1068 -10 9999 2,5 3059 -14 -1099 2,5 
1155 -7 9999 2,5 3081 8 -1099 2,5 

1204 4 1493 2,5 3164 8 -1099 2,5 
1324 13 1493 2,5 3181 32 -1099 2,5 
1355 15 1493 2,5 3269 32 -1099 2,5 
1411 14 1493 2,5 3281 44 -1099 2,5 
1429 5 599 4 3327 44 2174 2,5 
1564 -7 599 4 3380 44 2174 2,5 
1655 -12 599 4 3381 34 2174 2,5 
1726 -11 599 4 3481 22 2174 2,5 
1757 -3 901 2,5 3520 22 2174 2,5 
1974 4 901 2,5 3581 6 2174 2,5 
1981 4 2000 2,5 3657 6 2174 2,5 
2149 4 3030 2,5 3666 6 9999 2,5 
2172 4 3030 2,5 3681 6 9999 2,5 
2178 4 3030 2,5 3764 6 9999 2,5 
2180 4 3030 2,5 3813 6 9999 2,5 
2180 4 3030 2,5 3838 6 9999 2,5 
2181 -30 3030 2,5 3850 6 9999 2,5 
2184 -30 3030 2,5 3862 6 9999 2,5 
2195 -30 3030 2,5 3888 -1 -2000 2,5 
2241 -30 3030 2,5 3929 2 -2000 2,5 
2333 -30 3030 2,5 4096 2 -5000 2,5 
2453 -30 3030 2,5 4362 2 9999 2,5 
2563 -30 3030 2,5 4545 0 9999 2,5 
2591 -30 -1099 2,5 4597 -8 4000 2,5 
2608 -30 -1099 2,5 4723 -13 4000 2,5 
2728 -30 -1099 2,5 4768 -10 4000 2,5 
2837 -30 -1099 2,5 4797 1 4000 2,5 
2849 -30 -1099 2,5 4840 1 4000 2,5 

 



 

 

 Sweden tunnel. Road width: 18,5 (m). Speed limit: 90 (km/h). 
Coordinate 
(m) 

Gradient 
(‰) 

Horizontal
Radius 
(m) 

Super 
elevation
(%) 

Coordinate
(m) 

Gradient 
(‰) 

Horizontal 
Radius 
(m) 

Super 
elevation 
(%) 

4840 1 4000 2,5    
4962 9 4000 2,5    
4980 10 4000 2,5    
5014 10 9999 2,5    
5045 8 9999 2,5    

5100 3 -4000 2,5    
5243 -1 -4000 2,5    
5449 -1 9999 2,5    
5512 -1 5000 2,5    
5530 -3 5000 2,5    
5690 -5 5000 2,5    
5785 -5 9999 2,5    
5850 -3 9999 2,5    
5871 6 -1000 2,5    
5950 6 -1000 2,5    
5950 6 -1000 2,5    
5954 21 -1000 2,5    
6036 30 -1000 2,5    
6045 30 -1000 2,5    
6070 30 -3030 2,5    
6138 26 -3030 2,5    
6236 14 -1493 2,5    
6384 8 -1493 2,5    
6408 8 -2000 2,5    
6564 8 -1000 2,5    
6620 8 -1000 2,5    

    
    
    
    
    
    
    

 
 



 

 

Appendix 2:  Specific energy use on a section level 
 
Specific energy use (MJ/10km). Czech Republic. 
Road Section Car Truck Truck+trailer 
 From To    

CZ-V1 4,00 4,72 19,7 99,1 160,5 
 4,72 6,41 19 92,7 140,8 
 6,41 7,91 19,8 93,2 128,9 
 7,91 15,13 19,5 81 109,9 
 15,13 16,91 19,1 77,6 105,3 
 16,91 20,73 19,7 86,6 116,1 
 4,00 20,73    

CZ-V2 4,00 4,72 20 99,6 160,5 
 4,72 8,49 19,2 89,5 127,5 
 8,49 12,75 19,5 83 107,6 
 12,75 13,50 19,5 79 88,8 
 13,50 16,40 19,3 84,3 107,9 
 16,40 19,35 19,6 87,7 116,8 
 19,35 20,00 19,3 82,6 110,1 
 4,00 20,00    

 
 
Specific energy use (MJ/10km).France 
Road Section Car Truck Truck+trailer 
 From To    
East 0,00 6,35 17,8 84,2 112,7 
 6,35 7,53 17,6 87,6 107 
 7,53 9,20 17,6 80,6 103,1 
 9,20 12,75 17,7 79,6 104,2 
 0,00 12,75 17,8 82,7 108,5 
Grand 
East 0,00 6,35 

17,8 84,2 112,7 

 6,35 7,53 17,6 87,6 106,9 
 7,53 9,30 17,5 78,4 98,2 
 9,30 15,99 17,5 76,5 98,8 
 0,00 15,99 17,6 80,6 105,1 
Grand 
West 0,00 5,26 

17,6 78,7 102,9 

 5,26 9,43 17,5 79,4 100,3 
 9,43 12,09 17,7 82,4 105,8 
 0,00 12,09 17,6 79,8 102,7 
West 0,00 5,26 17,6 78,7 102,9 
 5,26 9,65 17,5 78,7 100,6 
 9,65 11,83 17,4 76,3 98,3 
 0,00 11,83 17,5 78,3 101,3 
 



 

 

 
Specific energy use (MJ/10km).Ireland 
Road Section Car Truck Truck+trailer 
 From To    

01 0 2,25 18,1 75,7 97,5 
(HA) 2,25 4,706 18,1 73,9 97,5 

  4,706 7,656 18,2 71,6 95,7 
  7,656 12,569 18,9 93 126,4 
 0 12,569 18,4 82 108,8 

02 0 2,25 18,2 75,8 98,2 
(HB) 2,25 4,706 18 74,8 96,1 

  4,706 7,406 18,2 76,4 97,2 
  7,406 12,361 18,9 91,5 125,3 
 0 12,361 18,5 82,2 108,6 

03 0 2,30 18,2 79,4 98,9 
(MC) 2,3 4,113 18,4 84 106 

  4,113 6,512 18,2 81 99,4 
  6,512 11,469 18,7 91,2 122,2 
 0 11,469 18,4 85,6 110,2 

04 0 2,30 18,2 79,4 98,9 
(MD) 2,3 4,113 18,4 83,8 106 

  4,113 6,113 18 75 96,4 
  6,113 11,498 18,7 90,3 120,9 
 0,0 11,498 18,4 84,7 110,2 

05 0,0 2,30 18,2 79,4 98,9 
(MG) 2,300 4,113 18,4 83,8 106 

  4,113 8,913 18,2 75 96,8 
  8,913 13,19 18,8 89,9 122,3 
 0,0 13,19 18,4 81,8 106,7 

 
 
Specific energy use (MJ/10km).Portugal 
Road Section Car Truck Truck+trailer 
 From To    

S1 41,748 57,368 19,8 98,7 140,4 
S2 41,748 57,668 19,7 96,5 134,8 

 



 

 

Specific energy use (MJ/10km). Sweden 
Road Section Car Truck Truck+trailer 
 From To    

Bridge 0,9 2,18 17,80 80,10 91,00 
 2,18 4,84 18,10 80,80 102,20 
 4,84 5,95 17,80 77,70 87,50 
 5,95 6,62 18,00 80,40 105,20 
 0,9 6,62 18,00 80,00 97,20 

Tunnel 0,9 2,18 17,80 67,50 98,00 
 2,18 4,84 18,20 73,50 102,00 
 4,84 5,95 17,80 65,50 95,50 
 5,95 6,62 18,00 71,50 100,50 
 0,9 6,62 18,00 70,00 100,00 
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1. Introduction 
 
1.1 Background 
At the first Partner’s Meeting in Tramore (January 19th – 21st 2004), the 
partners decided to set up working groups as an operational mechanism to 
assist in programming the project. A geotechnical study group was set up 
comprising the following partners. 
 
� Brian P. Connor & Associates Ltd (Ireland) (Brian P. Connor) 
� CDV (Czech Republic)    (Karel Pospisil) 
� Gaudriot (France)    (Philippe Dumas) 
 
The group held three formal meetings: 
 
1st Meeting  Tramore (19th – 21st January 2004) 
2nd Meeting  Paris  (1st – 2nd March 2004) 
3rd Meeting  Sweden (1st – 2nd July 2004) 
 
These meetings coincided with the partners meetings. Between these 
meetings contact was maintained by telephone and e-mails. The meetings are 
summarised in Section 2.3.3. The minutes of these meetings are detailed in 
Appendix B. 
 
1.2 Objectives 
The geotechnical group had as its main objective to examine the geological 
formations that had been identified underlying the various route option of each 
selected road and having achieved this to prepare a short list of geotechnical 
materials that were common to all the roads. Three different units were 
identified based on the relative amount of effort needed to excavate these 
materials. These units were then communicated to the Energy Working 
Groups so that energy values could be put on each unit. The group also in co-
operation with the Energy Working Group looked at the geological materials 
that would be imported on to a road construction site and again identified units 
for which energy values could be produced. These energy values can be used 
in identifying the overall amount of energy used in road construction for each 
route of the five selected roads. 
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1.3 Actions 
The actions involved identifying the geotechnical materials underlying the 
road routes. 
 
Holding of Planning and Progress Meetings as listed in 1:1 above. 
Collation of the Geotechnical data for each of the route options selected for 
each road route. 
Classification of the Geotechnical material underlying each road route. 
Drawing up a simple classification system that would apply to each road route 
and would have a universal application. 
Evaluation of the geo materials that would normally be imported on to a road 
building site. 
Draw up a simple classification of these imported materials. 
 
1.4 Results 
The results of the work to date are as follows: 
 
On site earthworks: Three classifications of geomaterials have been drawn up 
based on the effort required to excavate them. 
 
Type A Geomaterials that can be dug up using an excavator. This would 
apply to clays, boulder clays, sands, gravels, silts and very weathered or soft 
rock. 
 
Type B Material that require ripping before excavation. This would apply to 
very hard and compacted overburden (clays etc) weathered rock and broken 
or thin-bedded rock. 
 
Type C Material that requires blasting before excavation. This would apply to 
hard rock of any origin, sedimentary, igneous or metamorphic. 
 
Imported Materials: 
 
A questionnaire was prepared for selected quarries and information was 
collected on the following three quarries: 
 
(a) Roadside Quarry – Arklow – Data on energy usage still outstanding  
 
(b) Roadstone Quarry – Dunbell – Data on energy usage still outstanding 

 
(c) Morrissey’s Quarry – Clonmelsh Quarry – Milford – Co. Carlow 
 
Energy values from this quarry were made available and preliminary energy 
values can be calculated.  
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2. GEOLOGY OF SELECTED ROUTES 
 
2.1 Introduction 
 
Five proposed road routes were selected as “test roads” for this project. 
These routes are as follows: 
 
Ireland  N25 Dungarvan Outer Bypass 
France  RD 921 – Jargeau Bypass 
Portugal A25/IP5 – Mangualde/ Guarda – Sublanco Ratoeira 

Nascente/IP2 
Sweden  RD50 – Motala 
Czech Republic R43 – Section between Troubsko and Kurim 
 
Maps of the selected routes are given in Appendix A. 
 
 
2.2 Geology of Selected Routes 
 
 The geology of the selected routes is described as follows for each route: 
 
(a) Brief outline of geology. 
(b) Listing of rock and overburden types identified in the investigation of  

each route. 
(c) Classification of the rock and overburden types so that an energy  

value can be given to each rock/overburden type. The geotechnical 
working group defined this classification. The quantities of each rock/ 
overburden type will be given by the Engineering working group. 

 
2.3 Selected Route – Ireland 
 
2.3.1 Geological Outline of Routes: 
 
The final route for this road is not yet selected. There are at present five route 
options, which are divided into a northern section and a southern section (See 
Map in Appendix A). The routes commence at the northern end at ‘The Pike 
Hill’ and then progress westward to Ballymacmague and then continue 
southwards to finish at ‘The Sweep’ some 5 km south of Dungarvan or at 
Kilongford Bridge some 2 km south of Dungarvan Town. 
 
The geological structure of the area is that of an east-west striking syncline of 
Hercynian Age. There are some east-west striking faults and also some north-
south faults in the area.  Devonian rocks underlie the high ground to the north 
and south of the valley while the low-lying central area is underlain by 
Carboniferous formations. The consolidated rocks are overlain by boulder clay 
(Till) and gravel of Glacial Origin and there are alluvial silts, sands and gravels 
in the bottom of the river valleys. 
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2.3.2 Lithologies and Classifications of Geomaterials 
 
 The rock and overburden materials that underlie the proposed route are 
shown below and their classification as defined in Section 1:4 is also given. 
Unconsolidated Sediments  Classification 
Glacial Till    -Type A Deposit 
Glacial Gravel   -Type A Deposit 
Slope Material   -Type A Deposit 
Alluvial Sands and Gravels  -Type A Deposit 
 
Consolidated Deposits 
Reef Limestones   -Type B or C Deposit 
Dark Grey Bedded Limestones -Type B or C Deposit 
Sandstones    -Type B or C Deposit 
Mudstones    -Type B or C Deposit 
Conglomerates   -Type B or C Deposit 
Pebbly Sandstones   -Type B or C Deposit  
 
The Type C material i.e. consolidated rocks are in places weathered and do 
not need blasting to remove it. It is however, necessary to rip them before 
excavation. The geological materials and their classification have been 
identified under each route by a combination of field surveys, excavation of 9 
trial pits and geophysical surveys, seismic and resistivity. 
 
2.4 Selected Route - France  
 
2.4.1 Geological Outline of Routes: 
 
The route for this road is not yet finally selected. There are at present four 
options, which are divided into an eastern section, a grand eastern section; a 
western section and a grand western section (See Map in Appendix A). The 
RD921 links Pithiviers and Ferte-Saint-Aubain. It connects with RD 951 and 
960 (on each side of the bridge). 
 
Comments: 
 
The geotechnical study is in progress at present (January 2005). 
The local authority has just made drillings for the structures so a detailed 
geological study on the road has not yet been made. 
 
The geological study will be done on the route option selected for the route. 
 
Without data on the soil, the final route selection was conditioned by a 
geotechnical boring campaign. These bore-holes have to define the 
composition, the nature and the mechanical characteristics of each soil bed 
and the level of substratum, karsts and alluviums etc. 
 
At this stage of the project, while awaiting soil studies, the material categories 
are defined based on a geological map of the region.  
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The information issued from the geological map of Chateauneuf sur Loire 
region gives an indication of the different beds in Jargeau site. The ground is 
composed of: alluvium, chalk, limestone, clay, with varying quality and 
mechanical characteristics. 
 
2.4.2 Lithologies and Classifications of Geomaterials: 
  
The rock and overburden materials that underlie the proposed route based on 
preliminary data are shown below and their classification is given according to 
Section 1:4. 
 
Unconsolidated Sediments     Classification  
Alluvial Deposits – Silty sands and gravels   Type A deposit 
Colluvial Deposits – Heterogeneous rock fragments 
In silty sand matrix      Type A Deposit 
 
 
Consolidated Sediments     Classification  
Chalk, Limestones      Type B or C Deposit 
Clays        Type B or C Deposit 
Sandstones       Type B or C Deposit 
Conglomerates      Type B or C Deposit 
Substratum, Karsts      Type B or C Deposit 
 
The on-going investigations of the sub-strata can be included at a later date. 
 
With the first information collected, there is a high amount of Type A 
materials, a few Type B materials, alluviums, chalk, limestone, clay, and no 
Type C materials.  
 
2.5 Selected Route – Portugal 
 
2.5.1 Geological Outline 
 
The Portuguese route selected for the project is the A25/IP5 Mangualde/ 
Guarda Sublanco Ratoeira Nascente / IP2. There are two route options, 1 and 
2, for this proposed route. The route extends from Mangualde in the west to 
Guarda in the east (See Map in Appendix A). 
 
The ground underlying the proposed route is composed of granite rock 
masses of Palaeozoic Age, which show quartz veining, jointing and some 
faulting. The consolidated rock has an irregular weathering profile and outcrop 
is composed of either residual soils or granite rock. Modern alluvial and 
colluvial deposits in turn overlie this. A thin topsoil layer overlies these 
formations. 
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2.5.2 Lithologies and Classification of Geomaterials: 
 
The rock and overburden materials that underlie the proposed routes are 
shown below and also their classification as defined in Section 1:4 is also 
given. 
Unconsolidated Materials 
Alluvial Deposits – Silty sands and gravels    Type A Deposit 
Colluvial Deposits – Heterogeneous rock fragments   
In a silty sand matrix       Type A Deposit 
 
Consolidated Materials 
Granite rock massive (medium to coarse biotite) 
Porphyritic granites and medium to coarse – two micas 
Granites and granodioritis         Type B & C Deposits 
 
The Type C material here is fresh unweathered granite. Weathered granites 
do not need blasting – they need ripping only before excavation. These areas 
have been identified and classified as Type B material. 
 
2.6 Sweden 
 
2.6.1 Selected Route – Sweden 
 
2.6.1.1 Geological Outline of Routes: 
The route for the new road 50 through the central parts of the town of Motala 
commences at Södra Freberga where the new road connects to the existing 
road and runs parallel with the railway until Fors. Here the road continues 
over Motalaviken (the Bay of Motala) by way of a bridge called Vätterbro 
(Vätter Bridge). On the north side of Motalaviken the new road continues until 
it meets the existing road at Luxorrondellen (Luxor Roundabout) and then 
continues onwards to immediately north of the crossing with Metallvägen 
(Metall Road), (See Map in Appendix A).  
 
The geological structure of the area is characterised by an east-west fault line 
which gives rise to a boundary between the younger sedimentary rocks 
comprising a series of sandstones, slates and limestones (400-600 million 
years ago) and the more ancient rocks (2000 million years ago) comprising 
mainly of granite. In connection with this faulting the area south of the fault 
line has sunk so that the sedimentary rocks have subsequently been 
protected from erosion. Locally around the town of Motala the uppermost 
rocks consist of Ordovician limestone. The inter-glaciations and consequent 
changes in water levels have given rise to complex sequences of glacial tills, 
stratified clays and glacialfluvial deposits.  
 
2.6.1.2 Lithologies and Classifications of Geomaterials: 
 
The rock and overburden materials that underlie the proposed route are given 
below along with their classification according to Section 1:4 above. 
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Unconsolidated Sediments      Classification  
Clay Till – clayey till deposits rich in gravel and stones    Type A Deposit 
Clay – Normally consolidated clay    Type A Deposit 
Glacialfluvial deposit – sands, silts and clay - stratified    Type A Deposit 
These materials can be dug using an excavator.  
 
Consolidated Deposits 
Ordovician limestone     Type B or C Deposit 
 
Limestone type B has been moderately to strongly affected by glacial 
deformation; rock mass is more or less crushed, fissures often filled with 
remoulded or “squeezed-in” clay; individual rock bits are often dislodged 
and/or shifted. This material generally requires ripping excavation. 
 
Limestone type C has been unaffected by glacial deformation. This material 
needs blasting before excavation. 
 
2.6.2 Selected Route – Sweden A (tunnel option) 
 
2.6.2.1 Geological Outline of Routes: 
  
The new road 50 from south of Fors to north of Smedsby is proposed to cross 
Motalaviken (The Bay of Motala) via either a 700 metre long bridge or a 620 
metre long tunnel. Only the tunnel option is discussed here. 
 
South of Motalaviken 
To the south of Motalaviken the soil deposits are comprised mainly of clay till. 
Bedrock consists of limestone with occasional horizons of schist. Here the 
geotechnical conditions are good for road construction. 
Over Motalaviken 
In Motalaviken the bedrock in the upper layers comprises limestone, which 
locally can be intercolated with thin layers of weaker mudstone. In the centre 
of Motalaviken there exists a weak zone in the limestone. The limestone is 
overlaid by quaternary soil deposits with thicknesses up to more than 20 
metres. The soil deposits comprise sand in the uppermost 3-4 metres, which 
is underlain by a 5-7 metre thick clay deposit. The clay overlies a very stiff 
clay till which subsequently rests upon limestone bedrock.   
The maximum water depth in the bay is 3.5 metres. At the southern shore the 
decrease in the water depth is relatively constant. At the northern shore on 
the other hand the water depth is very shallow over a long distance out from 
the shore. 
 
The tunnel option needs to be carried out with submerged concrete tunnel 
elements, which are excavated down into the underlying deposits due to the 
fact that it is not possible to construct a bored tunnel in the limestone. 
Prerequisites for the foundations of a concrete tunnel are nevertheless very 
good. The concrete tunnel elements are cast insitu within a steel cofferdam. 
 
North of Motalaviken 
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To the north of Motalaviken the soil deposits comprises in the uppermost 1 
metre of sand which is underlain by a 1 metre thick clay layer with a dry crust 
character. The clay is subsequently underlain by 6 metres of soft silty clay, 
which in turn is underlain by clay till. 
The soft silty clay has an undrained shear strength, which varies between 15-
19kPa. The clay is slightly over consolidated, which means that a certain 
degree of loading or groundwater lowering can take place without any 
damaging settlements occurring. 
 
From Storgatan and northwards the soil deposits are judged to be of a 
coarser and denser character with good prerequisites for road construction. 
The bedrock consists first of limestone and then schist interlayered with 
limestone. 
 
2.6.2.2 Lithologies and Classifications of Geomaterials: 
 
The rock and overburden materials that underlie the proposed route are as 
follows. 
 
Unconsolidated Sediments       Classification           
Clay Till – clayey till deposits rich in gravel and stones  Type A Deposit 
Clay – Normally to slightly over consolidated clay          Type A Deposit 
Clay – Over consolidated clay     Type A Deposit 
Sand (glaciofluvial deposit)      Type A Deposit 
 
These materials can be dug using an excavator. 
 
Consolidated Deposits 
Ordovician limestone     Type B or C Deposit 
 
Limestone type B has been moderately to strongly affected by glacial 
deformation; rock mass is more or less crushed, fissures often filled with 
remoulded or “squeezed-in” clay; individual rock bits are often dislodged 
and/or shifted. This material generally requires ripping before excavation. 
 
Limestone type C has been unaffected by glacial deformation. This material 
needs blasting before excavation. 
 
2.7 Selected Route – Czech Republic 
 
2.7.1 Geological Outline of Routes: 
 
Two route options marked as VARIANT CZ VI (D) and V2 (F) of the section of 
Expressway R43 between Troubsko and Kurim (about 20 km long) in the Brno 
neighbourhood are being evaluated in the frame of the IERD project. The 
selected Expressway R43 (total length 70 km) will be part of the European 
road E461 Svitavy – Brno – Wien, and at the same time will join Expressway 
R35 and Motorway D1 between Czech towns Moravska Trebova and Brno – 
(See map in Appendix A). 
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From the geotechnical point of view both the Expressway options are 
designed on Quaternary sediments as loess and clayey soil. Terrain is 
classified as hillocky. The first option (marked as VARIANT CZ VI (D)) is 
traced out closely to the Brno Lake (artificial) and the second option (marked 
as VARIANT CZ V2 (F)) consists of two tunnels. The surface is covered by 
forests and green fields. 
 
2.7.2 Lithologies and Classification of Geomaterials: 
The soil materials that underlie the proposed routes are as follows. 
 
Quaternary sediments loess and clayey soil are statistically divided according 
to geotechnical survey in to the 
 
  Type A – 85% of total amount 
  Type B – 15% of total amount 
 
2.8 Summary of Geomaterials underlying the selected routes 
 
As can be seen from Section 2.3 to Section 2.7 above, there is a wide variety 
of rock and soil types underlying the 5 roads that were selected for this 
project. The rocks vary in age from Ordovician to Quaternary and are cover to 
varying degrees by recent sediments. They give a reasonable representation 
of many ground conditions that would be met while constructing roads in the 
E.U.  
 
The Unconsolidated sediments described from the various routes vary from 
Glacial Deposit to Colluvial Deposits and Alluvial Deposits, which are currently 
being deposited. 
 
The Consolidated deposit vary from igneous rocks (gravels etc.,) to 
sedimentary deposits – sandstones, limestones, shales, chalk etc. 
 
As can be seen from the above there is a wide variety of materials and to 
provide energy values for the excavation of each of these materials would be 
very difficult. To facilitate matters three categories of materials were decided 
on Type A, B and C, which involved a specific set of actions to excavate and 
remove all geomaterials. The classification will be available for each road as 
they will be defined for costing purposes when the road construction goes out 
for tender. They will not be classified at present as Type A, B or C but 
different prices will be required for excavation of geomaterials, ripping of 
geomaterials and blasting of geomaterials and the volumes from any 
proposed road route will be known to the road designer engineers. 
 
3. CLASSIFICATION OF GEOLOGICAL MATERIALS 
 
As can be seen from Section 2.3 to Section 2.7 of this report there is a wide 
range of geological materials underlying the 5 roads selected for this project. 
The Geotechnical Working Group looked at these materials with the objective 
of setting up a simple classification system for these materials that would 
allow energy values to be put on the work necessary to excavate, transport 
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and deposit the material. The new classification should not only apply to the 
selected routes but also be universally applicable to other road routes. 
 
Geological terminology was immediately ruled out as a means of classification 
as it would only complicate matters. Instead it was decided to look at a simple 
classification relating to the amount of work (energy) necessary to excavate, 
transport and deposit the materials. It would also be beneficial if the road 
design engineers and the geotechnical staff had similar data already collected 
on the road routes for Environmental Impact Statements, preparation of 
Contract Documents etc. 
 
The Workgroup decided that three classifications would be necessary, Type 
A, B and C. These would have the added advantage in that they would 
correspond to data collected by the road design engineers in prepared tender 
documents for the construction of the road. 
 
Type A material involved the geomaterials that can be removed by an 
excavator and need no pre-treatment prior to excavation. This will cover the 
unconsolidated clays, sands and gravels of any origin, i.e. glacial, alluvial etc. 
 
Type B materials are geomaterials that require ripping before excavation. This 
will cover compacted unconsolidated materials and soft, thin bedded or 
weathered rock. Again the road design engineers will know the quantities of 
this material for the road they are designing. 
 
Type C material involves geomaterials that require blasting before excavation. 
This will cover hard rock of any type, igneous, sedimentary and metamorphic 
of all geological ages. Again, the road design engineers will have details of 
the quantities of these materials. 
 
Energy values can be applied to Type A, B and C materials that will be met 
during the excavation on the road routes. 
 
It can be argued correctly that the energy necessary to excavate different 
unconsolidated material will vary depending on the material but if this was to 
be accounted for it would render the system unworkable as it would over 
complicate the system. Three simple classifications are practical and more 
importantly the data on the quantities of A, B and C for each road route is 
collected at the design stage. 
 
The Energy Working Group have defined energy values to Type A, B and C 
material and the Engineering Working Group have produced the quantities of 
each material for each route option. With the five road route studies, the Type 
A, B and C classification did not cause any problem and it can be inferred that 
it should have universal application. 
 
4. IMPORTED GEOLOGICAL MATERIALS 
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Apart from the geological materials, which underlie the proposed road routes, 
other geological materials are imported on to the site to facilitate the 
construction of the road. This may include the following. 
 
� Rock Fill 
� Base Course for Road 
� Wearing Course 
Rock fill can either be gravel or rock and investigations were carried out by 
the Energy Workgroup to see what energy values could be applied to this 
material. At present three Irish Quarries have been visited, which provide 
materials to the road construction business. The report to date on the three 
Quarries is included in Appendix C. Depending on the overall results of the 
energy usage in road construction further work may be required on this report. 
 
5. LIST OF GEOMATERIALS 
 
Ireland 
Unconsolidated Sediments: 
 
Glacial till      Quaternary 
Glacial Gravel     Quaternary 
Slope Material (Soliflucted material -  Recent 
rocks and clays  
Alluvial Sands and Gravels    Recent 
 
Consolidated deposits: 
 
Reef Limestones     Carboniferous 
Dark grey bedded limestones   Carboniferous 
Sandstones      Devonian 
Mudstones      Devonian 
Conglomerates     Devonian 
Ribby Sandstones     Devonian 
 
 
Portugal 
Unconsolidated Sediments: 
 
Alluvial deposits – Sands – Silts Gravels  Recent 
Colluvial Deposits – Hetrogenous rock 
Fragments in a silty sandy matrix   Recent 
 
Consolidated Deposits: 
 
Granite – massive (medium to course biotite) 
Porphyritic Granites, medium to coarse (two micas) 
Granite and Granodiorites 
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France 
Unconsolidated Sediments: 
Alluvial Deposits – Silty Sands and Gravels Recent 
Colluvial deposits – Hetrogenous rock 
Fragments in a silty sandy matrix   Recent 
 
Consolidated Deposits: 
 
Chalk limestones 
Clays 
Sandstones 
Conglomerates 
Karsts 
 
Sweden 
Unconsolidated Sediments: 
 
Clay Till (Glacial)     Quaternary 
Clay – Consolidated Clay    Quaternary 
Fluvioglacial Deposits – sands with clays, 
Stratified      Quaternary 
 
Consolidated Deposits: 
 
Limestone      Ordovician 
 
Czech Republic 
Sedimentary leoss in Clays and Soils  Quaternary   
 
 
6. CONCLUSIONS 
 
The three classifications of Geomaterials – Type A, Type B and Type C were 
used by the partners as follows: 

1. To classify the various geomaterials on their road routes studied in 
the project and to produce a simplified universal classification. 

2. Energy values were then assigned to the various actions involving 
the three classifications of geomaterials. 

3. The total energy used in each route involving the excavation, 
transport and placement of the three classifications of geomaterial 
was then computed. 

 
One result of interest in the energy used in the earthworks section of road 
construction is that the energy required to excavate 1m3 of Type C material 
(Solid Rock) is three times the energy used to excavate the same volume of 
Type B material and 7 times the energy used to excavate 1m3  of Type A 
material. This shows that in the construction phase of a road considerable 
potential energy savings can be made if, during the design phase, attention is 
given to reducing the amount of Type C geomaterial that is required to be 
excavated. 
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Reports on Quarries  
 
Site Visit – Aggregate Quarry 
Roadstone, Dunbell Quarry, Co. Kilkenny 
 
General: 
Roadstone have been excavating the Dunbell Site since 1979. The rock type 
is soft Magnesium Limestone, with a Polish Stone Value of 44 & Rock 
Hardness (10% Finds) of 160%. The pit is 145 foot deep but due to 
regulations, the height of the shelf being excavated is 65ft. The main 
production site is located approximately 1 km from the excavation area. On 
average there is 1700 tonnes of material excavated daily. The quarry 
processes 460,000 tonnes of material per annum, 65,000 tonnes of which is 
lime. The topsoil is stripped and stockpiled on a needs basis, and there are no 
sand or gravel deposits. 
 
Drilling & Blasting: 
The 105mm diameter boreholes for blasting are drilled by a contractor using a 
Hadco driller. The driller consumes a gallon of diesel per foot of rock: 1200 
gallons or 4541 litres of diesel. Each blast requires twenty 65ft deep holes. 
Twenty-three blasts are carried out per year. Each blast generates 20,000 
tonnes of material. Kemex 70, a water based explosive, is used in conjunction 
with a booster. The blast design is: Burnen = 13ft, Spacing = 14ft & Depth = 
65ft. Each blast requires 3379kg f Kemex and sixty boosters. 
 
Transport, Crushing and Screening: 
A Hitachi 450 H excavator is used to load two dumpers (Moxy MT 30 and 
Volvo A40), which then transport the material to the main site. The material is 
tipped into the primary jaw-crusher. The material is screened before transfer 
via conveyor to the secondary jaw-crusher and screener series. Further 
crushing is carried out by a mill crusher via a feedback loop. The aggregates 
are then taken via conveyor to bins for storage. If crushing from one 
aggregate size to another is required (depending on demand), a cone crusher 
and connecting conveyor is available beside the bins. 
 
Transport to Asphalt Plant:  
A Komatsu WA470 and a Volvo 180C loading shovels are used to fill the 
dumpers/trucks taking aggregate offsite. Some of this material is used to 
make asphalt. The asphalt plant is located 0.5km from the aggregate bins. A 
Moxy MT 30 is used to transport the material to the plant. 
 
Energy: 

• The excavator and two dumpers on the quarry floor each consume 
approximately 30 litres of diesel per hour. 

• The crusher, screeners and conveyors are all powered by electricity; in 
total there are 4 crushers, 7 screeners and an expansive conveyor 
network consisting links. The electricity costs for this section costs 32 
cent per tonne.  
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• The energy cost of the two loading shovels and dumper taking the 
aggregate to the asphalt plant has been calculated as 7 cent per tonne.  

 
Maintenance: 
Scheduled maintenance is carried out every second Saturday on the 
machinery, crushers, screeners and conveyors. Non-scheduled maintenance 
is performed on a needs basis. Conveyor belts often split, which causes 
production to stop. They are replaced once a year. The jaws of the crushers 
require replacement only once every 4 years due to the soft nature of the 
rock.  
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Process 

 
 
 
 
 

Activity & Description 

 
 
 
 
 

Equipment 

 
 
 

Equipment: 
Manufacturer 

& Model 

 
 
 
 
 

Energy Source 

 
 

Energy 
Used: Diesel 

(litres)/ 
Electricity (Euro) 

Excavate topsoil and load Excavator Hitachi 450 H Diesel 30 litres per hour 

Dump truck Volvo A40 Diesel 30 litres per hour 

Quarry 
Preparation 

Transport and Dump 

Dump truck Moxy MT30 Diesel 30 litres per hour 

Aggregate 
Removal 
 

Drill blast holes Driller Hadco 
(Contractor) 

Diesel 4541 litres per blast 

Aggregate 
Processing 

Break rock, pick up & load Digger + rock 
breaker 

Hitachi 450 H Diesel 30 litres per hour 

Aggregate 
Storage 

Loading Wheel loader Komatsu WA 
470 
Volvo 180C 

Diesel 
Diesel 

30 litres per hour 
30 litres per hour 

Transport Transport to main asphalt plant Dump truck Moxy MT 30 Diesel 30 litres per hour 
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Site Visit – Aggregate Quarry 
Roadstone Parnell Quarry, Arklow 
 
General: 
The Arklow Quarry was designed primarily as an Export Quarry and the plant layout 
is such that everything points to the sea. A hard basalt rock is extracted at the site. 
The rock ha a Polish Stone Value of 52/55 & Rock Hardness (10% Finds) of 390 kN. 
The quarry has been developed on three levels and face heights of up to 30 meters 
are worked. The main production site is located approximately 1 km from the 
excavation area. Typically 2000 tonnes of material are excavated daily, or 500,000 
tonnes per annum. Most of this is exported to blacktop manufacturers in England and 
Germany in bulk cargo ships using the loading facilities of the quarry’s private jetty. 
Products include a large range of aggregate sizes, sub-base mixes, asphalt, 
concrete, blocks and sea defence rocks. The quarry operates from 7am-8pm Monday 
to Friday with a total of 1.5 hours taken for breaks. Maintenance is carried out on a 
Saturday from 8am -1pm. 
 
Drilling and Blasting: 
One blast is carried out per week. The 135mm diameter boreholes for blasting are 
drilled by a contractor using an Ingersoll-Rand 900 driller and blasting is carried out 
by means of bottom discharge electric detonation. The driller consumes 1.5 litres 
diesel per foot of rock, and drills at a rate of 60ft/hr. 1kg of Kemex is required per 5 
tonnes of rock blasted. 
 
Transport, Crushing and Screening:  
The blasted rock is loaded onto 50 tonne dump trucks using a large backhoe 
Komatsu 775 SE hydraulic excavator. The rock is then carried up to 1 km to the 
primary crushing plant by two dumpers (CAT 775 B).  
 
Initial size reduction of the rock takes place in a large 6 feet x 4 feet double joggle 
jaw crusher. From this it is fed to a series for cone crushers for further size reduction. 
In all a total of seven crushers are utilised in the primary (3) and secondary (4) plants 
to achieve the required shape and size reduction. 
 
The material is then conveyed to a screening plant (4 screeners in total) where it is 
classifies into eight different grades. The grades are fed into production and storage 
silos having a combined capacity of 20,000 tonnes. Each storage silo is bottom 
discharged to outloading conveyors for loading ships. Extensive ground stockpiles 
are also maintained, typically being in the order of 50,000 to 100,000. The aggregate 
sizes produced are 0-2mm, 2-5mm, 5-8mm, 8-11mm, 11-16mm, 16-22mm, 28mm 
and 40mm. 
 
Asphalt Plant: 
Approximately 37500 tonnes of asphalt are produced per annum at the quarry for 
local road construction projects. Asphalt production uses approximately 9 tonnes of 
diesel per tonne of blacktop produced by the plant. Fifty tonnes of bitumen, 
purchased from Shell Ltd., is used per tonne of asphalt. 
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Energy: 
• The excavator consumes 7750 litres of diesel per month. The two dumpers 

consume 4500 litres and 5750 litres of diesel per month. 
• The crusher, screeners and conveyors are all powered by electricity; in total 

there are 7 crushers, 4 screeners and an expansive conveyor network 
consisting links. The electricity costs per month are typically 22000 euro. 

 
Maintenance: 
Scheduled maintenance is carried out every Saturday on the machinery, crushers, 
screeners and conveyors. Non-scheduled maintenance is performed on a needs 
basis.  
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SITE VISIT-AGGREGATE QUARRY & PAVING SITE 

Dan Morrissey, Clonmelsh Quarry, Milford, Co. Carlow. 
 
Contents: 
1. Quarry Site 
2. Quarry Site Preparation 
3.  Rock Removal & Processing 
4. Processing – Asphalt Production 
5. Paving Site – Carlow Inner Relief Road 
6.  References 
 
Diagrams: 
Figure 1: Quarry face showing topsoil, rock and quarry equipment 
Figure 2: O&K digger feeding two Norberg cone crushers in series 
Figure 3: A CAT loading shovel feeding a third Norberg cone crusher 
Figure 4: Loading of Cold Feed Bins 
Figure 5: Ammann Batch Plant 
Figure 6: Asphalt Batch Plant Layout 
Figure 7: Photographs of Carlow Inner Relief Road showing exposed base         
                course and drainage 
Figure 8: Typical Road Construction 
Figure 9: Series of photographs showing paving process 
 
 

1. QUARRY SITE 
The Clonmelsh site contains a large quarry pit, which has been opened since 1979.  
The Dan Morrissey group has four quarries in total. The rock type at this site is 
Dolomitic Limestone. The Polished Stone Value of a stone gives a measure of the 
resistance to the polishing action of a pneumatic tyre under conditions similar to 
those occurring on the surface of a road.  The limestone at this site has a P.S.V of 
between 55 and 60.  If aggregates of a higher PSV are required, sandstone from 
their Rossmore Quarry (P.S.V. 65) 10km away is transported onto site *.  
 
Sand, gravel and stone are taken from the quarry pit on a daily basis.  A large 
production site is located approximately 50m from the quarry pit.  A new Ammann 
unit produces asphalt and pre-coated chippings.  On site screeners allow for the 
grading of the sand, gravel and stone to British Standards.  The site also contains a 
block producing plant.  The depth of the pit is 200ft.  Machines operate for 10 hours 
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per day, generally 6 days per week. Required maintenance is carried out on the 
machinery every Saturday, particularly on the screeners [1].  For calculations, the fuel 
used by the quarry equipment has been assumed to be of environmental class 2 with 
a sulphur content of 0.05% and a lower heating value of 35.1 MJ/litre.   The loose 
volume density of the limestone is assumed to be 1,590 kg/ 3m  [2]. 
 
Although this is a rock quarry, sand and gravel occur naturally under the topsoil.  A 
solid rock bed lies beneath these layers.  It is important to understand the difference 
between a rock quarry and a sand and gravel operation, as the energy requirements 
are quite different.  A rock quarry requires far more resources in order to extract the 
end product, namely aggregates.  A rock quarry aims to blow the rock away from the 
face (or cliff) of the quarry by means of an explosive charge.  The broken face is then 
crushed into an array of different size aggregates.  This means having heavy-duty 
crushing equipment followed by a screening plant.  A sand and gravel operation aims 
to simply segregate or screen the aggregate out form the loose pit face.  The stone is 
extracted in its natural size and only a screening plant is needed [3]. 
 
Along with the high-energy requirements in quarrying, there is also an environmental 
cost. The quarrying of sand, gravel or rock has the potential to create significant 
environmental impact during its operation in terms of dust, vibration, noise, water 
pollution, visual-intrusion and often loss of ground water supplies.  
 

 

2. QUARRY SITE PREPARATION 
Firstly a Komatsu excavator removes the 1-2 metre topsoil.  Two MT36 Moxy dumper 
trucks, which are loaded by the excavator, take the topsoil to a dumpsite 
approximately 100m away.   This soil is stockpiled as fill material, which will be used 
to reclaim the site at the end of its life. Beneath this topsoil lies 2-3m of sand and 
gravel.  Sand and gravel are removed from site using the same dumper trucks.  Both 
products are taken to the main production site for screening.  Very little energy is 
required to process these products, as they don’t require further crushing. 
  

 
Figure 1: Quarry face showing topsoil, rock, and quarry equipment. 
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An Ingersoll-Rand driller is used to drill 75ft holes into the rock.  A blast design is 
produced to indicate the number, size and location of the holes.  The explosives 
Chemogen and Amogex, which are supplied by Irish Industrial Explosives [4], are 
used to charge the holes.  The shattered rock, typically 2 metre down, must then be 
processed further.  Crushing and screening take place on the floor of the quarry 
before it is taken to the main production site by dumpers. 
 



Reports on Quarries  
   

 

3. ROCK REMOVAL & PROCESSING 
(i) Primary Phase - 5ooo tonnes of material are processed per 10-hour day: 

  
Figure 2: O&K digger feeding two Norberg cone crushers in series, through the inlet to the 

crusher shown in insert. 

An O&K RH 30 Digger, with a Cummings QSK19 engine [fuel usage: 800-830litres 
diesel oil per day] is used to break the rock further.  It also picks up shattered rock 
and feeds it into the crushers.  The first crusher is a Nordberg {Finland} LT125 
Locotrack, containing a direct drive CAT 3406 engine [fuel consumption 410 litres 
diesel oil per day].  This cone crusher grades the rock into 152mm down aggregate.  
The size of the stones produced depends on the set up of the machine.   
 
The first crusher feeds directly into a second Nordberg G1500 Locotrack cone 
crusher, with a CAT 3406 engine [fuel consumption 550-560 litres diesel oil per day].  
This crusher is capable of producing 76mm down aggregate, suitable for use as sub-
base for road construction.  Clause 804 (75mm down) and CL 806 wet mix macadam 
(50mm down) are standard sub-base mixes.  Hence approximately 2000 tonnes of 
material is removed at this stage of processing, for use as sub-base.  The crushers 
only operate five days per week as each Saturday they are maintained.     This 
crusher series feeds directly into a Powerscreen Chieftain 1400 screener, with a 
Deutsche engine [fuel consumption 160 litres diesel oil per day].   
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(ii) Secondary Phase  - 3000 tonnes of material are processed per 10-hour day: 

Two CAT Loading Shovels, 980G [fuel consumption 450 litres diesel oil per day] and 
966G [fuel consumption between 300 & 310 litres diesel oil per day], take the output 
from the primary phase down to the secondary phase crushing and screening. * 
The HP500 Nordberg Cone Crusher produces 20mm down, 20mm clean, 14mm 
down, 14mm clean, 10mm down, 10mm clean, 6mm down, 6mm clean, or dust and 
is driven by a CAT 3412 generator that consumes 600 litres of fuel per day.  This 
feeds into a series of two screeners; A Kleemann Kleiner and a Powerscreen 
Chieftain 1400 screener, which can separate into 20mm, 14mm, 10mm, 6mm, and 
dust and consume 200 and 160 litres of fuel per day respectively.  All of the crushers 
and screeners are mobile and can be moved easily. 
 

 

FIGURE 3: A CAT LOADING SHOVEL FEEDING A THIRD NORBERG CONE CRUSHER.

                                                
* The wheel loaders function is divided between transporting the aggregates from the primary 

to the secondary processing phase & the transport of the final separated aggregates to 

stockpile.  It is assumed that the fuel consumption of the loaders is divided evenly between 

these two functions.  It is also assumed that both loaders have an equal work output.     
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4. PROCESSING-ASPHALT PRODUCTION: 
The different grades are then stockpiled on the quarry pit floor until required at the 
main production site.  MT 36 Moxy dumper trucks, which are filled by the two 966G 
and 980G CAT loading shovels (see footnote 2 above), are used to transport the 
material up the steep road connecting the pit with the main production site on ground 
level. 

 
Figure 4: Loading of Cold Feed Bins 

An Ammann batch plant was opened in May 2003, to produce asphalt mixes and pre-
coated chippings. [6] The plant is powered by electricity and is 
capable of handling 320 tonnes per hour.  The plant is 
completely automated, with computers controlling all phases of 
asphalt production to increase efficiency.  Graded aggregates 
from the stockpiles are fed into the separate unheated cold 
feed bins.  Adjustable gates and variable speed belts at the 
bottom of the cold feed bins accurately meter each grade of 
aggregate onto a conveyor belt that feeds into a drying drum.    
 
While inside the rotating dryer drum, the aggregates are 
tumbled through a hot air stream, causing them to be heated to 
temperatures of up to 180 degrees Celsius as they pass 
through the drum. The hot air is created by a burner, fitted with 
a 100kW heating element, and pulled through the drum by a 

fan.  A typical electricity cost per tonne of aggregate dried is approximately 1.25 euro 
[7].  Hence the energy usage of the drying phase is 20kWh per tonne or 72 MJ, using 
a typical Irish ESB electricity charge of 6.23 cent per kWh [8].  [Life cycle analysis: 
using a figure of 30.9% for the average efficiency of electricity production [9], this 
figure equates to 233 MJ of primary energy (72x { 9.30100 })]. There are two types of 
dryers: parallel flow and counter-flow.  In a parallel flow drum, aggregates move in 
the same direction as the hot air.  In a counter-flow drum, the aggregates move in the 
opposite direction to the air.  If this were a drum plant rather than a batch plant, the 
bitumen would be added during the drying process.  During the drying process, the 
emission control system works to capture and recycle remaining aggregate particles, 
namely dust.   
 

Figure 5: Ammann 
Batch Plant 

Tower 
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As hot air passes through the aggregates, it picks up some fine sand and dust 
particles.  The emission control system removes these particles before the air goes 
back into the atmosphere.  In the primary collector, fine sand and some dust is 
collected and returned to the aggregate mix.  A secondary collector removes the 
remaining fine dust (75 microns).  This is often referred to as a baghouse because 
the exhaust gas travels through fabric filter bags.  In most cases, this dust can also 
be returned to the mix as a filler.  This filler, along with binders in the bitumen, is used 
to stiffen the asphalt.  However disposing of the remaining dust is an environmental 
challenge.  Some plants use a wet scrubber as a secondary collector.  This device 
sprays water on the exhaust gases and reduces the velocity of the airflow to capture 
the fine particles.  The water flows to a basin where the particles settle out so that the 
water can be re-used. 
 
The heated aggregates from the drying drum are moved to a tower (see figure 5) 
where they are separated into the various grades and temporarily stored in hot bins.  
When the right amount is accumulated for a batch, the correctly proportioned 
aggregate from each bin is discharged into a pugmill where the bitumen is added.  
Bitumen (containing binders and various bitumen modifiers) is added directly from 

storage tanks that meet stringent 
regulatory guidelines for spill prevention. 
This part of the process takes twenty 
seconds for a typical four tonne batch 
and consumes approximately 10 litres of 
diesel (equivalent to electricity usage) 
per tonne of asphalt mixed [Life cycle 
analysis: 10 litres of diesel @ 35.1 
MJ/litre= 351MJ per tonne for the mixing 
stage.  Adding in a precombustion 
primary energy consumption factor for 
the production of diesel of 10% [2], gives 
a total primary energy usage of 386 MJ 
per tonne].   
 
The hot mix is then weighed and loaded 
directly into trucks for transport to the 
paving site.  Conversely, it can be stored 

in a silo for up to several hours.  Surge silos, used by batch plants, are insulated but 
not heated.  Silos, though not necessary for batch plants, increase the efficiency and 
productivity.  Drum plants must have storage silos because they produce mix 
continuously.  These silos are well insulated, heated and practically airtight, so that 
they can hold mix for up to a week [10].  
 
 

Figure 6: Asphalt Batch Plant Layout 
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5. PAVING SITE-CARLOW INNER RELIEF ROAD 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

The Carlow Inner Relief Road was laid by Morrissey’s Tarmacadam and Asphalt 
operation.  The road was located about 5 miles from the quarry. Figure 7 shows the 
completed base course and at this stage all drainage features must be in place 
before the final wearing course layer is laid.   
 
The asphalt mix produced by the Ammann batch plant, discussed in section 4, can 
be roadbase, base course (binder course in figure 8), or wearing course (surface 
course in figure 8).  These three layers are very similar in that they all contain 
aggregates mixed with bitumen and bitumen modifiers, however the proportion of 
aggregate to bitumen varies.  The aggregates of the wearing course must also 
conform to far more standards.  This is because this layer experiences greater 

stressing by traffic and is exposed at the surface.  
Hence it requires additional qualities that are quite 
unnecessary in the underlying pavement layers.  
These qualities include resistance to polishing and 
abrasion by traffic, resistance to weathering and 
chemical attack and adhesion.  To these should be 
added the more general qualities of adequate 
strength and suitable grading and shape, particularly 
when the aggregate is to be used as chippings for 
surface dressing or in rolled asphalt.  A typical 

wearing course mix contains aggregates (94% on a mass basis), bitumen (5%), 
together with bitumen modifiers.     
  
It should be noted that if this was a resurfacing operation, a milling machine would be 
used to remove the surface material from the existing roadway, leaving the base 
course exposed. This material would be loaded into a truck and taken back to the 
asphalt plant for recycling.  If the base course has been trafficked or in the case of a 
resurfacing operation, a brooming machine must be used to clean the surface and a 
tack coat must be laid.  A typical tack coat emulsion consists of 67% bitumen and 
33% water (e.g. K1-70), and ensures that the wearing course adheres properly to the 
lower road layers.  A distributor truck is used to spray the tack coat onto the exposed 
surface.  As the density of bitumen is approximately one tonne per cubic metre at 20 
degree Celsius, therefore one tonne of cutback bitumen or bitumen emulsion used in 
surface dressing, if sprayed at 1mm. thickness, will give 1000 m 2  [11]. 
 

Figure 7: Photographs of Carlow Inner Relief 
Road showing exposed base course & drainage. 

Figure 8: Typical Road 
Construction 



Reports on Quarries  
   

 

Once this preparation stage is complete, a truck carrying the paving material from the 
asphalt plant backs up to the paver and dumps ten tonnes of asphalt into the hopper 
or a material transfer vehicle, which agitates the asphalt mix to keep the aggregate 
from segregating and to help insure a uniform temperature. The paver lays a smooth 
mat of typically 500 tonnes per ten-hour day. Then a series of compactors compress 
the material. These compactors may include vibratory steel wheel rollers or rubber 
tire rollers.  Here three compactors were used; a three tonne dead weight steel wheel 
roller, followed by an eight tonne steel wheel vibrating roller and fifteen tonne dead 
weight roller.  To ensure that no material adheres to the rollers, they are continuously 
sprayed with water.  
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Figure 9: (a) A distributor truck is used to spray the tack coat onto the surface.  (b) The 
paving machine positions itself before (c) the truck carrying the asphalt backs up to the paver 
and dumps the material into the hopper.  (d) Asphalt is drawn through the paver during the 

laying process. (e) A series of compactors compress the new wearing course. 
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SITE VISIT-BITUMEN STORAGE FACILATES 

Irish Shell Ltd., Bitumen Terminals, Dublin Port. 
 

BACKGROUND 
Bitumen is a solid, semi-solid or viscous hydrocarbon with a colloidal structure, being 
brown to black in colour, obtained as a residue in the distillation of crude oil, by 
vacuum distillation of oil residues from atmospheric distillation. Bitumen is often 
referred to as asphalt and is primarily used for construction of roads and for roofing 
material. This category includes fluidised and cut back bitumen.  Bitumen is always 
applied hot, cutbacks (a bitumen that has been blended with a volatile oil, so that 
when the volatiles have evaporated, with time, the bitumen will eventually revert to its 
original viscosity) are applied either hot or cold and emulsion (bitumen and water, 
when the emulsion breaks the water evaporates leaving bitumen) is always applied 
cold.  In Europe, paving grade bitumen is normally maintained for storage and 
delivery at temperatures of between 150 and 200 degrees Celsius for maximum 
energy efficiency. 
 
These temperatures are maintained throughout the process of manufacture, delivery 
and application of asphalt mixes. At these temperatures a relatively small quantity of 
fumes is generated and therefore for both economic and environmental reasons the 
material is normally kept in closed vessels or covered wagons. During laying 
operations the asphalt mix is exposed to the air and emissions of small quantities of 
fumes will take place until the asphalt cools after compaction. 
 
Pen (penetration) is the term used to define how viscous / stiff a bitumen is.  Using a 
sample at a temperature of 25 deg Celsius, the depth (in tenths of a mm) to which a 
standard and loaded needle will vertically penetrate in 5 seconds is measured. The 
softer the bitumen, the greater will be its number of penetration units.  Typically the 
refinery produces the three different grades 40/60 pen, 70/100 pen, and 160/220 
pen.   Using a binder, it is possible to blend any of these grades together to produce 
an intermediate penetration grade.  40/60pen bitumen is used in wearing course 
mixes.  This grade is the most durable but is extremely difficult to work with due to its 
high viscosity. 
 

SITE VISIT 
Introduction: 
The Shell Bitumen Terminals are located in Dublin Port.  The bitumen is imported via 
insulated tanker, usually from a European Refinery. Three different standard grades 
of polymer-modified bitumen are taken in at Dublin Port; these are 40/60 pen, 70/100 
pen, and 160/220 pen.  Each grade of bitumen is pumped from the tanker to 
separate large storage containers via an insulated pipeline.  Polymer modifiers can 
be added on site if required.  The polymers are stored in feedstock tanks and are 
blended with the bitumen by means of mechanical agitation.  Once the mixing is 
complete the batch is tested.  If the properties are satisfactory the modified bitumen 
is delivery immediately to the asphalt plant/paving site. 
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Tanker -> Terminals -> Asphalt Plant: 
The tanker arrives from a European refinery, in this case France via England, where 
some of the cargo is unloaded (duration of three days in total).  The bitumen is 
transported between 160 & 170 C° [1].  Typically the minimum flashpoint of bitumen 
is 250 degrees Celsius [2].  Bitumen tankers are specially designed for high heat 
cargoes at temperatures up to 250°C. The bitumen is stored in fully insulated cargo 
tanks, which are supported by chocks. This construction enables the cargo tanks to 
expand and contract without transferring any thermal stresses to the ship's structure.  
All cargo and ballast operations are remote controlled and monitored from the cargo 
control station located in the wheelhouse [3].   
 
The bitumen is pumped off the tanker and transported through insulated pipelines 
(100m) to the bitumen storage terminals.  A fuel oil fired boiler is used to produce 
steam to preheat the pipelines for up to 6 hours in advance of this transfer.  
Approximately 500 tonnes are unloaded per hour; over a ten-hour period i.e. a total 
cargo of 5000 tonnes is unloaded.  Three different standard grades of polymer-
modified bitumen are taken in at Dublin Port; these are 40/60 pen, 70/100 pen, and 
160/220 pen.   
 
Each grade of bitumen is stored in a separate insulated storage container.  Heating 
coils containing hot oil are wrapped around the outside of the containers to ensure 
the bitumen remains at 160 degrees Celsius.  The oil is circulated using electrically 
driven pump and heated using a fuel oil fired boiler.  Using oil as the thermofluid is 
less corrosive than using steam directly.    There is no need for mechanical agitation 
due to the good thermo conductive nature of bitumen.   
 
Polymer modifiers can be added on site if required.  Cariphalte (Shell’s polymer 
modified bitumen brand name) is made with Styrene Butadiene Styrene Polymers 
(SBS) and base material. This modified bitumen has a higher resistance to rutting, 
cracking and fatigue, and is particularly useful for pavement under extreme condition 
such as very high/low temperature or heavy traffic (e.g. at traffic lights or 
roundabouts). It can also be used for special mix design e.g. porous asphalt, SMA, 
durable bridge deck [5]. The modifiers also ensure that the bitumen adheres properly 
to the aggregates.  The use of polymer-modified bitumen in Ireland is still quite low 
compared to Europe.  The polymers are stored in feedstock tanks and are blended 
with the bitumen by means of mechanical agitation.  Once the mixing is complete the 
batch is tested.  If the properties are satisfactory the modified bitumen is delivery 
immediately to the asphalt plant/paving site. 
 
Once required, the bitumen is pumped (electrically driven pumps) into well-insulated, 
unheated 25,000 tonne tankers.  The bitumen drops approximately ½ degree Celsius 
per hour in transport.  Newer 28,000 tonne tankers are capable of heating the outlet 
pipes, using electric trace heating.  This re-boosts the temperature of the bitumen at 
point of delivery.  
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NUID Energy Usage Spreadsheet 
 
Placement Energy 
 
Individual Country Total Energy per Sector Spreadsheets 
 
Road Construction was broken down into Sectors/Sections of Activity. Each 
of these Sectors was then broken down into Items of Activities. A list of typical 
road construction machinery was compiled for each Item of Activity and a 
Description of each Item was defined. The brand of machinery was taken as 
Caterpillar where possible, due to the contribution of technical data by 
Caterpillar. The Fuel Consumption (litres/hour) was researched/calculated 
for each machine. The road design engineers calculated the typical Output 
per Hour. 
For each Item of Activity, the smallest Unit of Activity was defined e.g. a 
kilometre for Road Distance, a metre cubed for volume, a metre squared for 
area, a metre for length other than road distance etc. The road design 
engineers calculated the Quantity of each Unit required to complete 
each Item of Activity. 
The Fuel Consumption per Unit of Activity can be calculated by dividing the 
Fuel Consumption (litres/hour) by the Output per Hour. We can calculate the 
Energy per Unit by multiplying the Fuel Consumption per Unit by the Lower 
Calorific Value of Diesel. {Diesel Fuel has a Lower Calorific Value (LCV) of 
35.1 MJ/Litre i.e. the energy contained within the fuel. It has a Precombustion 
Value (10%) of 3.51MJ/Litre i.e. it takes a total of 10% of the diesel energy to 
get the diesel from the earth to usable form. Therefore the Total Energy per 
Litre of Diesel is 38.61 MJ/Litre i.e. when you burn a litre of diesel you use 
38.61 MJ/Litre of Energy. This is a Life Cycle Analysis.} 
The Total Energy per Item (MJ/Item) is the calculated by multiplying the 
Energy per Unit by the Quantity of Each Unit. The Total Energy per Sector 
(TJ/Sector) was then calculated by adding up all of the Total Energies per 
Item. This is repeated for each country. 
 
Placement Energy Spreadsheet 
 
The Total Energy per Sector (TJ/Sector) for each Sector is added up to give 
the Total Placement Each per Route (TJ/Route). This is repeated for each 
country.  
 
Placement Energy per Route Option Spreadsheet 
 
Displays Total Placement Each per Route (TJ/Route) for each country in the 
EU Project. 
 
Total Placement Energy per Kilometre Spreadsheet 
 
The Total Placement Energy per Kilometre (TJ/km) can be calculated by 
dividing the Total Placement Energy Each per Route (TJ/Route) by the Total 
Route Length (km). This is repeated for each country. 
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Materials 
 
Total Materials Energy per Kilometre Spreadsheet 
 
Site visits and calculations were carried out to determine the Total Added 
Energy per Unit of the two main road-building materials: bitumen and 
aggregates. A unit was described in mass i.e. tonne. The Total Added Energy 
per Unit was calculated as 4,883MJ/tonne for bitumen and 28.38 MJ/tonne for 
aggregates. 
The Quantity of Aggregate per Kilometre (tonne /km) and the Quantity of 
Bitumen per Kilometre (tonne /km) was determined by the road design 
engineers. The Total Material Energy per Kilometre (TJ/km) was calculated 
by multiplying the Quantity of material per kilometre, by the Energy per tonne 
per kilometre for both aggregates and bitumen and then adding them 
together. 
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Tables 
 
 
Table 1:  
 Energy Usage Operations  

Item No. Description Units 
001 Erection of Site Offices nr Mobilization 

002 Dismantling of Site Office nr 

003 General Site Clearance Ha 

004 Clearing of existing ditches m 

Site Clearance 

005 Demolition of Buildings or Structures item 

006 Installation and removal of Temporary fencing along CPO line m 

007 Installation of either timber or concrete post and rail fencing and 
field gates where required m & nr 

Fencing 

008 Installation of Safety Fencing m 

009 Install services to site offices item 

010 Drains or sewers in side slopes of cuttings, side slope of 
embankments and earth bunds (various types) m 

011 Herringbone filter drains 150mm with Cl 505 crushed rock filter 
material m 

012 Filter drains Type B or C in trench, in side slopes of cuttings or 
side slopes of embankments m 

013 Construction of Manholes (various types) nr 

014 Outfalls to existing water courses or drains m 

015 Excavation for drainage over and above excavation for 
earthworks m³ 

016 Filter drains to bridge structures m 

017 Install to chambers to structures nr 

018 Drain in trench to side slopes of embankments m 

019 Install ducting RHS, LHS (Eircom, ESB, etc.) m 

020 Install Manholes for ducting nr 

Services 

021 Lining of Watercourses (reinforced concrete) m³ 
  022 Install public lighting system (Urban or Rural) nr 
  023 Removing services for site offices item 

024 Strip Topsoil m² 

025 Break up any redundant flexible pavement m3 

026 Excavation of soft material m³ 

027 Excavation of medium material m³ 

028 Excavation of hard material m³ 

029 Disposal of Unacceptable medium and hard material  m³ 

Earthworks 

030 Deposition of acceptable medium and hard material in m³ 
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embankments and other areas of Fill 

031 Deposition of acceptable material medium and hard in 
Landscape Areas m³ 

032 Import acceptable material in and under embankments and 
other areas of fill m³ 

033 Import acceptable material in capping layer  m³ 

034 
Compaction in layers of acceptable material under 
embankments and other areas of fill, in capping areas and 
landscape areas 

m³ 

035 Geotextile - Terram 1000 or equivalent to be put down where 
necessary m² 

036 Topsoiling m² 
037 Grass Seeding m² 

Sub - base in carriageway, hardshoulder and hardstrip 
Cl 803 Granular Material Type A 
Cl 804 Granular Material Type B 
Cl 805 Granular Material Type C 

038 

Cl 806 Wet-Mix Macadam 

m³ 

Put Down Road Base 
 
                                                                                         see 036 

Lean Mix Concrete 
039 

Dense Bitumen Macadam 

m³ 

Put down Base Course 
Lean Mix Concrete 040 

Dense Bitumen Macadam 
m³ 

Put down Wearing Course 
Hot Rolled Asphalt HRA 

Porous Asphalt (with restrictions) 
Thin Surfacings (with restrictions) 

Pavement 

041 

Stone Mastic Asphalt SMA (with Restrictions) 

m³ 

042 Put down concrete kerbs where required m Footpaths & 
Kerbs 043 Put down concrete footpaths where required m3 

044 Put down intermittent and continuous white and yellow 
thermoplastic road markings with beads m 

045 Put down thermoplastic Arrows (various types) with beads nr 
046 Removal of existing markings where necessary m 
047 Put down temporary lining where necessary m  

048 Roadstuds with white, yellow and white/green biconvex lens 
reflectors nr 

049 Install glass reinforced plastic marker posts nr 

Road Markings 
Traffic Signs      

(Note: for signs, 
major and minor 
junctions should 

be examined) 

050 Supply and erect all signage required nr 

051 Excavation and preparation of foundations (e.g. piles) over and 
above other items 

tonnes & 
m³ 

052 Construct bridge with insitu and or precast concrete (will require 
erection of formwork) 

tonnes & 
m³ 

053 Install expansion joints and apply joint filler and sealant as 
required nr 

054 Construct brickwork and or blockwork as required m³ 

Bridge Works 

055 Install all bridge waterproofing m² 
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056 Install all bridge parapets nr 

057 Install precast concrete sections for underpasses where 
applicable nr 

058 Salting: Typically 10 grams/sq.m for precautionary treatment 
and 40 grams/sq.m for snow m² 

059 Sanding m² 
060 Gritting m² 
061 Snow Ploughing m² 
062 Ditch maintenance m 
063 Traffic sign cleaning and replacing where necessary nr 
064 Maintenance of public lighting and traffic lights nr 
065 Grass cutting m² 

Road Operation 
and Maintenance 

066 Resurfacing: see 040 and 041                                                               
Regulation layer may be required in some cases m³ 
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Table 2: NUID Energy Usage Spreadsheet  
Plant Description Plant Description Fuel Consumption  

  Caterpillar Equivalent (Litre/hour) 
Blasting Rig -   
Bulldozer (Wheel Dozer) CAT 834G 57.5 
Cherrypicker -   
Chipper Bristow Chipper (2 stroke) 1 
Compressor 350cfm  -   
Compressor and 3 pokers -   
Concrete Extrusion Machine -   
Concrete Mixer Liebherr 8.125 
Concrete Plant - 0 
Crane 50t  CAT 583R 18.25 
Drilling Rig Ingersoll-Rand 900 driller  90 
Excavator 24t  CAT 322C L 21.5 
Excavator 36t  CAT 330C L 31 
Excavator 46t CAT 345B L-VG Series II 40 
Extruded-concrete lorry  CAT 730 19.5 
Generator CAT 3412 60 
Grader   CAT 14 H Global 25 
Komatsu D9  CAT 330C 31 
Mixer (Soil Stabilizers) CAT RM-250C 51 
Paver CAT AP-1000B 28.75 
Petrol saws (& tree felling plant) Husqvarna-60cc 2 
Planing Machine (Cold) CAT PM-465 51 
Roadmarking lorry CAT 730 19.5 
Rubber-tyred Excavator CAT M318 15 
Shovel (Small Wheel Loader) CAT 938G 15 
Soil Compactor CAT 815F 39 
Telescopic forklift CAT TH83 7.5 
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Plant Description Plant Description Fuel Consumption  
  Caterpillar Equivalent (Litre/hour) 

Tractor and trailer CAT 432D 10.95 
Transit and trailer Ford L100 10 
Truck (Articulated) CAT 730 19.5 
Vibratory Roller V5 CAT CS-583D 18 
Volvo A25 Dumper CAT 769D 35.15 
Volvo A40 Dumper CAT 777D 63.4 
Wheel Loader CAT 980G 28 
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Plant Description Fuel Consumption 
  (Litre/hour) 

50t Crane, 36t Excavator,  49.25 
24t exc. + 1 Truck 41 
24t exc.,2 x A25 91.8 
24t exc., A25, 4 x petrol saws 64.65 
36t Exc, 2 Trucks, 1 Planing Machine 121 
46t Exc, 24t Exc, Drilling Rig, Blasting Rig, 350cfm compressor, 1 Truck 171 
46t Exc, Komatsu D9 or similar, 1 Truck 90.5 
46t Exc, 1 Truck 50.5 
3 A40s 190.2 
1 Bulldozer, 1 compactor 96.5 
36t exc. 31 
1 Truck, 1 Shovel, Komatsu D9 or similar, 1 Bulldozer, 1 compactor  162 
1 Vib. Roller V5 18 
1 46t Exc.,1 Dozer, 3 A40s 287.7 
1 Truck  19.5 
2no. 24t excs., 2 A25s 113.3 
1 Grader, 1 Vib Roller, 10 Trucks, 1 Loader 266 
1 Mixer 51 
Paver, 2 rollers, rubber-tyred exc, tractor and trailer, 8 Trucks 246.7 
Paver, 2 rollers, rubber-tyred exc, tractor and trailer, chipper, 8 Trucks 247.7 
Rubber-tyred exc, transit and trailer, 1 Concrete Mixer 33.125 
Rubber-tyred exc, transit and trailer, compressor and 3 pokers, 1 Concrete Mixer 33.125 
1 roadmarking lorry 19.5 
Rubber-tyred exc, transit and trailer 25 
50t Crane, Telescopic forklift, cherrypicker, compressor and 3 pokers, generator, 2 transits, 1 trailer, 1 Concrete Plant 105.75 
50t Crane, Telescopic forklift, cherrypicker, 4 Trucks, Concrete Plant 103.75 
50t Crane, Telescopic forklift, cherrypicker, 8 Trucks, Concrete Plant 181.75 
2 Extruded-concrete lorry, 1 Concrete Extrusion Machine 39 
Rubber-tyred Exc, Compressor and 3 pokers, generator, transit and trailer, Concrete Mixer 93.125 
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Table 3: (NUID Energy Usage Spreadsheet) 
General Data               
(a) Hakan Stripple-Life Cycle Assessment of Road-A Pilot Study for Inventory Analysis. IVL Swedish Environmental Research Institute, 1995 

(b) http://europa.eu.int/comm/dgs/energy_transport/figures/pocketbook/doc/en_gen_info_2003.pdf      

(c) http://www.iea.org/dbtw-wpd/textbase/nppdf/free/2000/weo2000.pdf (Page 235)       

(d) IEA (1998), CO2 Emissions from Fuel Combustion 1971-1996, Paris, p.I.19.             
Material Property Value Value      
Diesel Gas Oil (a) Density  0.82 kg/litre       
  Lower heating value (LHV) 35.10 MJ/litre       
           
Diesel Gas Oil-Total Embodied Energy LHV+ 10% Precombustion  38.61 MJ/litre       
  (35.1+3.51)        
Conversion factors          
M Mega 10^6       
G Giga 10^9       
T Tera 10^12       
           

MJ 
Megajoule, million joules, unit for 
measuring energy        

           

Mtoe 
Million tonnes of oil equivalent, unit for 
measuring energy        

           

TJ 
Terajoule, thousand billion joules, unit 
for measuring energy        

           

1 TJ (b) 
One Terajoule, thousand billion joules, 
unit for measuring energy 

2.388*10^-5 
Mtoe 

0.00002388 
Mtoe      

Emissions          
Carbon Dioxide Emissions from Diesel (c) & 
(d) Tonnes of CO2 per tonne of diesel oil 3.1           
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Ireland 01 

Sector No. Item & Description Units Quantity Plant Description 

Fuel 
Consumption 

Per Hour 
(litres/hour) 

Output 
per 

Hour 

Fuel 
Consumption 

per unit 

Energy 
per 
Unit 

Total 
Energy 

MJ/Item 

Total 
Energy Per 

Sector 
(TJ/Sector) 

02 Culverts incl headwalls m 300 50t Crane, 36t Excavator,  49.25 30 1.641666667 63.385 19015.425   

03 Retraining watercourses m3 0 24t exc. + 1 Truck 41 13 3.153846154 121.77 0   

04 Ditches incl outfall m 9200 24t exc. + 1 Truck 41 50 0.82 31.66 291273.84   

Drainage 

05 Piped Drains incl 
manholes m 10300 24t exc. + 1 Truck 41 15 2.733333333 105.53 1087000.2 1.39728947 

Services 07 Install ducting for Utilities m 42100 24t exc. + 1 Truck 41 25 1.64 63.32 2665788.8 2.66578884 

09 Strip Topsoil incl site 
clearance m3 150130 24t exc.,2 x A25 91.8 375 0.2448 9.4517 1418987.9 

  
10 Tree Felling No 0 24t exc., A25, 4 x petrol saws 64.65 11 5.877272727 226.92 0   

11 Break up any redundant 
pavement m3 1800 36t Exc, 2 Trucks, 1 Planing 

Machine 121 30 4.033333333 155.73 280308.6 
  

12 Excavation Type C 
material m³ 0 

46t Exc, 24t Exc, Drilling Rig, 
Blasting Rig, 350cfm 
compressor, 1 Truck 

171 140 1.221428571 47.159 0 
  

13 Excavation of Type B 
material m³ 236320 46t Exc, Komatsu D9 or similar, 

1 Truck 90.5 225 0.402222222 15.53 3670002.3 
  

14 Excavation of Type A 
material m³ 666160 46t Exc, 1 Truck 50.5 275 0.183636364 7.0902 4723207.6   

15 Disposal of contaminated 
material m³km 0 3 A40s 190.2 225 0.845333333 32.638 0   

16 Disposal of Unacceptable 
material  m³km 12388 3 A40s 190.2 225 0.845333333 32.638 404323.51 

  

17 
Deposition of acceptable 
material in embankments 
and other areas of Fill 

m³km 58116 1 Bulldozer, 1 compactor 96.5 350 0.275714286 10.645 618663.92 
  

Earthworks 

18 
Deposition of acceptable 
material in Landscape 
Areas 

m³km 0 36t exc. 31 200 0.155 5.9846 0 
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19 

Import acceptable 
material in and under 
embankments and other 
areas of fill 

m³km 8564 
1 Truck, 1 Shovel, Komatsu D9 
or similar, 1 Bulldozer, 1 
compactor  

162 325 0.498461538 19.246 164819.32 

  

20 

Compaction in layers of 
acceptable material under 
embankments and other 
areas of fill, in capping 
areas and landscape 
areas 

m³ 846760 1 Vib. Roller V5 18 175 0.102857143 3.9713 3362750.1 

  

21 Vertical Drains m³ 0 1 46t Exc.,1 Dozer, 3 A40s 287.7 13 22.13076923 854.47 0   

22 Geosynthetics m² 0 1 Truck  19.5 60 0.325 12.548 0   

23 Topsoiling m² 299250 2no. 24t excs., 2 A25s 113.3 125 0.9064 34.996 10472584   

24 Landscaping m² 299250 2no. 24t excs., 2 A25s 113.3 250 0.4532 17.498 5236292.1 30.3519395 

25 

Sub - base in 
carriageway, 
hardshoulder and 
hardstrip 

m³ 99110 1 Grader, 1 Vib Roller, 10 
Trucks, 1 Loader 266 150 1.773333333 68.468 6785903.1 

  
26 Soil Stabilisation m³ 0 1 Mixer 51 75 0.68 26.255 0   

27 Put Down Road Base m³ 34398 Paver, 2 rollers, rubber-tyred 
exc, tractor and trailer, 8 Trucks 246.7 63 3.915873016 151.19 5200697.5   

28 Put down Base Course m³ 10445 Paver, 2 rollers, rubber-tyred 
exc, tractor and trailer, 8 Trucks 246.7 63 3.915873016 151.19 1579198.9   

29 Put down Wearing 
Course m³ 8480 

Paver, 2 rollers, rubber-tyred 
exc, tractor and trailer, chipper, 8 
Trucks 

247.7 50 4.954 191.27 1622003 
  

30 Put down concrete kerbs 
where required m 2930 Rubber-tyred exc, transit and 

trailer, 1 Concrete Mixer 33.125 15 2.208333333 85.264 249822.79 
  

Pavement 

31 Put down concrete 
footpaths where required m² 1510 

Rubber-tyred exc, transit and 
trailer, compressor and 3 pokers, 
1 Concrete Mixer 

33.125 13 2.548076923 98.381 148555.69 
15.5861811 

32 Road Lining m 51160 1 roadmarking lorry 19.5 500 0.039 1.5058 77036.216   Road 
Markings 

Traffic 
Signs 

33 Road Signing (each 
junction) nr 84 Rubber-tyred exc, transit and 

trailer 25 0.6 41.66666667 1608.8 135135 
0.21217122 

Structures 

34 Bridges up to 10m span m² 0 

50t Crane, Telescopic forklift, 
cherrypicker, compressor and 3 
pokers, generator, 2 transits, 1 
trailer, 1 Concrete Plant 

105.75 0.15 705 27220 0 
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35 Bridges 10 - 50 span m² 1275 
50t Crane, Telescopic forklift, 
cherrypicker, 4 Trucks, Concrete 
Plant 

103.75 1 103.75 4005.8 5107379.1 
  

36 Bridges > 50 span m² 2720 
50t Crane, Telescopic forklift, 
cherrypicker, 8 Trucks, Concrete 
Plant 

181.75 2 90.875 3508.7 9543619.8 
  

37 Concrete median barriers m 0 2 Extruded-concrete lorry, 1 
Concrete Extrusion Machine 39 25 1.56 60.232 0   

38 Retaining Walls m² 0 
Rubber-tyred Exc, Compressor 
and 3 pokers, generator, transit 
and trailer, Concrete Mixer 

93.125 3 31.04166667 1198.5 0 
  

39 Tunnel 
m 

traffic 
lanes 

0       0 0 0 
14.6509989 

          64864369 64.8643689 
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Ireland 02 

Sector No. Item & Description Units Quantity Plant Description 

Fuel 
Consumption 

Per Hour 
(litres/hour) 

Output 
per 

Hour 

Fuel 
Consumption 

per unit 

Energy 
per Unit 

Total 
Energy 

MJ/Item 

Total 
Energy Per 

Sector 
(TJ/Sector) 

02 Culverts incl headwalls m 300 50t Crane, 36t Excavator,  49.25 30 1.641666667 63.3848 19015.43   

03 Retraining watercourses m3 0 24t exc. + 1 Truck 41 13 3.153846154 121.77 0 
  

04 Ditches incl outfall m 9060 24t exc. + 1 Truck 41 50 0.82 31.6602 286841.4   

Drainage 

05 Piped Drains incl 
manholes m 9020 24t exc. + 1 Truck 41 15 2.733333333 105.534 951916.7 

1.2577735 
Services 

07 Install ducting for Utilities m 49840 24t exc. + 1 Truck 41 25 1.64 63.3204 3155889 
3.1558887 

09 Strip Topsoil incl site 
clearance m3 151790 24t exc.,2 x A25 91.8 375 0.2448 9.45173 1434678 

  
10 Tree Felling No 0 24t exc., A25, 4 x petrol saws 64.65 11 5.877272727 226.922 0   

11 Break up any redundant 
pavement m3 1800 36t Exc, 2 Trucks, 1 Planing 

Machine 121 30 4.033333333 155.727 280308.6 
  

12 Excavation Type C 
material m³ 0 

46t Exc, 24t Exc, Drilling Rig, 
Blasting Rig, 350cfm 
compressor, 1 Truck 

171 140 1.221428571 47.1594 0 
  

13 Excavation of Type B 
material m³ 302400 46t Exc, Komatsu D9 or similar, 

1 Truck 90.5 225 0.402222222 15.5298 4696212 
  

14 Excavation of Type A 
material m³ 551986 46t Exc, 1 Truck 50.5 275 0.183636364 7.0902 3913691 

  

15 Disposal of contaminated 
material m³km 0 3 A40s 190.2 225 0.845333333 32.6383 0 

  

Earthworks 

16 Disposal of 
Unacceptable material  m³km 11898 3 A40s 190.2 225 0.845333333 32.6383 388330.7 
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17 
Deposition of acceptable 
material in embankments 
and other areas of Fill 

m³km 68385 1 Bulldozer, 1 compactor 96.5 350 0.275714286 10.6453 727980.8 

  

18 
Deposition of acceptable 
material in Landscape 
Areas 

m³km 0 36t exc. 31 200 0.155 5.98455 0 
  

19 

Import acceptable 
material in and under 
embankments and other 
areas of fill 

m³km 20793 
1 Truck, 1 Shovel, Komatsu D9 
or similar, 1 Bulldozer, 1 
compactor  

162 325 0.498461538 19.2456 400173.8 

  

20 

Compaction in layers of 
acceptable material 
under embankments and 
other areas of fill, in 
capping areas and 
landscape areas 

m³ 982140 1 Vib. Roller V5 18 175 0.102857143 3.97131 3900387 

  
21 Vertical Drains m³ 0 1 46t Exc.,1 Dozer, 3 A40s 287.7 13 22.13076923 854.469 0   
22 Geosynthetics m² 0 1 Truck  19.5 60 0.325 12.5483 0   

23 Topsoiling m² 293520 2no. 24t excs., 2 A25s 113.3 125 0.9064 34.9961 10272056   

24 Landscaping m² 293520 2no. 24t excs., 2 A25s 113.3 250 0.4532 17.4981 5136028 31.149846 

25 

Sub - base in 
carriageway, 
hardshoulder and 
hardstrip 

m³ 97470 1 Grader, 1 Vib Roller, 10 
Trucks, 1 Loader 266 150 1.773333333 68.4684 6673615 

  
26 Soil Stabilisation m³ 0 1 Mixer 51 75 0.68 26.2548 0   

27 Put Down Road Base m³ 33821 Paver, 2 rollers, rubber-tyred 
exc, tractor and trailer, 8 Trucks 246.7 63 3.915873016 151.192 5113460 

  

Pavement 

28 Put down Base Course m³ 10270 Paver, 2 rollers, rubber-tyred 
exc, tractor and trailer, 8 Trucks 246.7 63 3.915873016 151.192 1552740 
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29 Put down Wearing 
Course m³ 8344 

Paver, 2 rollers, rubber-tyred 
exc, tractor and trailer, chipper, 
8 Trucks 

247.7 50 4.954 191.274 1595990 
  

30 Put down concrete kerbs 
where required m 2930 Rubber-tyred exc, transit and 

trailer, 1 Concrete Mixer 33.125 15 2.208333333 85.2638 249822.8 

  

31 Put down concrete 
footpaths where required m² 1510 

Rubber-tyred exc, transit and 
trailer, compressor and 3 
pokers, 1 Concrete Mixer 

33.125 13 2.548076923 98.3813 148555.7 

15.334183 

32 Road Lining m 50360 1 roadmarking lorry 19.5 500 0.039 1.50579 75831.58   Road 
Markings 

Traffic 
Signs 

33 Road Signing (each 
junction) nr 84 Rubber-tyred exc, transit and 

trailer 25 0.6 41.66666667 1608.75 135135 
0.2109666 

34 Bridges up to 10m span m² 0 

50t Crane, Telescopic forklift, 
cherrypicker, compressor and 3 
pokers, generator, 2 transits, 1 
trailer, 1 Concrete Plant 

105.75 0.15 705 27220.1 0 

  

35 Bridges 10 - 50 span m² 1360 
50t Crane, Telescopic forklift, 
cherrypicker, 4 Trucks, Concrete 
Plant 

103.75 1 103.75 4005.79 5447871 
  

36 Bridges > 50 span m² 2720 
50t Crane, Telescopic forklift, 
cherrypicker, 8 Trucks, Concrete 
Plant 

181.75 2 90.875 3508.68 9543620 
  

37 Concrete median 
barriers m 0 2 Extruded-concrete lorry, 1 

Concrete Extrusion Machine 39 25 1.56 60.2316 0 
  

38 Retaining Walls m² 0 
Rubber-tyred Exc, Compressor 
and 3 pokers, generator, transit 
and trailer, Concrete Mixer 

93.125 3 31.04166667 1198.52 0 

  

Structures 

39 Tunnel 
m 

traffic 
lanes 

0       0 0 0 
14.991491 

          66100149 66.100149 

 
 



Energy Usage Spreadsheet  
   

  
  

Ireland 03 

Sector No. Item & Description Units Quantity Plant Description 
Output 

per 
Hour 

Fuel 
Consumption 

per unit 

Energy per 
Unit 

Total 
Energy 

MJ/Item 

Total Energy Per 
Sector (TJ/Sector) 

02 Culverts incl headwalls m 300 50t Crane, 36t Excavator,  30 1.641666667 63.38475 19015.425   

03 Retraining watercourses m3 0 24t exc. + 1 Truck 13 3.153846154 121.77 0 
  

04 Ditches incl outfall m 8370 24t exc. + 1 Truck 50 0.82 31.6602 264995.87   

Drainage 

05 Piped Drains incl manholes m 6182 24t exc. + 1 Truck 15 2.733333333 105.534 652411.19 
0.936422487 

Services 
07 Install ducting for Utilities m 46080 24t exc. + 1 Truck 25 1.64 63.3204 2917804 

2.917804032 

09 Strip Topsoil incl site 
clearance m3 142698 24t exc.,2 x A25 375 0.2448 9.451728 1348745 

  

10 Tree Felling No 0 24t exc., A25, 4 x petrol saws 11 5.877272727 226.9215 0 
  

11 Break up any redundant 
pavement m3 1800 36t Exc, 2 Trucks, 1 Planing 

Machine 30 4.033333333 155.727 280308.6 
  

12 Excavation Type C material m³ 0 
46t Exc, 24t Exc, Drilling Rig, 
Blasting Rig, 350cfm 
compressor, 1 Truck 

140 1.221428571 47.1593571 0 
  

13 Excavation of Type B 
material m³ 205590 46t Exc, Komatsu D9 or 

similar, 1 Truck 225 0.402222222 15.5298 3192771.6 
  

14 Excavation of Type A 
material m³ 732920 46t Exc, 1 Truck 275 0.183636364 7.0902 5196549.4 

  

15 Disposal of contaminated 
material m³km 0 3 A40s 225 0.845333333 32.63832 0 

  

Earthworks 

16 Disposal of Unacceptable 
material  m³km 13934 3 A40s 225 0.845333333 32.63832 454782.35 
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17 
Deposition of acceptable 
material in embankments 
and other areas of Fill 

m³km 86574 1 Bulldozer, 1 compactor 350 0.275714286 10.6453286 921608.68 

  

18 Deposition of acceptable 
material in Landscape Areas m³km 0 36t exc. 200 0.155 5.98455 0 

  

19 
Import acceptable material in 
and under embankments 
and other areas of fill 

m³km 30838 
1 Truck, 1 Shovel, Komatsu D9 
or similar, 1 Bulldozer, 1 
compactor  

325 0.498461538 19.2456 593495.81 

  

20 

Compaction in layers of 
acceptable material under 
embankments and other 
areas of fill, in capping areas 
and landscape areas 

m³ 1166229 1 Vib. Roller V5 175 0.102857143 3.97131429 4631461.9 

  
21 Vertical Drains m³ 0 1 46t Exc.,1 Dozer, 3 A40s 13 22.13076923 854.469 0   
22 Geosynthetics m² 0 1 Truck  60 0.325 12.54825 0   

23 Topsoiling m² 303452 2no. 24t excs., 2 A25s 125 0.9064 34.996104 10619638   

24 Landscaping m² 303452 2no. 24t excs., 2 A25s 250 0.4532 17.498052 5309818.9 32.54917997 

25 Sub - base in carriageway, 
hardshoulder and hardstrip m³ 90449 1 Grader, 1 Vib Roller, 10 

Trucks, 1 Loader 150 1.773333333 68.4684 6192898.3 

  
26 Soil Stabilisation m³ 0 1 Mixer 75 0.68 26.2548 0   

27 Put Down Road Base m³ 31385 
Paver, 2 rollers, rubber-tyred 
exc, tractor and trailer, 8 
Trucks 

63 3.915873016 151.191857 4745156.4 
  

Pavement 

28 Put down Base Course m³ 9532 
Paver, 2 rollers, rubber-tyred 
exc, tractor and trailer, 8 
Trucks 

63 3.915873016 151.191857 1441160.8 
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29 Put down Wearing Course m³ 7743 
Paver, 2 rollers, rubber-tyred 
exc, tractor and trailer, chipper, 
8 Trucks 

50 4.954 191.27394 1481034.1 
  

30 Put down concrete kerbs 
where required m 2930 Rubber-tyred exc, transit and 

trailer, 1 Concrete Mixer 15 2.208333333 85.26375 249822.79 

  

31 Put down concrete footpaths 
where required m² 1510 

Rubber-tyred exc, transit and 
trailer, compressor and 3 
pokers, 1 Concrete Mixer 

13 2.548076923 98.38125 148555.69 

14.25862812 

32 Road Lining m 46600 1 roadmarking lorry 500 0.039 1.50579 70169.814   Road 
Markings 

Traffic 
Signs 

33 Road Signing (each junction) nr 84 Rubber-tyred exc, transit and 
trailer 0.6 41.66666667 1608.75 135135 

0.205304814 

34 Bridges up to 10m span m² 0 

50t Crane, Telescopic forklift, 
cherrypicker, compressor and 
3 pokers, generator, 2 transits, 
1 trailer, 1 Concrete Plant 

0.15 705 27220.05 0 

  

35 Bridges 10 - 50 span m² 2040 
50t Crane, Telescopic forklift, 
cherrypicker, 4 Trucks, 
Concrete Plant 

1 103.75 4005.7875 8171806.5 
  

36 Bridges > 50 span m² 1700 
50t Crane, Telescopic forklift, 
cherrypicker, 8 Trucks, 
Concrete Plant 

2 90.875 3508.68375 5964762.4 
  

37 Concrete median barriers m 0 2 Extruded-concrete lorry, 1 
Concrete Extrusion Machine 25 1.56 60.2316 0 

  

38 Retaining Walls m² 0 
Rubber-tyred Exc, Compressor 
and 3 pokers, generator, transit 
and trailer, Concrete Mixer 

3 31.04166667 1198.51875 0 

  

Structures 

39 Tunnel 
m 

traffic 
lanes 

0     0 0 0 
14.13656888 

         65003908 65.0039083 
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Ireland 04 

Sector No. Item & Description Units Quantity Plant Description 
Output 

per 
Hour 

Fuel 
Consumption 

per unit 

Energy 
per Unit 

Total 
Energy 

MJ/Item 

Total Energy Per Sector 
(TJ/Sector) 

02 Culverts incl headwalls m 300 50t Crane, 36t Excavator,  30 1.641666667 63.3848 19015.425   

03 Retraining watercourses m3 0 24t exc. + 1 Truck 13 3.153846154 121.77 0 
  

04 Ditches incl outfall m 8400 24t exc. + 1 Truck 50 0.82 31.6602 265945.68   

Drainage 

05 Piped Drains incl 
manholes m 6498 24t exc. + 1 Truck 15 2.733333333 105.534 685759.932 

0.970721037 
Services 

07 Install ducting for Utilities m 46160 24t exc. + 1 Truck 25 1.64 63.3204 2922869.66 
2.922869664 

09 Strip Topsoil incl site 
clearance m3 144708 24t exc.,2 x A25 375 0.2448 9.45173 1367743.02 

  

10 Tree Felling No 0 24t exc., A25, 4 x petrol saws 11 5.877272727 226.922 0 
  

11 Break up any redundant 
pavement m3 1800 36t Exc, 2 Trucks, 1 Planing 

Machine 30 4.033333333 155.727 280308.6 
  

12 Excavation Type C 
material m³ 0 

46t Exc, 24t Exc, Drilling Rig, 
Blasting Rig, 350cfm 
compressor, 1 Truck 

140 1.221428571 47.1594 0 
  

13 Excavation of Type B 
material m³ 165038 46t Exc, Komatsu D9 or 

similar, 1 Truck 225 0.402222222 15.5298 2563007.13 
  

14 Excavation of Type A 
material m³ 627683 46t Exc, 1 Truck 275 0.183636364 7.0902 4450398.01 

  

15 Disposal of contaminated 
material m³km 0 3 A40s 225 0.845333333 32.6383 0 

  

Earthworks 

16 Disposal of Unacceptable 
material  m³km 11745 3 A40s 225 0.845333333 32.6383 383337.068 
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17 
Deposition of acceptable 
material in embankments 
and other areas of Fill 

m³km 74470 1 Bulldozer, 1 compactor 350 0.275714286 10.6453 792757.619 

  

18 
Deposition of acceptable 
material in Landscape 
Areas 

m³km 0 36t exc. 200 0.155 5.98455 0 
  

19 

Import acceptable 
material in and under 
embankments and other 
areas of fill 

m³km 27491 
1 Truck, 1 Shovel, Komatsu D9 
or similar, 1 Bulldozer, 1 
compactor  

325 0.498461538 19.2456 529080.79 

  

20 

Compaction in layers of 
acceptable material under 
embankments and other 
areas of fill, in capping 
areas and landscape 
areas 

m³ 1005276 1 Vib. Roller V5 175 0.102857143 3.97131 3992266.94 

  
21 Vertical Drains m³ 0 1 46t Exc.,1 Dozer, 3 A40s 13 22.13076923 854.469 0   
22 Geosynthetics m² 0 1 Truck  60 0.325 12.5483 0   

23 Topsoiling m² 295619 2no. 24t excs., 2 A25s 125 0.9064 34.9961 10345513.3   

24 Landscaping m² 295619 2no. 24t excs., 2 A25s 250 0.4532 17.4981 5172756.63 29.87716908 

25 

Sub - base in 
carriageway, 
hardshoulder and 
hardstrip 

m³ 90643 1 Grader, 1 Vib Roller, 10 
Trucks, 1 Loader 150 1.773333333 68.4684 6206181.18 

  
26 Soil Stabilisation m³ 0 1 Mixer 75 0.68 26.2548 0   

27 Put Down Road Base m³ 31452 
Paver, 2 rollers, rubber-tyred 
exc, tractor and trailer, 8 
Trucks 

63 3.915873016 151.192 4755286.29 
  

Pavement 

28 Put down Base Course m³ 9552 
Paver, 2 rollers, rubber-tyred 
exc, tractor and trailer, 8 
Trucks 

63 3.915873016 151.192 1444184.62 
  



Energy Usage Spreadsheet  
   

  
  

29 Put down Wearing Course m³ 7760 
Paver, 2 rollers, rubber-tyred 
exc, tractor and trailer, chipper, 
8 Trucks 

50 4.954 191.274 1484285.77 
  

30 Put down concrete kerbs 
where required m 2930 Rubber-tyred exc, transit and 

trailer, 1 Concrete Mixer 15 2.208333333 85.2638 249822.788 

  

31 Put down concrete 
footpaths where required m² 1510 

Rubber-tyred exc, transit and 
trailer, compressor and 3 
pokers, 1 Concrete Mixer 

13 2.548076923 98.3813 148555.688 

14.28831634 

32 Road Lining m 46700 1 roadmarking lorry 500 0.039 1.50579 70320.393   Road 
Markings 

Traffic 
Signs 

33 Road Signing (each 
junction) nr 84 Rubber-tyred exc, transit and 

trailer 0.6 41.66666667 1608.75 135135 
0.205455393 

34 Bridges up to 10m span m² 0 

50t Crane, Telescopic forklift, 
cherrypicker, compressor and 
3 pokers, generator, 2 transits, 
1 trailer, 1 Concrete Plant 

0.15 705 27220.1 0 

  

35 Bridges 10 - 50 span m² 2125 
50t Crane, Telescopic forklift, 
cherrypicker, 4 Trucks, 
Concrete Plant 

1 103.75 4005.79 8512298.44 
  

36 Bridges > 50 span m² 1105 
50t Crane, Telescopic forklift, 
cherrypicker, 8 Trucks, 
Concrete Plant 

2 90.875 3508.68 3877095.54 
  

37 Concrete median barriers m 0 2 Extruded-concrete lorry, 1 
Concrete Extrusion Machine 25 1.56 60.2316 0 

  

38 Retaining Walls m² 0 
Rubber-tyred Exc, Compressor 
and 3 pokers, generator, transit 
and trailer, Concrete Mixer 

3 31.04166667 1198.52 0 

  

Structures 

39 Tunnel 
m 

traffic 
lanes 

0     0 0 0 
12.38939398 

         60653925.5 60.65392549 
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Ireland 05 

Sector No. Item & Description Units Quantity Plant Description 
Output 

per 
Hour 

Fuel 
Consumption 

per unit 

Energy 
per Unit 

Total 
Energy 

MJ/Item 

Total Energy Per Sector 
(TJ/Sector) 

02 Culverts incl headwalls m 300 50t Crane, 36t Excavator,  30 1.641666667 63.3848 19015.425   

03 Retraining watercourses m3 0 24t exc. + 1 Truck 13 3.153846154 121.77 0 
  

04 Ditches incl outfall m 8340 24t exc. + 1 Truck 50 0.82 31.6602 264046.07   

Drainage 

05 Piped Drains incl 
manholes m 8818 24t exc. + 1 Truck 15 2.733333333 105.534 930598.81 

1.213660305 
Services 

07 Install ducting for Utilities m 44630 24t exc. + 1 Truck 25 1.64 63.3204 2825989.5 
2.825989452 

09 Strip Topsoil incl site 
clearance m3 151039 24t exc.,2 x A25 375 0.2448 9.45173 1427579.5 

  

10 Tree Felling No 0 24t exc., A25, 4 x petrol saws 11 5.877272727 226.922 0 
  

11 Break up any redundant 
pavement m3 7675 36t Exc, 2 Trucks, 1 Planing 

Machine 30 4.033333333 155.727 1195204.7 
  

12 Excavation Type C 
material m³ 0 

46t Exc, 24t Exc, Drilling Rig, 
Blasting Rig, 350cfm 
compressor, 1 Truck 

140 1.221428571 47.1594 0 
  

13 Excavation of Type B 
material m³ 172148 46t Exc, Komatsu D9 or similar, 

1 Truck 225 0.402222222 15.5298 2673424 
  

14 Excavation of Type A 
material m³ 437478 46t Exc, 1 Truck 275 0.183636364 7.0902 3101806.5 

  

15 Disposal of contaminated 
material m³km 0 3 A40s 225 0.845333333 32.6383 0 

  

Earthworks 

16 Disposal of Unacceptable 
material  m³km 8026 3 A40s 225 0.845333333 32.6383 261955.16 
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17 
Deposition of acceptable 
material in embankments 
and other areas of Fill 

m³km 82589 1 Bulldozer, 1 compactor 350 0.275714286 10.6453 879187.04 

  

18 
Deposition of acceptable 
material in Landscape 
Areas 

m³km 0 36t exc. 200 0.155 5.98455 0 
  

19 

Import acceptable 
material in and under 
embankments and other 
areas of fill 

m³km 50485 
1 Truck, 1 Shovel, Komatsu D9 
or similar, 1 Bulldozer, 1 
compactor  

325 0.498461538 19.2456 971614.12 

  

20 

Compaction in layers of 
acceptable material under 
embankments and other 
areas of fill, in capping 
areas and landscape 
areas 

m³ 1254615 1 Vib. Roller V5 175 0.102857143 3.97131 4982470.5 

  
21 Vertical Drains m³ 0 1 46t Exc.,1 Dozer, 3 A40s 13 22.13076923 854.469 0   
22 Geosynthetics m² 28038 1 Truck  60 0.325 12.5483 351827.83   

23 Topsoiling m² 322145 2no. 24t excs., 2 A25s 125 0.9064 34.9961 11273820   

24 Landscaping m² 322145 2no. 24t excs., 2 A25s 250 0.4532 17.4981 5636910 32.7557993 

25 

Sub - base in 
carriageway, 
hardshoulder and 
hardstrip 

m³ 97869 1 Grader, 1 Vib Roller, 10 
Trucks, 1 Loader 150 1.773333333 68.4684 6700933.8 

  
26 Soil Stabilisation m³ 0 1 Mixer 75 0.68 26.2548 0   

27 Put Down Road Base m³ 33879 Paver, 2 rollers, rubber-tyred 
exc, tractor and trailer, 8 Trucks 63 3.915873016 151.192 5122228.9 

  

Pavement 

28 Put down Base Course m³ 6865 Paver, 2 rollers, rubber-tyred 
exc, tractor and trailer, 8 Trucks 63 3.915873016 151.192 1037932.1 
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29 Put down Wearing 
Course m³ 8353 

Paver, 2 rollers, rubber-tyred 
exc, tractor and trailer, chipper, 
8 Trucks 

50 4.954 191.274 1597711.2 
  

30 Put down concrete kerbs 
where required m 1950 Rubber-tyred exc, transit and 

trailer, 1 Concrete Mixer 15 2.208333333 85.2638 166264.31 

  

31 Put down concrete 
footpaths where required m² 1310 

Rubber-tyred exc, transit and 
trailer, compressor and 3 
pokers, 1 Concrete Mixer 

13 2.548076923 98.3813 128879.44 

14.75394984 

32 Road Lining m 53110 1 roadmarking lorry 500 0.039 1.50579 79972.507   Road 
Markings 

Traffic 
Signs 

33 Road Signing (each 
junction) nr 63 Rubber-tyred exc, transit and 

trailer 0.6 41.66666667 1608.75 101351.25 
0.181323757 

34 Bridges up to 10m span m² 0 

50t Crane, Telescopic forklift, 
cherrypicker, compressor and 3 
pokers, generator, 2 transits, 1 
trailer, 1 Concrete Plant 

0.15 705 27220.1 0 

  

35 Bridges 10 - 50 span m² 2210 
50t Crane, Telescopic forklift, 
cherrypicker, 4 Trucks, 
Concrete Plant 

1 103.75 4005.79 8852790.4 
  

36 Bridges > 50 span m² 1020 
50t Crane, Telescopic forklift, 
cherrypicker, 8 Trucks, 
Concrete Plant 

2 90.875 3508.68 3578857.4 
  

37 Concrete median barriers m 0 2 Extruded-concrete lorry, 1 
Concrete Extrusion Machine 25 1.56 60.2316 0 

  

38 Retaining Walls m² 0 
Rubber-tyred Exc, Compressor 
and 3 pokers, generator, transit 
and trailer, Concrete Mixer 

3 31.04166667 1198.52 0 

  

Structures 

39 Tunnel 
m 

traffic 
lanes 

0     0 0 0 
12.4316478 

         64162370 64.16237045 
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Portugal 1 

Sector No. Item & Description Units Quantity Plant Description 
Fuel 

Consumption 
Per Hour 

(litres/hour) 

Output 
per 

Hour 

Fuel 
Consumption 

per unit 

Energy 
per 
Unit 

Total 
Energy 

MJ/Item 

Total 
Energy Per 

Sector 
(TJ/Sector) 

02 Culverts incl headwalls m 4,200 50t Crane, 36t Excavator,  49.25 30 1.641666667 63.385 266215.95   
03 Retraining watercourses m3 10,500 24t exc. + 1 Truck 41 13 3.153846154 121.77 1278585   
04 Ditches incl outfall m 93,850 24t exc. + 1 Truck 41 50 0.82 31.66 2971309.8   

Drainage 

05 Piped Drains incl manholes m 27,800 24t exc. + 1 Truck 41 15 2.733333333 105.53 2933845.2 7.44995592 
Services 07 Install ducting for Utilities m 38,000 24t exc. + 1 Truck 41 25 1.64 63.32 2406175.2 2.4061752 

09 Strip Topsoil incl site 
clearance m3 301,500 24t exc.,2 x A25 91.8 375 0.2448 9.4517 2849696   

10 Tree Felling No 3,000 24t exc., A25, 4 x petrol saws 64.65 11 5.877272727 226.92 680764.5   

11 Break up any redundant 
pavement m3 850 36t Exc, 2 Trucks, 1 Planing 

Machine 121 30 4.033333333 155.73 132367.95 
  

12 Excavation Type C 
material m³ 2,590,000 

46t Exc, 24t Exc, Drilling Rig, 
Blasting Rig, 350cfm 
compressor, 1 Truck 

171 140 1.221428571 47.159 122142735 
  

13 Excavation of Type B 
material m³ 1,000,100 46t Exc, Komatsu D9 or 

similar, 1 Truck 90.5 225 0.402222222 15.53 15531353   

14 Excavation of Type A 
material m³ 394,900 46t Exc, 1 Truck 50.5 275 0.183636364 7.0902 2799920   

15 Disposal of contaminated 
material m³km 0 3 A40s 190.2 225 0.845333333 32.638 0   

16 Disposal of Unacceptable 
material  m³km 0 3 A40s 190.2 225 0.845333333 32.638 0   

17 
Deposition of acceptable 
material in embankments 
and other areas of Fill 

m³km 3,490,000 1 Bulldozer, 1 compactor 96.5 350 0.275714286 10.645 37152197 
  

18 
Deposition of acceptable 
material in Landscape 
Areas 

m³km 495,000 36t exc. 31 200 0.155 5.9846 2962352.3 
  

Earthworks 

19 
Import acceptable material 
in and under embankments 
and other areas of fill 

m³km 61,000 
1 Truck, 1 Shovel, Komatsu 
D9 or similar, 1 Bulldozer, 1 
compactor  

162 325 0.498461538 19.246 1173981.6 
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20 

Compaction in layers of 
acceptable material under 
embankments and other 
areas of fill, in capping 
areas and landscape areas 

m³ 78,000 1 Vib. Roller V5 18 175 0.102857143 3.9713 309762.51 

  

21 Vertical Drains m³ 17,200 1 46t Exc.,1 Dozer, 3 A40s 287.7 13 22.13076923 854.47 14696867   

22 Geosynthetics m² 34,000 1 Truck  19.5 60 0.325 12.548 426640.5   

23 Topsoiling m² 687,000 2no. 24t excs., 2 A25s 113.3 125 0.9064 34.996 24042323   

24 Landscaping m² 687,000 2no. 24t excs., 2 A25s 113.3 250 0.4532 17.498 12021162 236.922122 

25 Sub - base in carriageway, 
hardshoulder and hardstrip m³ 181,250 1 Grader, 1 Vib Roller, 10 

Trucks, 1 Loader 266 150 1.773333333 68.468 12409898 
  

26 Soil Stabilisation m³ 0 1 Mixer 51 75 0.68 26.255 0   

27 Put Down Road Base m³ 80,000 
Paver, 2 rollers, rubber-tyred 
exc, tractor and trailer, 8 
Trucks 

246.7 63 3.915873016 151.19 12095349 
  

28 Put down Base Course m³ 26,000 
Paver, 2 rollers, rubber-tyred 
exc, tractor and trailer, 8 
Trucks 

246.7 63 3.915873016 151.19 3930988.3 
  

29 Put down Wearing Course m³ 15,000 
Paver, 2 rollers, rubber-tyred 
exc, tractor and trailer, 
chipper, 8 Trucks 

247.7 50 4.954 191.27 2869109.1 
  

30 Put down concrete kerbs 
where required m 200 Rubber-tyred exc, transit and 

trailer, 1 Concrete Mixer 33.125 15 2.208333333 85.264 17052.75 
  

Pavement 

31 Put down concrete 
footpaths where required m² 110 

Rubber-tyred exc, transit and 
trailer, compressor and 3 
pokers, 1 Concrete Mixer 

33.125 13 2.548076923 98.381 10821.938 
31.3332181 

32 Road Lining m 55,950 1 roadmarking lorry 19.5 500 0.039 1.5058 84248.951   Road 
Markings 

Traffic 
Signs 

33 Road Signing (each 
junction) nr 2 Rubber-tyred exc, transit and 

trailer 25 0.6 41.66666667 1608.8 3217.5 
0.08746645 

34 Bridges up to 10m span m² 1,777 

50t Crane, Telescopic forklift, 
cherrypicker, compressor and 
3 pokers, generator, 2 transits, 
1 trailer, 1 Concrete Plant 

105.75 0.15 705 27220 48370029 

  

Structures 

35 Bridges 10 - 50 span m² 3,167 
50t Crane, Telescopic forklift, 
cherrypicker, 4 Trucks, 
Concrete Plant 

103.75 1 103.75 4005.8 12686329 
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36 Bridges > 50 span m² 15,290 
50t Crane, Telescopic forklift, 
cherrypicker, 8 Trucks, 
Concrete Plant 

181.75 2 90.875 3508.7 53647775 
  

37 Concrete median barriers m 17,750 2 Extruded-concrete lorry, 1 
Concrete Extrusion Machine 39 25 1.56 60.232 1069110.9   

38 Retaining Walls m² 20,300 

Rubber-tyred Exc, 
Compressor and 3 pokers, 
generator, transit and trailer, 
Concrete Mixer 

93.125 3 31.04166667 1198.5 24329931 

  

39 Tunnel 
m 

traffic 
lanes 

0       0 0 0 
140.103174 

          418302112 418.302112 
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Portugal 2 

Sector No. Item & Description Units Quantity Plant Description 
Fuel 

Consumption 
Per Hour 

(litres/hour) 

Output 
per 

Hour 

Fuel 
Consumption 

per unit 

Energy 
per 
Unit 

Total 
Energy 

MJ/Item 

Total 
Energy 

Per Sector 
(TJ/Sector) 

02 Culverts incl headwalls m 3,370 50t Crane, 36t Excavator,  49.25 30 1.641666667 63.385 213606.61   
03 Retraining watercourses m3 10,500 24t exc. + 1 Truck 41 13 3.153846154 121.77 1278585   
04 Ditches incl outfall m 84,400 24t exc. + 1 Truck 41 50 0.82 31.66 2672120.9   

Drainage 

05 Piped Drains incl 
manholes m 29,800 24t exc. + 1 Truck 41 15 2.733333333 105.53 3144913.2 7.3092257 

Services 07 Install ducting for 
Utilities m 35,000 24t exc. + 1 Truck 41 25 1.64 63.32 2216214 2.216214 

09 Strip Topsoil incl site 
clearance m3 282,000 24t exc.,2 x A25 91.8 375 0.2448 9.4517 2665387.3   

10 Tree Felling No 2,500 24t exc., A25, 4 x petrol saws 64.65 11 5.877272727 226.92 567303.75   

11 Break up any redundant 
pavement m3 1,000 36t Exc, 2 Trucks, 1 Planing 

Machine 121 30 4.033333333 155.73 155727 
  

12 Excavation Type C 
material m³ 2,250,000 

46t Exc, 24t Exc, Drilling Rig, 
Blasting Rig, 350cfm 
compressor, 1 Truck 

171 140 1.221428571 47.159 106108554 
  

13 Excavation of Type B 
material m³ 1,000,000 46t Exc, Komatsu D9 or 

similar, 1 Truck 90.5 225 0.402222222 15.53 15529800   

14 Excavation of Type A 
material m³ 208,500 46t Exc, 1 Truck 50.5 275 0.183636364 7.0902 1478306.7   

15 Disposal of 
contaminated material m³km 0 3 A40s 190.2 225 0.845333333 32.638 0   

16 Disposal of 
Unacceptable material  m³km 0 3 A40s 190.2 225 0.845333333 32.638 0   

17 

Deposition of 
acceptable material in 
embankments and other 
areas of Fill 

m³km 3,490,000 1 Bulldozer, 1 compactor 96.5 350 0.275714286 10.645 37152197 

  

18 
Deposition of 
acceptable material in 
Landscape Areas 

m³km 110,000 36t exc. 31 200 0.155 5.9846 658300.5 
  

Earthworks 

19 Import acceptable 
material in and under 
embankments and other 

m³km 53,000 1 Truck, 1 Shovel, Komatsu D9 
or similar, 1 Bulldozer, 1 
compactor  

162 325 0.498461538 19.246 1020016.8 
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areas of fill 

20 

Compaction in layers of 
acceptable material 
under embankments 
and other areas of fill, in 
capping areas and 
landscape areas 

m³ 71,000 1 Vib. Roller V5 18 175 0.102857143 3.9713 281963.31 

  

21 Vertical Drains m³ 18,220 1 46t Exc.,1 Dozer, 3 A40s 287.7 13 22.13076923 854.47 15568425   
22 Geosynthetics m² 29,000 1 Truck  19.5 60 0.325 12.548 363899.25   

23 Topsoiling m² 523,000 2no. 24t excs., 2 A25s 113.3 125 0.9064 34.996 18302962   

24 Landscaping m² 523,000 2no. 24t excs., 2 A25s 113.3 250 0.4532 17.498 9151481.2 209.00432 

25 

Sub - base in 
carriageway, 
hardshoulder and 
hardstrip 

m³ 163,000 1 Grader, 1 Vib Roller, 10 
Trucks, 1 Loader 266 150 1.773333333 68.468 11160349 

  
26 Soil Stabilisation m³ 0 1 Mixer 51 75 0.68 26.255 0   

27 Put Down Road Base m³ 70,000 
Paver, 2 rollers, rubber-tyred 
exc, tractor and trailer, 8 
Trucks 

246.7 63 3.915873016 151.19 10583430 
  

28 Put down Base Course m³ 23,500 
Paver, 2 rollers, rubber-tyred 
exc, tractor and trailer, 8 
Trucks 

246.7 63 3.915873016 151.19 3553008.6 
  

29 Put down Wearing 
Course m³ 17,100 

Paver, 2 rollers, rubber-tyred 
exc, tractor and trailer, chipper, 
8 Trucks 

247.7 50 4.954 191.27 3270784.4 
  

30 Put down concrete 
kerbs where required m 300 Rubber-tyred exc, transit and 

trailer, 1 Concrete Mixer 33.125 15 2.208333333 85.264 25579.125 
  

Pavement 

31 
Put down concrete 
footpaths where 
required 

m² 130 
Rubber-tyred exc, transit and 
trailer, compressor and 3 
pokers, 1 Concrete Mixer 

33.125 13 2.548076923 98.381 12789.563 
28.605941 

32 Road Lining m 53,550 1 roadmarking lorry 19.5 500 0.039 1.5058 80635.055   Road 
Markings 

Traffic 
Signs 

33 Road Signing (each 
junction) nr 3 Rubber-tyred exc, transit and 

trailer 25 0.6 41.66666667 1608.8 4826.25 
0.0854613 
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34 Bridges up to 10m span m² 2,760 

50t Crane, Telescopic forklift, 
cherrypicker, compressor and 
3 pokers, generator, 2 transits, 
1 trailer, 1 Concrete Plant 

105.75 0.15 705 27220 75127338 

  

35 Bridges 10 - 50 span m² 2,279 
50t Crane, Telescopic forklift, 
cherrypicker, 4 Trucks, 
Concrete Plant 

103.75 1 103.75 4005.8 9129189.7 
  

36 Bridges > 50 span m² 19,216 
50t Crane, Telescopic forklift, 
cherrypicker, 8 Trucks, 
Concrete Plant 

181.75 2 90.875 3508.7 67422867 
  

37 Concrete median 
barriers m 14,250 2 Extruded-concrete lorry, 1 

Concrete Extrusion Machine 39 25 1.56 60.232 858300.3   

38 Retaining Walls m² 20,300 
Rubber-tyred Exc, Compressor 
and 3 pokers, generator, transit 
and trailer, Concrete Mixer 

93.125 3 31.04166667 1198.5 24329931 
  

Structures 

39 Tunnel 
m 

traffic 
lanes 

0       0 0 0 
176.86763 

          424088791 424.08879 
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Czech Republic 1 

Sector No. Item & Description Units Quantity Plant Description 
Fuel 

Consumption 
Per Hour 

(litres/hour) 

Output 
per 

Hour 

Fuel 
Consumption 

per unit 

Energy 
per 
Unit 

Total 
Energy 

MJ/Item 

Total Energy 
Per Sector 
(TJ/Sector) 

02 Culverts incl headwalls m 351 50t Crane, 36t Excavator,  49.25 30 1.641666667 63.385 22248.047   
03 Retraining watercourses m3 380 24t exc. + 1 Truck 41 13 3.153846154 121.77 46272.6   
04 Ditches incl outfall m 12,100 24t exc. + 1 Truck 41 50 0.82 31.66 383088.42   

Drainage 

05 Piped Drains incl manholes m 28,600 24t exc. + 1 Truck 41 15 2.733333333 105.53 3018272.4 3.469881467 
Services 07 Install ducting for Utilities m 11,690 24t exc. + 1 Truck 41 25 1.64 63.32 740215.48 0.740215476 

09 Strip Topsoil incl site 
clearance m³ 123,000 24t exc.,2 x A25 91.8 375 0.2448 9.4517 1162562.5   

10 Tree Felling No 14,380 24t exc., A25, 4 x petrol 
saws 64.65 11 5.877272727 226.92 3263131.2   

11 Break up any redundant 
pavement m3 40,150 36t Exc, 2 Trucks, 1 

Planing Machine 121 30 4.033333333 155.73 6252439.1 
  

12 Excavation Type C material m³ 0 
46t Exc, 24t Exc, Drilling 
Rig, Blasting Rig, 350cfm 
compressor, 1 Truck 

171 140 1.221428571 47.159 0 
  

13 Excavation of Type B 
material m³ 384,150 46t Exc, Komatsu D9 or 

similar, 1 Truck 90.5 225 0.402222222 15.53 5965772.7   

14 Excavation of Type A 
material m³ 1,500,000 46t Exc, 1 Truck 50.5 275 0.183636364 7.0902 10635300   

15 Disposal of contaminated 
material m³km 150,000 3 A40s 190.2 225 0.845333333 32.638 4895748   

16 Disposal of Unacceptable 
material  m³km 2,400,000 3 A40s 190.2 225 0.845333333 32.638 78331968   

17 
Deposition of acceptable 
material in embankments 
and other areas of Fill 

m³km 9,626,800 1 Bulldozer, 1 compactor 96.5 350 0.275714286 10.645 102480449 
  

18 
Deposition of acceptable 
material in Landscape 
Areas 

m³km 240,000 36t exc. 31 200 0.155 5.9846 1436292 
  

Earthworks 

19 
Import acceptable material 
in and under embankments 
and other areas of fill 

m³km 6,400 
1 Truck, 1 Shovel, 
Komatsu D9 or similar, 1 
Bulldozer, 1 compactor  

162 325 0.498461538 19.246 123171.84 
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20 

Compaction in layers of 
acceptable material under 
embankments and other 
areas of fill, in capping 
areas and landscape areas 

m³ 1,203,350 1 Vib. Roller V5 18 175 0.102857143 3.9713 4778881 

  

21 Vertical Drains m³ 0 1 46t Exc.,1 Dozer, 3 
A40s 287.7 13 22.13076923 854.47 0   

22 Geosynthetics m² 42,000 1 Truck  19.5 60 0.325 12.548 527026.5   

23 Topsoiling m² 100,000 2no. 24t excs., 2 A25s 113.3 125 0.9064 34.996 3499610.4   

24 Landscaping m² 65,000 2no. 24t excs., 2 A25s 113.3 250 0.4532 17.498 1137373.4 224.4897257 

25 Sub - base in carriageway, 
hardshoulder and hardstrip m³ 164,390 1 Grader, 1 Vib Roller, 10 

Trucks, 1 Loader 266 150 1.773333333 68.468 11255520 
  

26 Soil Stabilisation m³ 109,595 1 Mixer 51 75 0.68 26.255 2877394.8   

27 Put Down Road Base m³ 82,195 
Paver, 2 rollers, rubber-
tyred exc, tractor and 
trailer, 8 Trucks 

246.7 63 3.915873016 151.19 12427215 
  

28 Put down Base Course m³ 43,840 
Paver, 2 rollers, rubber-
tyred exc, tractor and 
trailer, 8 Trucks 

246.7 63 3.915873016 151.19 6628251 
  

29 Put down Wearing Course m³ 21,920 
Paver, 2 rollers, rubber-
tyred exc, tractor and 
trailer, chipper, 8 Trucks 

247.7 50 4.954 191.27 4192724.8 
  

30 Put down concrete kerbs 
where required m 8,600 

Rubber-tyred exc, transit 
and trailer, 1 Concrete 
Mixer 

33.125 15 2.208333333 85.264 733268.25 
  

Pavement 

31 Put down concrete 
footpaths where required m² 2,040 

Rubber-tyred exc, transit 
and trailer, compressor 
and 3 pokers, 1 Concrete 
Mixer 

33.125 13 2.548076923 98.381 200697.75 

38.31507156 

32 Road Lining m 128,930 1 roadmarking lorry 19.5 500 0.039 1.5058 194141.5   Road 
Markings 

Traffic 
Signs 

33 Road Signing (each 
junction) nr 1,125 Rubber-tyred exc, transit 

and trailer 25 0.6 41.66666667 1608.8 1809843.8 
2.003985255 

Structures 

34 Bridges up to 10m span m² 4,577 

50t Crane, Telescopic 
forklift, cherrypicker, 
compressor and 3 pokers, 
generator, 2 transits, 1 
trailer, 1 Concrete Plant 

105.75 0.15 705 27220 124586169 
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35 Bridges 10 - 50 span m² 17,963 
50t Crane, Telescopic 
forklift, cherrypicker, 4 
Trucks, Concrete Plant 

103.75 1 103.75 4005.8 71955961 
  

36 Bridges > 50 span m² 9,050 
50t Crane, Telescopic 
forklift, cherrypicker, 8 
Trucks, Concrete Plant 

181.75 2 90.875 3508.7 31753588 
  

37 Concrete median barriers m 16,530 
2 Extruded-concrete lorry, 
1 Concrete Extrusion 
Machine 

39 25 1.56 60.232 995628.35 
  

38 Retaining Walls m² 7,360 

Rubber-tyred Exc, 
Compressor and 3 
pokers, generator, transit 
and trailer, Concrete 
Mixer 

93.125 3 31.04166667 1198.5 8821098 

  

39 Tunnel 
m 

traffic 
lanes 

5,920       0 0 0 
238.112444 

          507131323 507.1313234 
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Czech Republic 2 

Sector No. Item & Description Units Quantity Plant Description 
Fuel 

Consumption 
Per Hour 

(litres/hour) 

Output 
per 

Hour 

Fuel 
Consumption 

per unit 

Energy 
per 
Unit 

Total Energy 
MJ/Item 

Total Energy 
Per Sector 
(TJ/Sector) 

02 Culverts incl headwalls m 0 50t Crane, 36t Excavator,  49.25 30 1.641666667 63.385 0   

03 Retraining 
watercourses m3 0 24t exc. + 1 Truck 41 13 3.153846154 121.77 0   

04 Ditches incl outfall m 9,932 24t exc. + 1 Truck 41 50 0.82 31.66 314449.1   

Drainage 

05 Piped Drains incl 
manholes m 12,880 24t exc. + 1 Truck 41 15 2.733333333 105.53 1359278 1.67372703 

Services 07 Install ducting for 
Utilities m 11,690 24t exc. + 1 Truck 41 25 1.64 63.32 740215.5 0.74021548 

09 Strip Topsoil incl site 
clearance  m3 42,696 24t exc.,2 x A25 91.8 375 0.2448 9.4517 403551   

10 Tree Felling No 9,898 24t exc., A25, 4 x petrol 
saws 64.65 11 5.877272727 226.92 2246069   

11 Break up any 
redundant pavement m3 39,935 36t Exc, 2 Trucks, 1 Planing 

Machine 121 30 4.033333333 155.73 6218958 
  

12 Excavation Type C 
material m³ 0 

46t Exc, 24t Exc, Drilling 
Rig, Blasting Rig, 350cfm 
compressor, 1 Truck 

171 140 1.221428571 47.159 0 
  

13 Excavation of Type B 
material m³ 130,000 46t Exc, Komatsu D9 or 

similar, 1 Truck 90.5 225 0.402222222 15.53 2018874   

14 Excavation of Type A 
material m³ 721,335 46t Exc, 1 Truck 50.5 275 0.183636364 7.0902 5114409   

15 Disposal of 
contaminated material m³km 150,000 3 A40s 190.2 225 0.845333333 32.638 4895748   

16 Disposal of 
Unacceptable material  m³km 1,050,840 3 A40s 190.2 225 0.845333333 32.638 34297652   

17 

Deposition of 
acceptable material in 
embankments and 
other areas of Fill 

m³km 4,240,904 1 Bulldozer, 1 compactor 96.5 350 0.275714286 10.645 45145817 

  

Earthworks 

18 
Deposition of 
acceptable material in 
Landscape Areas 

m³km 240,000 36t exc. 31 200 0.155 5.9846 1436292 
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19 

Import acceptable 
material in and under 
embankments and 
other areas of fill 

m³km 6,400 
1 Truck, 1 Shovel, Komatsu 
D9 or similar, 1 Bulldozer, 1 
compactor  

162 325 0.498461538 19.246 123171.8 

  

20 

Compaction in layers of 
acceptable material 
under embankments 
and other areas of fill, 
in capping areas and 
landscape areas 

m³ 530,113 1 Vib. Roller V5 18 175 0.102857143 3.9713 2105245 

  

21 Vertical Drains m³ 0 1 46t Exc.,1 Dozer, 3 A40s 287.7 13 22.13076923 854.47 0   

22 Geosynthetics m² 42,000 1 Truck  19.5 60 0.325 12.548 527026.5   

23 Topsoiling m² 224,466 2no. 24t excs., 2 A25s 113.3 125 0.9064 34.996 7855435   

24 Landscaping m² 224,466 2no. 24t excs., 2 A25s 113.3 250 0.4532 17.498 3927718 116.315967 

25 

Sub - base in 
carriageway, 
hardshoulder and 
hardstrip 

m³ 75,212 1 Grader, 1 Vib Roller, 10 
Trucks, 1 Loader 266 150 1.773333333 68.468 5149645 

  
26 Soil Stabilisation m³ 64,003 1 Mixer 51 75 0.68 26.255 1680386   

27 Put Down Road Base m³ 34,038 
Paver, 2 rollers, rubber-
tyred exc, tractor and trailer, 
8 Trucks 

246.7 63 3.915873016 151.19 5146268 
  

28 Put down Base Course m³ 16,968 
Paver, 2 rollers, rubber-
tyred exc, tractor and trailer, 
8 Trucks 

246.7 63 3.915873016 151.19 2565423 
  

29 Put down Wearing 
Course m³ 8,110 

Paver, 2 rollers, rubber-
tyred exc, tractor and trailer, 
chipper, 8 Trucks 

247.7 50 4.954 191.27 1551232 
  

30 Put down concrete 
kerbs where required m 7,884 

Rubber-tyred exc, transit 
and trailer, 1 Concrete 
Mixer 

33.125 15 2.208333333 85.264 672219.4 
  

Pavement 

31 
Put down concrete 
footpaths where 
required 

m² 0 
Rubber-tyred exc, transit 
and trailer, compressor and 
3 pokers, 1 Concrete Mixer 

33.125 13 2.548076923 98.381 0 
16.7651742 

32 Road Lining m 82,707 1 roadmarking lorry 19.5 500 0.039 1.5058 124539.4   Road 
Markings 

Traffic 
Signs 

33 Road Signing (each 
junction) nr 104 Rubber-tyred exc, transit 

and trailer 25 0.6 41.66666667 1608.8 167310 
0.29184937 
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34 Bridges up to 10m 
span m² 0 

50t Crane, Telescopic 
forklift, cherrypicker, 
compressor and 3 pokers, 
generator, 2 transits, 1 
trailer, 1 Concrete Plant 

105.75 0.15 705 27220 0 

  

35 Bridges 10 - 50 span m² 0 
50t Crane, Telescopic 
forklift, cherrypicker, 4 
Trucks, Concrete Plant 

103.75 1 103.75 4005.8 0 
  

36 Bridges > 50 span m² 17,189 
50t Crane, Telescopic 
forklift, cherrypicker, 8 
Trucks, Concrete Plant 

181.75 2 90.875 3508.7 60310765 
  

37 Concrete median 
barriers m 9,656 2 Extruded-concrete lorry, 1 

Concrete Extrusion Machine 39 25 1.56 60.232 581596.3   

38 Retaining Walls m² 0 

Rubber-tyred Exc, 
Compressor and 3 pokers, 
generator, transit and trailer, 
Concrete Mixer 

93.125 3 31.04166667 1198.5 0 

  

Structures 

39 Tunnel 
m 

traffic 
lanes 

12320       0 0 0 
60.8923613 

Total Energy Used by Machinery in Road Constuction  1.97E+08 196.679294 
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Sweden 

Sector No. Item & Description Units Quantity Plant Description 
Fuel 

Consumption 
Per Hour 

(litres/hour) 

Output 
per 

Hour 

Fuel 
Consumption 

per unit 

Energy 
per 
Unit 

Total 
Energy 

MJ/Item 

Total 
Energy Per 

Sector 
(TJ/Sector) 

02 Culverts incl headwalls m 100 50t Crane, 36t Excavator,  49.25 30 1.641666667 63.385 6338.475   
03 Retraining watercourses m3 1000 24t exc. + 1 Truck 41 13 3.153846154 121.77 121770   
04 Ditches incl outfall m 3000 24t exc. + 1 Truck 41 50 0.82 31.66 94980.6   

Drainage 

05 Piped Drains incl manholes m 1750 24t exc. + 1 Truck 41 15 2.733333333 105.53 184684.5 0.40777358 
Services 07 Install ducting for Utilities m 10000 24t exc. + 1 Truck 41 25 1.64 63.32 633204 0.633204 

09 Strip Topsoil incl site 
clearance m3 49000 24t exc.,2 x A25 91.8 375 0.2448 9.4517 463134.67   

10 Tree Felling No 10000 24t exc., A25, 4 x petrol saws 64.65 11 5.877272727 226.92 2269215   

11 Break up any redundant 
pavement m3 2000 36t Exc, 2 Trucks, 1 Planing 

Machine 121 30 4.033333333 155.73 311454 
  

12 Excavation Type C material m³ 0 
46t Exc, 24t Exc, Drilling Rig, 
Blasting Rig, 350cfm 
compressor, 1 Truck 

171 140 1.221428571 47.159 0 
  

13 Excavation of Type B 
material m³ 0 46t Exc, Komatsu D9 or 

similar, 1 Truck 90.5 225 0.402222222 15.53 0   

14 Excavation of Type A 
material m³ 180000 46t Exc, 1 Truck 50.5 275 0.183636364 7.0902 1276236   

15 Disposal of contaminated 
material m³km 0 3 A40s 190.2 225 0.845333333 32.638 0   

16 Disposal of Unacceptable 
material  m³km 0 3 A40s 190.2 225 0.845333333 32.638 0   

17 
Deposition of acceptable 
material in embankments 
and other areas of Fill 

m³km 100000 1 Bulldozer, 1 compactor 96.5 350 0.275714286 10.645 1064532.9 
  

18 
Deposition of acceptable 
material in Landscape 
Areas 

m³km 50000 36t exc. 31 200 0.155 5.9846 299227.5 
  

Earthworks 

19 
Import acceptable material 
in and under embankments 
and other areas of fill 

m³km 240000 
1 Truck, 1 Shovel, Komatsu 
D9 or similar, 1 Bulldozer, 1 
compactor  

162 325 0.498461538 19.246 4618944 
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20 

Compaction in layers of 
acceptable material under 
embankments and other 
areas of fill, in capping 
areas and landscape areas 

m³ 120000 1 Vib. Roller V5 18 175 0.102857143 3.9713 476557.71 

  

21 Vertical Drains m³ 0 1 46t Exc.,1 Dozer, 3 A40s 287.7 13 22.13076923 854.47 0   

22 Geosynthetics m² 10000 1 Truck  19.5 60 0.325 12.548 125482.5   

23 Topsoiling m² 3000 2no. 24t excs., 2 A25s 113.3 125 0.9064 34.996 104988.31   

24 Landscaping m² 250000 2no. 24t excs., 2 A25s 113.3 250 0.4532 17.498 4374513 15.3842856 

25 Sub - base in carriageway, 
hardshoulder and hardstrip m³ 0 1 Grader, 1 Vib Roller, 10 

Trucks, 1 Loader 266 150 1.773333333 68.468 0 
  

26 Soil Stabilisation m³ 0 1 Mixer 51 75 0.68 26.255 0   

27 Put Down Road Base m³ 100000 
Paver, 2 rollers, rubber-tyred 
exc, tractor and trailer, 8 
Trucks 

246.7 63 3.915873016 151.19 15119186 
  

28 Put down Base Course m³ 34500 
Paver, 2 rollers, rubber-tyred 
exc, tractor and trailer, 8 
Trucks 

246.7 63 3.915873016 151.19 5216119.1 
  

29 Put down Wearing Course m³ 6000 
Paver, 2 rollers, rubber-tyred 
exc, tractor and trailer, 
chipper, 8 Trucks 

247.7 50 4.954 191.27 1147643.6 
  

30 Put down concrete kerbs 
where required m 7000 Rubber-tyred exc, transit and 

trailer, 1 Concrete Mixer 33.125 15 2.208333333 85.264 596846.25 
  

Pavement 

31 Put down concrete 
footpaths where required m² 0 

Rubber-tyred exc, transit and 
trailer, compressor and 3 
pokers, 1 Concrete Mixer 

33.125 13 2.548076923 98.381 0 
22.0797947 

32 Road Lining m 20000 1 roadmarking lorry 19.5 500 0.039 1.5058 30115.8   Road 
Markings 

Traffic 
Signs 

33 Road Signing (each 
junction) nr 0 Rubber-tyred exc, transit and 

trailer 25 0.6 41.66666667 1608.8 0 
0.0301158 

34 Bridges up to 10m span m² 0 

50t Crane, Telescopic forklift, 
cherrypicker, compressor 
and 3 pokers, generator, 2 
transits, 1 trailer, 1 Concrete 
Plant 

105.75 0.15 705 27220 0 

  

Structures 

35 Bridges 10 - 50 span m² 2240 
50t Crane, Telescopic forklift, 
cherrypicker, 4 Trucks, 
Concrete Plant 

103.75 1 103.75 4005.8 8972964 
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36 Bridges > 50 span m² 19000 
50t Crane, Telescopic forklift, 
cherrypicker, 8 Trucks, 
Concrete Plant 

181.75 2 90.875 3508.7 66664991 
  

37 Concrete median barriers m 0 2 Extruded-concrete lorry, 1 
Concrete Extrusion Machine 39 25 1.56 60.232 0   

38 Retaining Walls m² 7500 

Rubber-tyred Exc, 
Compressor and 3 pokers, 
generator, transit and trailer, 
Concrete Mixer 

93.125 3 31.04166667 1198.5 8988890.6 

  

39 Tunnel 
m 

traffic 
lanes 

29000       0 0 0 
84.6268459 

          123162019 123.162019 
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France East 

Sector No. Item & Description Units Quantity Plant Description 
Output 

per 
Hour 

Fuel 
Consumption 

per unit 

Energy 
per Unit 

Total Energy 
MJ/Item 

Total Energy Per Sector 
(TJ/Sector) 

02 Culverts incl headwalls m 62 50t Crane, 36t Excavator,  30 1.641666667 63.3848 3929.8545   

03 Retraining watercourses m3 600 24t exc. + 1 Truck 13 3.153846154 121.77 73062 
  

04 Ditches incl outfall m 38560 24t exc. + 1 Truck 50 0.82 31.6602 1220817.312   

Drainage 

05 Piped Drains incl manholes m 8905 24t exc. + 1 Truck 15 2.733333333 105.534 939780.27 
2.237589437 

Services 
07 Install ducting for Utilities m 20740 24t exc. + 1 Truck 25 1.64 63.3204 1313265.096 

1.313265096 

09 Strip Topsoil incl site 
clearance m3 80310 24t exc.,2 x A25 375 0.2448 9.45173 759068.2757 

  

10 Tree Felling No 6023 24t exc., A25, 4 x petrol saws 11 5.877272727 226.922 1366748.195 
  

11 Break up any redundant 
pavement m3 2060 36t Exc, 2 Trucks, 1 Planing 

Machine 30 4.033333333 155.727 320797.62 
  

12 Excavation Type C material m³ 0 
46t Exc, 24t Exc, Drilling Rig, 
Blasting Rig, 350cfm 
compressor, 1 Truck 

140 1.221428571 47.1594 0 
  

13 Excavation of Type B 
material m³ 3530 46t Exc, Komatsu D9 or 

similar, 1 Truck 225 0.402222222 15.5298 54820.194 
  

14 Excavation of Type A 
material m³ 31740 46t Exc, 1 Truck 275 0.183636364 7.0902 225042.948 

  

15 Disposal of contaminated 
material m³km   3 A40s 225 0.845333333 32.6383 0 

  

Earthworks 

16 Disposal of Unacceptable 
material  m³km 35272 3 A40s 225 0.845333333 32.6383 1151218.823 
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17 
Deposition of acceptable 
material in embankments 
and other areas of Fill 

m³km 236078 1 Bulldozer, 1 compactor 350 0.275714286 10.6453 2513127.878 

  

18 
Deposition of acceptable 
material in Landscape 
Areas 

m³km 17700 36t exc. 200 0.155 5.98455 105926.535 
  

19 
Import acceptable material 
in and under embankments 
and other areas of fill 

m³km 236078 
1 Truck, 1 Shovel, Komatsu D9 
or similar, 1 Bulldozer, 1 
compactor  

325 0.498461538 19.2456 4543462.757 

  

20 

Compaction in layers of 
acceptable material under 
embankments and other 
areas of fill, in capping 
areas and landscape areas 

m³ 278222 1 Vib. Roller V5 175 0.102857143 3.97131 1104907.003 

  
21 Vertical Drains m³   1 46t Exc.,1 Dozer, 3 A40s 13 22.13076923 854.469 0   
22 Geosynthetics m²   1 Truck  60 0.325 12.5483 0   

23 Topsoiling m² 88530 2no. 24t excs., 2 A25s 125 0.9064 34.9961 3098205.087   

24 Landscaping m² 178100 2no. 24t excs., 2 A25s 250 0.4532 17.4981 3116403.061 18.35972838 

25 Sub - base in carriageway, 
hardshoulder and hardstrip m³ 118370 1 Grader, 1 Vib Roller, 10 

Trucks, 1 Loader 150 1.773333333 68.4684 8104604.508 

  
26 Soil Stabilisation m³   1 Mixer 75 0.68 26.2548 0   

27 Put Down Road Base m³ 18400 
Paver, 2 rollers, rubber-tyred 
exc, tractor and trailer, 8 
Trucks 

63 3.915873016 151.192 2781930.171 
  

Pavement 

28 Put down Base Course m³ 20100 
Paver, 2 rollers, rubber-tyred 
exc, tractor and trailer, 8 
Trucks 

63 3.915873016 151.192 3038956.329 
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29 Put down Wearing Course m³ 12600 
Paver, 2 rollers, rubber-tyred 
exc, tractor and trailer, chipper, 
8 Trucks 

50 4.954 191.274 2410051.644 
  

30 Put down concrete kerbs 
where required m 3700 Rubber-tyred exc, transit and 

trailer, 1 Concrete Mixer 15 2.208333333 85.2638 315475.875 

  

31 Put down concrete 
footpaths where required m² 83000 

Rubber-tyred exc, transit and 
trailer, compressor and 3 
pokers, 1 Concrete Mixer 

13 2.548076923 98.3813 8165643.75 

24.81666228 

32 Road Lining m 20740 1 roadmarking lorry 500 0.039 1.50579 31230.0846   Road 
Markings 

Traffic 
Signs 

33 Road Signing (each 
junction) nr 175 Rubber-tyred exc, transit and 

trailer 0.6 41.66666667 1608.75 281531.25 
0.312761335 

34 Bridges up to 10m span m² 100 

50t Crane, Telescopic forklift, 
cherrypicker, compressor and 
3 pokers, generator, 2 transits, 
1 trailer, 1 Concrete Plant 

0.15 705 27220.1 2722005 

  

35 Bridges 10 - 50 span m² 700 
50t Crane, Telescopic forklift, 
cherrypicker, 4 Trucks, 
Concrete Plant 

1 103.75 4005.79 2804051.25 
  

36 Bridges > 50 span m² 4320 
50t Crane, Telescopic forklift, 
cherrypicker, 8 Trucks, 
Concrete Plant 

2 90.875 3508.68 15157513.8 
  

37 Concrete median barriers m 6848 2 Extruded-concrete lorry, 1 
Concrete Extrusion Machine 25 1.56 60.2316 412465.9968 

  

38 Retaining Walls m² 1730 
Rubber-tyred Exc, Compressor 
and 3 pokers, generator, transit 
and trailer, Concrete Mixer 

3 31.04166667 1198.52 2073437.438 

  

Structures 

39 Tunnel 
m 

traffic 
lanes 

      0 0 0 
23.16947348 

         70209480.01 70.20948001 
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France Grand East 

Sector No. Item & Description Units Quantity Plant Description 

Fuel 
Consumption 

Per Hour 
(litres/hour) 

Output 
per 

Hour 

Fuel 
Consumption 

per unit 

Energy 
per 
Unit 

Total 
Energy 

MJ/Item 

Total Energy Per 
Sector 

(TJ/Sector) 

02 Culverts incl headwalls m 62 50t Crane, 36t Excavator,  49.25 30 1.641666667 63.385 3929.855   

03 Retraining watercourses m3 600 24t exc. + 1 Truck 41 13 3.153846154 121.77 73062 
  

04 Ditches incl outfall m 41270 24t exc. + 1 Truck 41 50 0.82 31.66 1306616   

Drainage 

05 Piped Drains incl manholes m 9640 24t exc. + 1 Truck 41 15 2.733333333 105.53 1017348 
2.400956069 

Services 
07 Install ducting for Utilities m 21990 24t exc. + 1 Truck 41 25 1.64 63.32 1392416 

1.392415596 

09 Strip Topsoil incl site 
clearance m3 97200 24t exc.,2 x A25 91.8 375 0.2448 9.4517 918708 

  

10 Tree Felling No 7300 24t exc., A25, 4 x petrol 
saws 64.65 11 5.877272727 226.92 1656527   

11 Break up any redundant 
pavement m3 1900 36t Exc, 2 Trucks, 1 Planing 

Machine 121 30 4.033333333 155.73 295881.3 
  

12 Excavation Type C material m³ 0 
46t Exc, 24t Exc, Drilling 
Rig, Blasting Rig, 350cfm 
compressor, 1 Truck 

171 140 1.221428571 47.159 0 
  

13 Excavation of Type B 
material m³ 6320 46t Exc, Komatsu D9 or 

similar, 1 Truck 90.5 225 0.402222222 15.53 98148.34 
  

14 Excavation of Type A 
material m³ 56880 46t Exc, 1 Truck 50.5 275 0.183636364 7.0902 403290.6 

  

15 Disposal of contaminated 
material m³km   3 A40s 190.2 225 0.845333333 32.638 0 

  

Earthworks 

16 Disposal of Unacceptable 
material  m³km 63194 3 A40s 190.2 225 0.845333333 32.638 2062546 
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17 
Deposition of acceptable 
material in embankments 
and other areas of Fill 

m³km 240608 1 Bulldozer, 1 compactor 96.5 350 0.275714286 10.645 2561351 

  

18 
Deposition of acceptable 
material in Landscape 
Areas 

m³km 181000 36t exc. 31 200 0.155 5.9846 1083204 
  

19 
Import acceptable material 
in and under embankments 
and other areas of fill 

m³km 240608 
1 Truck, 1 Shovel, Komatsu 
D9 or similar, 1 Bulldozer, 1 
compactor  

162 325 0.498461538 19.246 4630645 

  

20 

Compaction in layers of 
acceptable material under 
embankments and other 
areas of fill, in capping 
areas and landscape areas 

m³ 338162 1 Vib. Roller V5 18 175 0.102857143 3.9713 1342948 

  
21 Vertical Drains m³   1 46t Exc.,1 Dozer, 3 A40s 287.7 13 22.13076923 854.47 0   
22 Geosynthetics m²   1 Truck  19.5 60 0.325 12.548 0   

23 Topsoiling m² 90430 2no. 24t excs., 2 A25s 113.3 125 0.9064 34.996 3164698   

24 Landscaping m² 192800 2no. 24t excs., 2 A25s 113.3 250 0.4532 17.498 3373624 21.5915709 

25 Sub - base in carriageway, 
hardshoulder and hardstrip m³ 147096 1 Grader, 1 Vib Roller, 10 

Trucks, 1 Loader 266 150 1.773333333 68.468 10071428 

  
26 Soil Stabilisation m³   1 Mixer 51 75 0.68 26.255 0   

27 Put Down Road Base m³ 19900 
Paver, 2 rollers, rubber-
tyred exc, tractor and trailer, 
8 Trucks 

246.7 63 3.915873016 151.19 3008718 
  

Pavement 

28 Put down Base Course m³ 21300 
Paver, 2 rollers, rubber-
tyred exc, tractor and trailer, 
8 Trucks 

246.7 63 3.915873016 151.19 3220387 
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29 Put down Wearing Course m³ 13400 
Paver, 2 rollers, rubber-
tyred exc, tractor and trailer, 
chipper, 8 Trucks 

247.7 50 4.954 191.27 2563071 
  

30 Put down concrete kerbs 
where required m 3800 

Rubber-tyred exc, transit 
and trailer, 1 Concrete 
Mixer 

33.125 15 2.208333333 85.264 324002.3 

  

31 Put down concrete 
footpaths where required m² 88000 

Rubber-tyred exc, transit 
and trailer, compressor and 
3 pokers, 1 Concrete Mixer 

33.125 13 2.548076923 98.381 8657550 

27.84515533 

32 Road Lining m 21990 1 roadmarking lorry 19.5 500 0.039 1.5058 33112.32   Road 
Markings 

Traffic 
Signs 

33 Road Signing (each 
junction) nr 162 Rubber-tyred exc, transit 

and trailer 25 0.6 41.66666667 1608.8 260617.5 
0.293729822 

34 Bridges up to 10m span m² 100 

50t Crane, Telescopic 
forklift, cherrypicker, 
compressor and 3 pokers, 
generator, 2 transits, 1 
trailer, 1 Concrete Plant 

105.75 0.15 705 27220 2722005 

  

35 Bridges 10 - 50 span m² 700 
50t Crane, Telescopic 
forklift, cherrypicker, 4 
Trucks, Concrete Plant 

103.75 1 103.75 4005.8 2804051 
  

36 Bridges > 50 span m² 4320 
50t Crane, Telescopic 
forklift, cherrypicker, 8 
Trucks, Concrete Plant 

181.75 2 90.875 3508.7 15157514 
  

37 Concrete median barriers m 7415 
2 Extruded-concrete lorry, 1 
Concrete Extrusion 
Machine 

39 25 1.56 60.232 446617.3 
  

38 Retaining Walls m² 1930 

Rubber-tyred Exc, 
Compressor and 3 pokers, 
generator, transit and 
trailer, Concrete Mixer 

93.125 3 31.04166667 1198.5 2313141 

  

Structures 

39 Tunnel 
m 

traffic 
lanes 

        0 0 0 
23.44332855 

          76967156 76.96715627 
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France Grand West 

Sector No. Item & Description Units Quantity Plant Description 

Fuel 
Consumption 

Per Hour 
(litres/hour) 

Output 
per 

Hour 

Fuel 
Consumption 

per unit 

Energy 
per 
Unit 

Total 
Energy 

MJ/Item 

Total Energy Per 
Sector (TJ/Sector) 

02 Culverts incl headwalls m 70 50t Crane, 36t Excavator,  49.25 30 1.641666667 63.385 4436.9325   
03 Retraining watercourses m3 700 24t exc. + 1 Truck 41 13 3.153846154 121.77 85239   
04 Ditches incl outfall m 34840 24t exc. + 1 Truck 41 50 0.82 31.66 1103041.4   

Drainage 

05 Piped Drains incl 
manholes m 7700 24t exc. + 1 Truck 41 15 2.733333333 105.53 812611.8 2.005329101 

Services 
07 Install ducting for Utilities m 19440 24t exc. + 1 Truck 41 25 1.64 63.32 1230948.6 

1.230948576 

09 Strip Topsoil incl site 
clearance m3 70119 24t exc.,2 x A25 91.8 375 0.2448 9.4517 662745.72   

10 Tree Felling No 5260 24t exc., A25, 4 x petrol 
saws 64.65 11 5.877272727 226.92 1193607.1 

  

11 Break up any redundant 
pavement m3 2830 36t Exc, 2 Trucks, 1 

Planing Machine 121 30 4.033333333 155.73 440707.41 
  

12 Excavation Type C 
material m³   

46t Exc, 24t Exc, Drilling 
Rig, Blasting Rig, 350cfm 
compressor, 1 Truck 

171 140 1.221428571 47.159 0 
  

13 Excavation of Type B 
material m³ 2210 46t Exc, Komatsu D9 or 

similar, 1 Truck 90.5 225 0.402222222 15.53 34320.858 
  

14 Excavation of Type A 
material m³ 19900 46t Exc, 1 Truck 50.5 275 0.183636364 7.0902 141094.98   

15 Disposal of contaminated 
material m³km   3 A40s 190.2 225 0.845333333 32.638 0   

16 Disposal of Unacceptable 
material  m³km 22104 3 A40s 190.2 225 0.845333333 32.638 721437.43   

17 
Deposition of acceptable 
material in embankments 
and other areas of Fill 

m³km 262620 1 Bulldozer, 1 compactor 96.5 350 0.275714286 10.645 2795676.2 
  

Earthworks 

18 
Deposition of acceptable 
material in Landscape 
Areas 

m³km 16800 36t exc. 31 200 0.155 5.9846 100540.44 
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19 

Import acceptable material 
in and under 
embankments and other 
areas of fill 

m³km 262620 
1 Truck, 1 Shovel, 
Komatsu D9 or similar, 1 
Bulldozer, 1 compactor  

162 325 0.498461538 19.246 5054279.5 

  

20 

Compaction in layers of 
acceptable material under 
embankments and other 
areas of fill, in capping 
areas and landscape 
areas 

m³ 251078 1 Vib. Roller V5 18 175 0.102857143 3.9713 997109.65 

  

21 Vertical Drains m³   1 46t Exc.,1 Dozer, 3 
A40s 287.7 13 22.13076923 854.47 0   

22 Geosynthetics m² 0 1 Truck  19.5 60 0.325 12.548 0   

23 Topsoiling m² 183968 2no. 24t excs., 2 A25s 113.3 125 0.9064 34.996 6438163.3   

24 Landscaping m² 154000 2no. 24t excs., 2 A25s 113.3 250 0.4532 17.498 2694700 21.2743825 

25 
Sub - base in carriageway, 
hardshoulder and 
hardstrip 

m³ 106104 1 Grader, 1 Vib Roller, 10 
Trucks, 1 Loader 266 150 1.773333333 68.468 7264771.1 

  
26 Soil Stabilisation m³   1 Mixer 51 75 0.68 26.255 0   

27 Put Down Road Base m³ 15900 
Paver, 2 rollers, rubber-
tyred exc, tractor and 
trailer, 8 Trucks 

246.7 63 3.915873016 151.19 2403950.5 
  

28 Put down Base Course m³ 18800 
Paver, 2 rollers, rubber-
tyred exc, tractor and 
trailer, 8 Trucks 

246.7 63 3.915873016 151.19 2842406.9 
  

29 Put down Wearing Course m³ 11820 
Paver, 2 rollers, rubber-
tyred exc, tractor and 
trailer, chipper, 8 Trucks 

247.7 50 4.954 191.27 2260858 
  

30 Put down concrete kerbs 
where required m 3500 

Rubber-tyred exc, transit 
and trailer, 1 Concrete 
Mixer 

33.125 15 2.208333333 85.264 298423.13 
  

Pavement 

31 Put down concrete 
footpaths where required m² 77760 

Rubber-tyred exc, transit 
and trailer, compressor 
and 3 pokers, 1 Concrete 
Mixer 

33.125 13 2.548076923 98.381 7650126 

22.72053565 
Road 32 Road Lining m 19440 1 roadmarking lorry 19.5 500 0.039 1.5058 29272.558   
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Markings 
Traffic 
Signs 

33 Road Signing (each 
junction) nr 162 Rubber-tyred exc, transit 

and trailer 25 0.6 41.66666667 1608.8 260617.5 
0.289890058 

34 Bridges up to 10m span m² 100 

50t Crane, Telescopic 
forklift, cherrypicker, 
compressor and 3 pokers, 
generator, 2 transits, 1 
trailer, 1 Concrete Plant 

105.75 0.15 705 27220 2722005 

  

35 Bridges 10 - 50 span m² 980 
50t Crane, Telescopic 
forklift, cherrypicker, 4 
Trucks, Concrete Plant 

103.75 1 103.75 4005.8 3925671.8 
  

36 Bridges > 50 span m² 6000 
50t Crane, Telescopic 
forklift, cherrypicker, 8 
Trucks, Concrete Plant 

181.75 2 90.875 3508.7 21052103 
  

37 Concrete median barriers m 5756 
2 Extruded-concrete lorry, 
1 Concrete Extrusion 
Machine 

39 25 1.56 60.232 346693.09 
  

38 Retaining Walls m² 1540 

Rubber-tyred Exc, 
Compressor and 3 
pokers, generator, transit 
and trailer, Concrete 
Mixer 

93.125 3 31.04166667 1198.5 1845718.9 

  

Structures 

39 Tunnel 
m 

traffic 
lanes 

        0 0 0 
29.89219121 

          77413277 77.4132771 
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France West 

Sector No. Item & Description Units Quantity Plant Description 
Output 

per 
Hour 

Fuel 
Consumption 

per unit 

Energy 
per 
Unit 

Total Energy 
MJ/Item 

Total Energy Per Sector 
(TJ/Sector) 

02 Culverts incl headwalls m 35 50t Crane, 36t Excavator,  30 1.641666667 63.385 2218.46625   

03 Retraining watercourses m3 300 24t exc. + 1 Truck 13 3.153846154 121.77 36531 
  

04 Ditches incl outfall m 33140 24t exc. + 1 Truck 50 0.82 31.66 1049219.028   

Drainage 

05 Piped Drains incl 
manholes m 7550 24t exc. + 1 Truck 15 2.733333333 105.53 796781.7 

1.884750194 
Services 

07 Install ducting for Utilities m 18040 24t exc. + 1 Truck 25 1.64 63.32 1142300.016 
1.142300016 

09 Strip Topsoil incl site 
clearance m3 72879 24t exc.,2 x A25 375 0.2448 9.4517 688832.4849 

  

10 Tree Felling No 4910 24t exc., A25, 4 x petrol 
saws 11 5.877272727 226.92 1114184.565 

  

11 Break up any redundant 
pavement m3 3100 36t Exc, 2 Trucks, 1 

Planing Machine 30 4.033333333 155.73 482753.7 
  

12 Excavation Type C 
material m³ 0 

46t Exc, 24t Exc, Drilling 
Rig, Blasting Rig, 350cfm 
compressor, 1 Truck 

140 1.221428571 47.159 0 
  

13 Excavation of Type B 
material m³ 1635 46t Exc, Komatsu D9 or 

similar, 1 Truck 225 0.402222222 15.53 25391.223 
  

14 Excavation of Type A 
material m³ 14700 46t Exc, 1 Truck 275 0.183636364 7.0902 104225.94 

  

15 Disposal of contaminated 
material m³km 0 3 A40s 225 0.845333333 32.638 0 

  

Earthworks 

16 Disposal of Unacceptable 
material  m³km 16338 3 A40s 225 0.845333333 32.638 533244.8722 
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17 
Deposition of acceptable 
material in embankments 
and other areas of Fill 

m³km 172070 1 Bulldozer, 1 compactor 350 0.275714286 10.645 1831741.687 

  

18 
Deposition of acceptable 
material in Landscape 
Areas 

m³km 14500 36t exc. 200 0.155 5.9846 86775.975 
  

19 

Import acceptable 
material in and under 
embankments and other 
areas of fill 

m³km 172070 
1 Truck, 1 Shovel, 
Komatsu D9 or similar, 1 
Bulldozer, 1 compactor  

325 0.498461538 19.246 3311590.392 

  

20 

Compaction in layers of 
acceptable material under 
embankments and other 
areas of fill, in capping 
areas and landscape 
areas 

m³ 236892 1 Vib. Roller V5 175 0.102857143 3.9713 940772.5838 

  
21 Vertical Drains m³   1 46t Exc.,1 Dozer, 3 A40s 13 22.13076923 854.47 0   
22 Geosynthetics m²   1 Truck  60 0.325 12.548 0   

23 Topsoiling m² 172588 2no. 24t excs., 2 A25s 125 0.9064 34.996 6039907.597   

24 Landscaping m² 151000 2no. 24t excs., 2 A25s 250 0.4532 17.498 2642205.852 17.80162687 

25 

Sub - base in 
carriageway, 
hardshoulder and 
hardstrip 

m³ 100414 1 Grader, 1 Vib Roller, 10 
Trucks, 1 Loader 150 1.773333333 68.468 6875185.918 

  
26 Soil Stabilisation m³   1 Mixer 75 0.68 26.255 0   

27 Put Down Road Base m³ 15600 
Paver, 2 rollers, rubber-
tyred exc, tractor and 
trailer, 8 Trucks 

63 3.915873016 151.19 2358592.971 
  

Pavement 

28 Put down Base Course m³ 17450 
Paver, 2 rollers, rubber-
tyred exc, tractor and 
trailer, 8 Trucks 

63 3.915873016 151.19 2638297.907 
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29 Put down Wearing 
Course m³ 10970 

Paver, 2 rollers, rubber-
tyred exc, tractor and 
trailer, chipper, 8 Trucks 

50 4.954 191.27 2098275.122 
  

30 Put down concrete kerbs 
where required m 3500 

Rubber-tyred exc, transit 
and trailer, 1 Concrete 
Mixer 

15 2.208333333 85.264 298423.125 

  

31 Put down concrete 
footpaths where required m² 72200 

Rubber-tyred exc, transit 
and trailer, compressor and 
3 pokers, 1 Concrete Mixer 

13 2.548076923 98.381 7103126.25 

21.37190129 

32 Road Lining m 18030 1 roadmarking lorry 500 0.039 1.5058 27149.3937   Road 
Markings 

Traffic 
Signs 

33 Road Signing (each 
junction) nr 120 Rubber-tyred exc, transit 

and trailer 0.6 41.66666667 1608.8 193050 
0.220199394 

34 Bridges up to 10m span m² 0 

50t Crane, Telescopic 
forklift, cherrypicker, 
compressor and 3 pokers, 
generator, 2 transits, 1 
trailer, 1 Concrete Plant 

0.15 705 27220 0 

  

35 Bridges 10 - 50 span m² 560 
50t Crane, Telescopic 
forklift, cherrypicker, 4 
Trucks, Concrete Plant 

1 103.75 4005.8 2243241 
  

36 Bridges > 50 span m² 5670 
50t Crane, Telescopic 
forklift, cherrypicker, 8 
Trucks, Concrete Plant 

2 90.875 3508.7 19894236.86 
  

37 Concrete median barriers m 5216 
2 Extruded-concrete lorry, 
1 Concrete Extrusion 
Machine 

25 1.56 60.232 314168.0256 
  

38 Retaining Walls m² 1510 

Rubber-tyred Exc, 
Compressor and 3 pokers, 
generator, transit and 
trailer, Concrete Mixer 

3 31.04166667 1198.5 1809763.313 

  

Structures 

39 Tunnel 
m 

traffic 
lanes 

      0 0 0 
24.2614092 

         66682186.97 66.68218697 
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Placement Energy per Sector: 

Sector 
Total Energy 

Per Sector 
(TJ/Sector) 

Total Energy 
Per Sector 
(TJ/Sector) 

Total Energy 
Per Sector 
(TJ/Sector) 

Total Energy 
Per Sector 
(TJ/Sector) 

Total Energy 
Per Sector 
(TJ/Sector) 

Total Energy 
Per Sector 
(TJ/Sector) 

Total Energy 
Per Sector 
(TJ/Sector) 

  Czech Republic 
1 

Czech Republic 
2 Ireland 01 Ireland 02 Ireland 03 Ireland 04 Ireland 05 

Drainage 3.47 1.67 1.40 1.26 0.94 0.97 1.21 
Services 0.74 0.74 2.67 3.16 2.92 2.92 2.83 
Earthworks 224.49 116.32 30.35 31.15 32.55 29.88 32.76 
Pavement 38.32 16.77 15.59 15.33 14.26 14.29 14.75 
Road Markings Traffic 
Signs 2.00 0.29 0.21 0.21 0.21 0.21 0.18 
Structures 238.11 60.89 14.65 14.99 14.14 12.39 12.43 
Total Energy (TJ) 507.13 196.68 64.87 66.10 65.02 60.66 64.16 
        
        

Sector 
Total Energy 

Per Sector 
(TJ/Sector) 

Total Energy 
Per Sector 
(TJ/Sector) 

Total Energy 
Per Sector 
(TJ/Sector) 

Total Energy 
Per Sector 
(TJ/Sector) 

Total Energy 
Per Sector 
(TJ/Sector) 

Total Energy 
Per Sector 
(TJ/Sector) 

Total Energy 
Per Sector 
(TJ/Sector) 

  Sweden France Est France Grand Est 
France Grand 
Ouest France Ouest Portugal 1 Portugal2 

Drainage 0.41 2.24 2.40 2.01 1.88 7.45 7.31 
Services 0.63 1.31 1.39 1.23 1.14 2.41 2.22 
Earthworks 15.38 18.36 21.59 21.27 17.80 236.92 209.00 
Pavement 22.08 24.82 27.85 22.72 21.37 31.33 28.61 
Road Markings Traffic 
Signs 0.03 0.31 0.29 0.29 0.22 0.09 0.09 
Structures 84.63 23.17 23.44 29.89 24.26 140.10 176.87 
Total Energy (TJ) 123.16 70.21 76.96 77.41 66.67 418.3 424.1 
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Placement Energy per Route Option:                                  
Road & Route 
Option 

Total Placement Energy Per 
Route  (TJ/Route) 

Czech Republic 1 507.13 
Czech Republic 2 196.68 
Ireland 01 64.86 
Ireland 02 66.10 
Ireland 03 65.00 
Ireland 04 60.65 
Ireland 05 64.16 
Sweden 123.16 
France Est 70.21 
France Grand Est 76.97 
France Ouest 66.68 
France Grand Ouest 77.41 
Portugal 1 418.30 
Portugal2 424.09 

 
Total Placement Energy per km: 

Road & Route 
Option 

Total Placement 
Energy Per Route 

(TJ/Route) 

Total 
Route 
Length 

(km) 

Total Placement 
Energy Per 
Kilometre 
(TJ/km) 

Czech Republic 1 507.13 16.73 30.32 
Czech Republic 2 196.68 9.50 20.70 
Ireland 01 64.86 12.57 5.16 
Ireland 02 66.10 12.37 5.34 
Ireland 03 65.00 11.43 5.69 
Ireland 04 60.65 11.45 5.30 
Ireland 05 64.16 13.13 4.89 
Sweden 123.16 5.70 21.61 
France Est 70.21 13.45 5.22 
France Grand Est 76.97 16.60 4.64 
France Ouest 66.68 12.53 5.32 
France Grand 
Ouest 77.41 12.79 6.05 
Portugal 1 418.30 15.60 26.81 
Portugal2 424.09 15.90 26.67 
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Total Materials Energy per km: 

Road & Route 
Option 

Quantity 
of 

Aggregate 
(tonne/km) 

Quantity 
of 

Bitumen 
(tonne/km) 

Energy 
Aggregate 

(TJ/km) 

Energy 
Bitumen 
(TJ/km) 

Total 
Material 

Energy Per 
km (TJ/km) 

Czech Republic 1 14150 550 0.40 2.69 3.09 
Czech Republic 2 14150 550 0.40 2.69 3.09 
Ireland 01 9518 451 0.27 2.20 2.47 
Ireland 02 9511 451 0.27 2.20 2.47 
Ireland 03 9549 453 0.27 2.21 2.48 
Ireland 04 9552 453 0.27 2.21 2.48 
Ireland 05 8392 398 0.24 1.94 2.18 
Sweden 3005 180 0.09 0.88 0.96 
France Est 6300 307 0.18 1.50 1.68 
France Grand Est 6300 307 0.18 1.50 1.68 
France Ouest 6300 307 0.18 1.50 1.68 
France Grand 
Ouest 6300 307 0.18 1.50 1.68 
Portugal 1 13300 580 0.38 2.83 3.21 
Portugal2 13300 580 0.38 2.83 3.21 
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Total Road Construction Energy: 

Road & Route 
Option Road Type 

Total Placement 
Energy Per 
Kilometre 
(TJ/km) 

Total Material Energy 
Per km (TJ/km) 

Total Road 
Construction 

Energy (TJ/km) 
Czech Republic 1 Motorway 30.32 3.09 33.41 
Czech Republic 2 Motorway 20.70 3.09 23.79 
Ireland 01 National Road 5.16 2.47 7.63 
Ireland 02 National Road 5.34 2.47 7.82 
Ireland 03 National Road 5.69 2.48 8.17 
Ireland 04 National Road 5.30 2.48 7.78 
Ireland 05 National Road 4.89 2.18 7.07 
Sweden Motorway 21.61 0.96 22.57 
France Est National Road 5.22 1.68 6.90 
France Grand Est National Road 4.64 1.68 6.31 
France Ouest National Road 5.32 1.68 7.00 
France Grand 
Ouest National Road 6.05 1.68 7.73 
Portugal 1 Motorway 26.81 3.21 30.02 
Portugal2 Motorway 26.67 3.21 29.88 

 
 
Calculations on 14 European Routes show that the Average Total Road Construction Energy is 14.72 TJ/km. Using the vehicle software program, VETO, the 
Average Energy per Kilometre for Vehicles for the Life Cycle of Road (TJ/km) for the same routes is 297.08 TJ/km. Hence for these routes the energy 
required for vehicle operation is 20.18 greater than that for road construction. 
 



Energy Usage Spreadsheet  
   

  
  

 
Economic Cost of Diesel Used 
 

Road & Route 
Option 

Million Litres 
of Diesel Oil 
Equivalent 

Per Kilometre  

Price per 
litre Diesel 
(Euro) IRE 
20/01/2005 

Total 
Route 
Length 

(km) 

Economic 
Cost of Diesel 

Used Per 
Kilometre 
(Euro/km) 

Total 
Economic 

Cost of 
Diesel Used 

(Euro) 

Total 
Project 
Budget 
(Euro) 

Cost of 
Diesel as 

Proportion 
of Total 

Costs (%) 
Czech Republic 1 0.952 0.54 16.73 513,984 8,596,388 332,446,809 2.586 
Czech Republic 2 0.678 0.54 16.00 366,005 5,856,076 232,712,766 2.516 
Ireland 01 0.217 0.54 12.57 117,425 1,476,029 39,604,759 3.727 
Ireland 02 0.223 0.54 12.37 120,242 1,487,396 39,879,510 3.730 
Ireland 03 0.233 0.54 11.43 125,694 1,436,686 36,315,184 3.956 
Ireland 04 0.222 0.54 11.45 119,698 1,370,542 35,263,595 3.887 
Ireland 05 0.201 0.54 13.13 108,743 1,427,796 41,542,285 3.437 
Sweden 0.643 0.54 5.70 347,255 1,979,355 70,000,000 2.828 
France Est 0.197 0.54 13.45 106,122 1,427,337 28,307,820 5.042 
France Grand Est 0.180 0.54 16.60 97,145 1,612,614 25,667,069 6.283 
France Ouest 0.199 0.54 12.53 107,687 1,349,322 21,680,644 6.224 
France Grand 
Ouest 0.220 0.54 12.79 118,931 1,521,128 27,473,643 5.537 
Portugal 1 0.855 0.54 15.60 461,905 7,205,720 79,100,000 9.110 
Portugal2 0.851 0.54 15.90 459,721 7,309,559 81,200,000 9.002 



Energy Usage Spreadsheet  
   

  
  

Carbon Dioxide from Diesel used: 

Road & Route 
Option 

Million Tonnes of 
Diesel Oil 

Equivalent Per 
Kilometre 
(Mtoe/km) 

Carbon 
Dioxide 

Emissions 
(tonnes/km) 

Total 
Route 
Length 

(km) 

Tonne Carbon 
Dioxide 

Emissions Per 
Route (tonnes) 

Czech Republic 1 0.0007978 2473 16.73 41364 
Czech Republic 2 0.0005681 1761 16.00 28178 
Ireland 01 0.0001823 565 12.57 7102 
Ireland 02 0.0001866 579 12.37 7157 
Ireland 03 0.0001951 605 11.43 6913 
Ireland 04 0.0001858 576 11.45 6595 
Ireland 05 0.0001688 523 13.13 6870 
Sweden 0.0005390 1671 5.70 9524 
France Est 0.0001647 511 13.45 6868 
France Grand Est 0.0001508 467 16.60 7760 
France Ouest 0.0001672 518 12.53 6493 
France Grand 
Ouest 0.0001846 572 12.79 7319 
Portugal 1 0.0007170 2223 15.60 34673 
Portugal2 0.0007136 2212 15.90 35172 

 
 
Vehicles: 

Road & Route 
Option Road Type 

Total Vehicle 
Energy for 

Road Project 
2010-2029 TJ 

Total Route 
Length 

(km) 

Total Vehicle 
Energy Per 
Kilometre 
2010-2029 

TJ/km 
Czech Republic 1 Motorway 6111 16.73 365 
Czech Republic 2 Motorway 8251 16.00 516 
Ireland 01 National Road 1568 12.57 125 
Ireland 02 National Road 1683 12.37 136 
Ireland 03 National Road 1533 11.43 134 
Ireland 04 National Road 1626 11.45 142 
Ireland 05 National Road 2299 13.13 175 
Sweden bridge Motorway 1087 5.70 191 
Sweden tunnel Motorway 1074 5.70 188 
France Est National Road 932 13.45 69 
France Grand Est National Road 1098 16.60 66 
France Ouest National Road 1421 12.53 113 
France Grand Ouest National Road 1391 12.79 109 
Portugal 1 Motorway 12801 15.60 821 
Portugal2 Motorway 11287 15.90 710 

 



  
   

  
  

Concrete: 
Cement     

Portland Cement Production (10):     

Process Activity Equipment Description Size 

Quarry Preparation Excavate topsoil & load Excavator 

Limestone, shells or chalk, 
and shale, clay, sand,  
or iron ore  

 
 
 

 Transport and dump Dump truck   

Extraction of Raw Material Drill blast holes Driller   

 Charge holes & blast 
Explosives, 
detonators   

 
Limestone excavation & 
loading Excavator   

 
Limestone transport for 
processing Dump truck   

Processing of Raw Material-Wet or Dry 
Method Crushing  Primary crusher  125 mm 

  Secondary crusher  19 mm 

Transportation of raw materials 
Transport to cement 
plant Dump truck   

Production of raw meal Grinding Grinder Grinding and blending  

 Blending    

Burning/production of clinker Heating Kiln Drying & fusing  

 Cooling    

Addition with gypsum  Mixing    

Grinding of cement Grinding Grinder  75 microns 

Transport to customer or further 
processing Transport Lorry   

 
 



  
   

  
  

 
 
Concrete: 
 

Cement Production Resource Energy Emissions 

Input/Output Limestone 

Fossil 
Fuel 

MJ/kg 
Electricity 

MJ/kg CO2mg/kg 
NOx 

mg/kg 
SO2 

mg/kg 
CO 

mg/kg 
HC 

mg/kg 
VOC 
tot 

CH4 
kg/TJ PAH mg/kg 

Benzene 
mg/kg 

Resource Consumption 1.2            

Fuel consumption  4.9 0.45          

Emissions             

    780000 3700 630 1900 130 910 750 0.0036 0.0069 

 
Cement Production Emissions 

Input/Output 
Phenol 
mg/kg 

Particulates 
mg/kg 

N2O 
mg/kg 

Cr 
mg/kg 

Pb 
mg/kg 

ZN 
mg/kg 

HG 
mg/kg 

Tl 
mg/kg 

As 
mg/kg 

Cd 
mg/kg COD 

N tot 
mg/kg 

Oil (aq) 
mg/kg 

Resource Consumption              

Fuel consumption              

Emissions              

 0.0021 390 0.0021 0.0078 0.00049 0.00018 0.0092 0.00025 0.023 0.002 0.42 
 
0.00069 

 
0.14 

 
 
 
 
 
 
 
 
 
 



  
   

  
  

Bitumen – This inventory study covers environmental inputs and outputs and energy consumption associated with the production of 1kg of paving grade bitumen. 
Process Activity Equipment Product  Description Input/Output Mean Quantity Min. Max. 

Crude Oil Extraction (1)  Extraction (2)  Middle Eastern crude oil (2) Bitumen yield  70%   

   Venezuelan crude oil (2)  Bitumen yield  30%   

     Fuel consumption-Gas    

     
Emissions from Gas 
consumed  

  

Transport to European Refinery Inland transport Pipeline Aggregate crude oil Distance to Europe  100.00 km   

 Shipping Tanker (2) Aggregate crude oil (2) One way distance  11,200.00 km 9,520km 11,920km 

    Round trip distance  22,400.00 km   

    Tanker weight  105,000,000kg   

     
Fuel consumption-
Bunker Fuel 68.05 kg/km 

60.50 
kg/km 

75.60 
kg/km 

Complex Refinery (2) Bitumen production (2)  Pen. 50/70 (2)      

 Bitumen storage        

 Emissions        

 
Blending-Straight Run  
Grades 

 
 40/60 Pen.    

  

   70/100 Pen.      

   160/220 Pen      

 Modified Binders  SBS Polymers      

 Admixtures  Fibres      

   Crumb Rubber      

Transport to OPEC Country Shipping Tanker  Bitumen 
Average distance 
to OPEC Country(1) 

 
  

  

Transport to Storage Depot-
Case Study Shell Terminal 
Ireland (1) Pipeline Pump  Bitumen     

  

  Boiler Steam      
Bitumen Storage-Case Study 
Shell Terminal Ireland Bitumen storage Boiler Thermofluid-hot oil    

  

 Additional Blending Agitator Binder      

 Addition of Modifiers Agitator SBS Polymers      

 Transfer to Road Tankers Pumps Bitumen       

Transport to Customer Inland transport Road tanker Bitumen       



  
   

  
  

 
  Resource Energy 

Process Input/Output kg fuel 

kg 
fuel 

per kg 
cargo 

Gas 
MJ/kg 

Oil 
MJ/kg 

Electricity 
MJ/kg 

Primary 
Energy 
MJ/kg 

CO2 

mg/kg 

 
 
 

SO2 
mg/kg 

Crude Oil Extraction (1)           

 Fuel Consumption - Gas   2.196      

 
Emissions from gas 
consumed       

10991
8 

 
0.324 

Transport to European Refinery          

          

 
Fuel consumption – Bunker 
Fuel 1524320 0.015  0.587952    

 

 
  Energy contd. 

Process Input/Output 
Nox 

mg/kg 
CO 

mg/kg 
HC 

mg/kg 
Dust 

mg/kg 
Metals 
mg/kg 

HCl 
mg/kg 

CH4 
kg/TJ 

NMVOC 
kg/TJ 

Crude Oil Extraction (1)           

 Fuel Consumption - Gas         

 
Emissions from gas 
consumed 658 3.24 1163 154   8 4 

Transport to European Refinery          

          

 
Fuel Consumption – Bunker 
Fuel         

 
 
 
 
 
 



  
   

  
  

Aggregates: 
Aggregates: 

This inventory study covers environmental inputs and outputs and energy consumption associated with the production of 1kg of aggregate. 

 Case Study 
Generic 
Quarry   Morrissey's Quarry (4) Calculations by Volume 

Process Activity Equipment Product Description 
Mean 

Quantity Min. Max. 

Quarry 
Preparation 

Excavate topsoil & 
load Excavator Komatsu (5) Depth of material removed 1.50 m 1.00 m 2.00 m 

 Transport and dump Dump truck MT 36 Moxy (6) Transport distance 100.00 m   
Sand and 
Gravel 
Removal 

Sand & gravel 
excavation & loading Excavator Komatsu Depth of material removed 2.50 m 2.00 m 3.00 m 

 

Sand & gravel 
transport for 
processing Dump truck MT 36 Moxy Transport distance 200.00 m   

Aggregate 
Removal Drill blast holes Driller Ingersol-Rand Depth of drill holes 23.00 m   

 Charge holes & blast 
Explosives, 
detonators Ammogex & Kemegel (7) Number of holes 50.00 holes   

    Explosives 4.00 tonnes   

    Quantity of rock blasted 
30,000.00 
tonnes   

    Maximum aggregate size  2,000 mm   
Primary 
Aggregate 
Processing 

Break rock, pick up & 
load 

Digger + rock 
breaker O & K RH30 Mass material processed per day 

500,000.00 
kg/hr   

    Average Production Volume 314.47 m^3/hr   

    Fuel consumption 81.50 litres/hr 80.00 litres/hr 83.00 litres/hr 

 Primary crushing Cone crushers Norberg LT125 Mass material processed per day 500,000kg/hr   

    Maximum aggregate size  152 mm   

    Average Production Volume 314.47 m^3/hr   

    Fuel consumption 41.00 litres/hr   



  
   

  
  

   
Norberg G1500 
Locotrack Mass material processed per day 500,000 kg/hr   

    Maximum aggregate size  76 mm   

    Average Production Volume 314.47 m^3/hr   

    Fuel consumption 55.50 litres/hr 55.00 litres/hr 56.00 litres/hr 

 Primary screening Screeners 
Powerscreen Chiefian 
1400 Mass material processed per day 

500,000.00 
kg/hr   

    Average Production Volume 314.47 m^3/hr   

    Fuel consumption 16.00 litres/hr   
Secondary 
Aggregate 
Processing 

Loading and transport 
to secondary 
production site Wheel Loader CAT 980G     

   CAT 966G 
Mass material processed between both per 
day 

500,000.00 
kg/hr   

    Average Production Volume 314.47 m^3/hr   

    Fuel consumption 18.88 litres/hr 15.25 litres/hr 22.50 litres/hr 

 Secondary Crushing Cone Crusher HP500 Nordberg  Mass material processed per day 300,000kg/hr   

  
Driven by 
Generator CAT 3412 Average Production Volume 188.68 m^3/hr   

    Fuel consumption 60.00 litres/hr   

 Secondary Screening Screener Kleemann Kleiner Mass material processed per day 300,000kg/hr   

    Average Production Volume 188.68 m^3/hr   

    Fuel consumption 20.00 litres/hr   

  Screener 
Powerscreen Chiefian 
1400 Mass material processed per day 

300,000.00 
kg/hr   

    Average Production Volume 188.68 m^3/hr   

    Fuel consumption 16.00 litres/hr   
Aggregate 
Storage Stockpiling transport Wheel Loader CAT 980G     

   CAT 966G Mass material processed by both per day 300,000kg/hr   

    Average Production Volume 188.68 m^3/hr   

    Fuel consumption 18.88 litres/hr 15.25 litres/hr  22.50 litres/hr 
Transport 
to Main 
Production 
Site 

Transport to asphalt 
plant 

Dump 
truck/conveyor MT 36 Moxy Transport Distance 300m   



  
   

  
  

 
 

Process Product Description 

Fuel Consumption by 
Volume Produced 

(litres/m3) 

Added energy by 
volume produced 

(MJ/m3) Mean Quantity Min. Max. 

Fuel Consumption 
by Mass Produced 

(litres/tonne) 

Added energy by 
volume produced 

(MJ/tonne) 
Quarry Preparation 

     1.00 m 2.00 m   
Sand and Gravel 
Removal      2.00 m 3.00 m  

 

Aggregate Removal          
Primary Aggregate 
Processing O & K RH30 Mass material processed per day   500.00 tonnes/hr    

 

 
 Fuel Consumption 0.259170 9.096867 81.50 litres/hr 

80.00 
litres/hr 

83.00 
litres/hr 0.16300 

5.721300 

 Norberg LT125 Mass material processed per day   500.00 tonnes/hr     
  Fuel Consumption 0.130380 4.576338 41.00 litres/hr   0.08200 2.878200 
 Norberg G1500 

Locotrack Mass material processed per day   500.00 tonnes/hr    
 

 
 Fuel Consumption 0.176490 6.194799 55.50 litres/hr 

55.00 
litres/hr 

56.00 
litres/hr 0.11100 

3.896100 

 Powerscreen 
Chiefian 1400 Mass material processed per day   500.00 tonnes/hr    

 

  Fuel Consumption 0.050880 1.785888 16.00 litres/hr   0.03200 1.123200 
Secondary Aggregate 
Processing         

 

 CAT 980G & CAT 
966G Mass material processed per day   500.00 tonnes/hr    

 

 
 Fuel Consumption 0.060023 2.106790 18.88 litres/hr 

15.25 
litres/hr 

22.50 
litres/hr 0.03775 

1.325025 

 HP500 Nordberg Mass material processed per day   300.00 tonnes/hr     
 CAT 3412 Fuel Consumption 0.318000 11.161800 60.00 litres/hr   0.20000 7.020000 
 Kleeman Kleiner Mass material processed per day   300.00 tonnes/hr     
  Fuel Consumption 0.106000 3.720600 20.00 litres/hr   0.06667 2.340000 
 Powerscreen 

Chiefian 1400 Mass material processed per day   300.00 tonnes/hr    
 

  Fuel Consumption 0.084800 2.976480 16.00 litres/hr   0.05333 1.872000 
Aggregate Storage 

        
 

 CAT 980G & CAT 
966G Mass material processed per day   300.00 tonnes/hr    

 

 
 Fuel Consumption 0.100038 3.511316 18.88 litres/hr 

15.25 
litres/hr 

22.50 
litres/hr 0.06292 

2.208375 

Total 
  1.185743 litres/m^3 

45.130878 
MJ/M^3     0.81 litres/tonne 

 
28.38 MJ/tonne 



  
   

 

 
 
General Data 
    

Material Property Value Value 2 
    

Diesel Gas Oil Density (8) 0.82 kg/litre  

 Lower heating value (3) 35.10 MJ/litre  
    
Light Bunker 
Fuel Density (8) 0.93 kg/litre  

 Lower heating value (2) 40.50 MJ/kg  
 Lower heating value 37.67 MJ/litre  
    

Bitumen Density (9) 
1,000.00 

kg/m^3  

 Lower heating value (2) 39.50 MJ/kg  
    

Limestone  
Loose volume density 
(3) 

1,590.00 
kg/m^3 

1.59 
tonnes/m^3 

 
Fixed volume density 
(3) 

2,640.00 
kg/m^3 

2.64 
tonnes/m^3 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  
   

 

MOTOR - FUEL CONSUMPTION: 
 
Material Caterpillar 

Engines 
Consumption [l/h] 

according to usage : 
Low to high 

 

Average 
Consumption 

[l/h] 

forest tractor 10.5 to 38 24 
Excavator 7.6 to 11.4 10 
Loader 17 to 38 27 
Bulldozer D7 17 to39 28 
Agri tractor 21 to 37 29 
Dumper 20 to 68 44 
Trucks 6 wheels 11.5 to 33 22 
Compactor V2 11 to 19 15 
Compactor V4 15 to 23 19 
Compactor V5 15 to 22.5 19 
Compactor P5 15 to 23 19 
Scraper 40 to 78 59 
Articulated truck 10 to 30 20 
Leveler 12 to 28 20 
Finsher 22 to 38 30 
Grader / Vib roller 60.5 to 94.5 77 
Mechanical shovel 20t 23 to 27 25 
Mechanical shovel 30t 36 to 42  39 
Mechanical shovel 45t 42 to 50 46 
 
Standard for Eurovia 
Leveler 12G 22 l/h 
Compactor 20 l/h 
Compactor P5 22 l/h 
Compactor P3 15 l/h 
Trailer truck 45 l on 100 km 
Paver 35 l on 100 km 
Truck 6 wheels 35 l on 100 km 
Finisher 27 l/h 
Agri tractor 10 l/h 
Excavator 9 l/h 
(to put down concrete kerbs) 5 l/h 
Bulldozer D6 34 l/h 
Chenille Loader 25 l/h 
Shovel 15t 15 l/h 
Chenille shovel 27t 25 l/h 
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WORKSHEETS 

1. ‘Plant’ Worksheet 

1.1 Column A: Plant Description 
Basic list of road construction equipment, including information on general 
specifications, constructors brand, engine size, machine size & weight, and 
trailers. 

1.2 Column B: Caterpillar Equivalent 
Caterpillar machinery was chosen as the standard for road construction 
equipment. List of Caterpillar equipment, whose functions are equivalent to the 
functions of the machinery listed in the ‘Plant Description’ list of road construction 
equipment.   

1.3 Column C: Fuel Consumption (Litre/hour) 
Using data supplied by Caterpillar, the fuel consumption per hour (litre/hour) for 
each piece of Caterpillar equipment used in the construction of a road is given. 
 

Sample of ‘Plant Worksheet’: 

 
Plant Description Plant Description Fuel Consumption  

  Caterpillar Equivalent (Litre/hour) 
Crane 50t  CAT 583R 18.25 
Drilling Rig Ingersoll-Rand 900 driller  90 
Excavator 24t  CAT 322C L 21.5 
Excavator 36t  CAT 330C L 31 
Excavator 46t CAT 345B L-VG Series II 40 
Extruded-concrete lorry  CAT 730 19.5 
Generator CAT 3412 60 
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2. ‘Plant Total’ Worksheet 
 

2.1 Column A: Plant Description 
For the project, each ‘item’ of road building is assigned a list of required 

equipment. This list is a complete list of the combined total equipment required. 

2.2 Column B: Fuel Consumption 
This column shows the addition of the fuel consumption (litres/hour), for the 
combined total equipment. 
 

Sample of ‘Plant Total’ Worksheet: 
 

Plant Description Fuel Consumption  
  (Litre/hour) 

50t Crane, 36t Excavator,  49.25 
24t exc. + 1 Truck 41 
24t exc.,2 x A25 91.8 
24t exc., A25, 4 x petrol saws 64.65 
36t Exc, 2 Trucks, 1 Planing Machine 121 
46t Exc, 24t Exc, Drilling Rig, Blasting Rig, 350cfm compressor, 
1 Truck 171 
46t Exc, Komatsu D9 or similar, 1 Truck 90.5 
46t Exc, 1 Truck 50.5 
3 A40s 190.2 
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3. ‘General Data’ Worksheet 
 
The ‘General Data’ Worksheet contains a list of literature used in calculations. 
This list is referred to throughout the ‘NUID Energy Usage Spreadsheet’ as 
necessary. 
 
This worksheet also contains data on ‘Materials’ and ‘Emissions’. This data is 
used in calculations in other worksheets. There is also information on 
‘Conversion Factors’ used in the ‘NUID Energy Usage Spreadsheet’. 
 
Sample data from ‘General’ Worksheet: 
 

 
 
 
 
  

Material Property Value 
   
Diesel Gas Oil (a) Density  0.82 kg/litre 
 Lower heating value (LHV) 35.10 MJ/litre 
Conversion factors   

Mtoe 
Million tonnes of oil equivalent, unit for 
measuring energy  

1 TJ (b) 
One Terajoule, thousand billion joules, 
unit for measuring energy 2.388*10^-5 Mtoe 

   
Emissions   
   
Carbon Dioxide Emissions 
from Diesel (c) & (d) 

 
Tonnes of CO2 per tonne of diesel oil 3.1 
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4. Route File 
 
There is a ‘Route’ file for each countries route options.  

4.1 Column A: Sector 
This column lists the six ‘sectors’ of activity in road building: ‘Drainage’, 
‘Services’, ‘Earthworks’, ‘Pavement’, ‘Road Markings & Traffic Signs’, and 
‘Structures’. Each ‘sector’ comprises of a number of ‘items’ of activity. 

4.2 Column B: Number 
This column shows the number tag of the ‘item’. 

4.3 Column C: Item and Description 
This column lists each item in each sector and gives a description of each ‘item’. 

4.4 Column D: Units 
This column shows the metric units attached to each ‘item’ i.e. the units the ‘item’ 
is measured in. Examples: metres cubed, kilometres. The ‘unit’ is the smallest 
quantity of the ‘item’. 

4.5 Column E: Quantity 
**INPUT**:  
This column gives the quantity of each ‘unit’ required to complete and ‘item’ of 
activity. The quantity of each unit must be inputted. 

4.6 Column F: Plant Description 
This column gives the list of machinery required to complete each ‘item’ of 
activity.  

4.7 Column G: Fuel Consumption per Hour (Litres/Hrs) 
This column gives the Fuel Consumption per Hour of the machinery required to 
complete each ‘item’ of activity. The figures come from the ‘Plant Total’ or ‘Plant’ 
Spreadsheet. 

4.8 Column H: Output per Hour 
This column gives the Output per Hour for the machinery required to complete 
each ‘item’ of activity. The output is given in ‘unit’ measurements. The number of 
units has been pre-defined by the road design engineers working on the IERD 
SAVE Project. 

4.9 Column I: Fuel Consumption per Unit (litres/unit) 
The ‘Fuel Consumption per Hour’ is divided by the ‘Output per Hour’ to give the 
‘Fuel Consumption per Unit’. 
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4.10 Column J: Energy per Unit 
The ‘Energy per Unit’ is calculated by multiplying the ‘Fuel Consumption per Unit’ 
by the ‘Total Energy Per Litre of Diesel 38.61 MJ/litre’ (includes a precombustion 
value of 10%). 

4.11 Column K: Total Energy (MJ/Item) 
The ‘Total Energy (MJ/Item)’ is the total energy required to complete each ‘item’. 
It is calculated by multiplying the ‘Energy per Unit’ by the ‘Quantity’ of each ‘unit’ 
required to complete an ‘item’ of activity. 

4.12 Column L: Total Energy per Sector (TJ/Sector) 
The ‘Total Energy per Sector’ (TJ/Sector) is the summation of the individual 
‘Total Energy (MJ/Item)’ Per ‘Item’ required to complete each ‘sector’. 
 
Sample data from ‘Route File’ Worksheet: 
 
 

Sector No. Item & Description Units Quantity Plant Description 

02 Culverts incl headwalls m 300 50t Crane, 36t Excavator,  

03 Retraining watercourses m3 0 24t exc. + 1 Truck 

04 Ditches incl outfall m 9200 24t exc. + 1 Truck 

Drainage 

05 Piped Drains incl manholes m 10300 24t exc. + 1 Truck 

Services 07 Install ducting for Utilities m 42100 24t exc. + 1 Truck 
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5. ‘Placement Energy per Sector’ Worksheet 
 
The ‘Placement Energy per Sector’ Worksheet contains a summary of the 
important outputs of the ‘Route’ Worksheets. It shows the ‘Total Energy per 
Sector’ (TJ/Sector) for each ‘Sector’, for each countries route option within the 
IERD SAVE Project. The ‘Total Placement Energy per Route’ (TJ/Route) is 
calculated by summing the ‘Total Energy per Sector’ for each ‘Sector’, for each 
route option. 
 
 
Sample data from ‘Placement Energy per Sector’ Worksheet: 
 
 

Sector Total Energy Per Sector 
(TJ/Sector) 

Total Energy Per Sector 
(TJ/Sector) 

  Czech Republic 1 Czech Republic 2 
Drainage 3.47 1.67 
Services 0.74 0.74 
Earthworks 224.49 116.32 
Pavement 38.32 16.77 
Road Markings Traffic Signs 2.00 0.29 
Structures 238.11 60.89 
Total Placement Energy Per 
Route  (TJ/Route) 507.13 196.68 
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6. ‘Placement Energy per Route Option’ Worksheet 
 
The ‘Placement Energy per Route Option’ Worksheet contains a summary of the 
‘Total Placement Energy per Route’ (TJ/Route) for each route, in each country 
and is taken directly from the ‘Placement Energy per Sector’ Worksheet.  

 
 
Sample data from ‘Placement Energy per Route Option’ Worksheet: 
 
 

Road & Route Option 
Total Placement Energy Per 

Route  (TJ/Route) 
Czech Republic 1 507.13 
Czech Republic 2 196.68 
Ireland 01 64.86 
Ireland 02 66.10 
Ireland 03 65.00 
Ireland 04 60.65 
Ireland 05 64.16 
Sweden 123.16 
France Est 70.21 
France Grand Est 76.97 
France Ouest 66.68 
France Grand Ouest 77.41 
Portugal 1 418.30 
Portugal2 424.09 
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7. ‘Total Placement Energy per km’ Worksheet  
 

7.1 Column A: Road and Route Option 
This column lists the road and route options. 

7.2 Column B: Total Placement Energy per Route (TJ/Route) 
This column shows the ‘Total Placement Energy per Route’ (TJ/Route) taken 
directly from the ‘Placement Energy per Route Option’ Worksheet. 

7.3 Column C: Total Route Length (km) 
**INPUT**: 
The ‘Total Route Length’ (km) of each route in kilometres should be entered into 
this column. 

7.4 Column D: Total Placement Energy per Kilometre (TJ/km) 
 
This column is calculated by multiplying the ‘Total Placement Energy per Route’ 
by the ‘Total Route Length’ (km). 
 
Sample data from ‘Total Placement Energy Per km’ Worksheet: 
 

Road & Route 
Option 

Total Placement 
Energy Per Route 

(TJ/Route) 
Total Route 
Length (km) 

Total Placement 
Energy Per 

Kilometre (TJ/km) 
Czech Republic 1 507.13 16.73 30.32 
Czech Republic 2 196.68 9.50 20.70 
Ireland 01 64.86 12.57 5.16 
Ireland 02 66.10 12.37 5.34 
Ireland 03 65.00 11.43 5.69 
Ireland 04 60.65 11.45 5.30 
Ireland 05 64.16 13.13 4.89 
Sweden 123.16 5.70 21.61 
France Est 70.21 13.45 5.22 
France Grand Est 76.97 16.60 4.64 
France Ouest 66.68 12.53 5.32 
France Grand Ouest 77.41 12.79 6.05 
Portugal 1 418.30 15.60 26.81 
Portugal2 424.09 15.90 26.67 
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8. ‘Total Materials Energy per km’ Worksheet 

8.1 Column A: ‘Road and Route Option’ 
This column lists the road and route options. 

8.2 Column B: ‘Quantity of Aggregates (tonne/km)’ 
**INPUT**:  
The ‘Quantity of Aggregates (tonne/km)’ in tonnes required to construct a 
kilometre of the road must be inputted. 

8.3 Column C: ‘Quantity of Bitumen (tonne/km)’ 
**INPUT**:  
The ‘Quantity of Bitumen (tonne/km)’ in tonnes required to construct a kilometre 
of the road must be inputted. 

8.4 Column D: ‘Energy Aggregate (TJ/km)’ 
This column shows the embodied energy (TJ) for aggregates required to 
construct a kilometre of road. The embodied energy figure of 28.38 MJ/tonne of 
aggregates produced comes from an analysis of aggregate production by Paula 
Moore NUID. 

8.5 Column E: ‘Energy Bitumen (TJ/km)’ 
This column shows the embodied energy (TJ) for bitumen required to construct a 
kilometre of road. The embodied energy figure of 4883 MJ/tonne of bitumen 
produced comes from an analysis of bitumen production by Shell. 

8.6 Column F: ‘Total Material Energy per km (TJ/km)’ 
This column gives the ‘Total Material Energy Per km (TJ/km)’ for each route 
option and is the summation of the ‘Energy Aggregates’ and ‘Energy Bitumen’ 
columns. 
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Sample data from ‘Total Materials Energy Per km’ Worksheet: 

Road & Route 
Option 

Quantity of 
Aggregate 
(tonne/km) 

Quantity of 
Bitumen 

(tonne/km) 

Energy 
Aggregate 

(TJ/km) 

Energy 
Bitumen 
(TJ/km) 

Total 
Material 

Energy Per 
km (TJ/km) 

Czech Republic 1 14150 550 0.40 2.69 3.09 
Czech Republic 2 14150 550 0.40 2.69 3.09 
Ireland 01 9518 451 0.27 2.20 2.47 
Ireland 02 9511 451 0.27 2.20 2.47 
Ireland 03 9549 453 0.27 2.21 2.48 
Ireland 04 9552 453 0.27 2.21 2.48 
Ireland 05 8392 398 0.24 1.94 2.18 
Sweden 3005 180 0.09 0.88 0.96 
France Est 6300 307 0.18 1.50 1.68 
France Grand Est 6300 307 0.18 1.50 1.68 
France Ouest 6300 307 0.18 1.50 1.68 
France Grand Ouest 6300 307 0.18 1.50 1.68 
Portugal 1 13300 580 0.38 2.83 3.21 
Portugal2 13300 580 0.38 2.83 3.21 
      
Total Added Energy Per Unit for Aggregates28.38 MJ/tonne  

Total Added Energy Per Unit Per Bitumen 4883 MJ/tonne  
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9. ‘Total Road Construction Energy’ Worksheet 

9.1 Column A: ‘Road and Route Option’ 
This column lists the road and route options. 

9.2 Column B: ‘Road Type’ 
Labelling of the road as Motorway, National Road or Dual carriageway. 

9.3 Column C: ‘Total Placement Energy per km’ 
This column comes directly from the 'Total Placement Energy Per km' 
Worksheet. 

9.4 Column D: ‘Total Materials Energy per km’ 
This column comes directly from the 'Total Materials Energy Per km' Worksheet. 

9.5 Column E: ‘Total Road Construction Energy (TJ/km)’ 
This column shows the ‘Total Road Construction Energy’ (TJ/km) for each route 
option. It is the summation of the 'Total Placement Energy Per km' and the 'Total 
Materials Energy Per km' for each route option. 
 
Sample data from ‘Total Road Construction Energy’ Worksheet: 
 
Road 

& 
Route 
Option Road Type 

Total Placement 
Energy Per 
Kilometre 
(TJ/km) 

Total Material Energy 
Per km (TJ/km) 

Total Road 
Construction 

Energy (TJ/km) 
Czech 
Republic 
1 Motorway 30.32 3.09 33.41 
Czech 
Republic 
2 Motorway 20.70 3.09 23.79 
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10. ‘Economic Cost of Diesel Used’ Worksheet 
  

10.1 Column A: ‘Road and Route Option’ 
This column lists the road and route options. 

10.2 Column B: ‘Million Litres of Diesel Oil Equivalent per Kilometre’ 
This column converts the ‘Total Road Construction Energy’ (TJ/km) for each 
route option into the ‘Million Litres of Diesel Oil Equivalent Per Kilometre’ by 
dividing the ‘Total Road Construction Energy’ by the Lower heating value (LHV) 
per litre of Diesel (35.1 MJ/litre). 

10.3 Column C: ‘Price per litre Diesel (Euro)’  
**INPUT**:  
The current Price per litre of Diesel should be entered in this column. 

10.4 Column D: ‘Total Route Length (km)’ 
**INPUT**: 
The ‘Total Route Length’ (km) of each route in kilometres should be entered into 
this column. 

10.5 Column E: ‘Economic Cost of Diesel Used Per Kilometre 
(Euro/km)’ 
This column gives the ‘Economic Cost of Diesel Used per Kilometre (Euro/km)’ 
and is calculated by multiplying the ‘Million Litres of Diesel Oil Equivalent per 
Kilometre’ per route by the ‘Price per litre Diesel (Euro)’. 

10.6 Column F: ‘Total Economic Cost of Diesel Used (Euro)’ 
This column gives the ‘Total Economic Cost of Diesel Used (Euro)’ and is 
calculated by multiplying the ‘Economic Cost of Diesel Used per Kilometre 
(Euro/km)’ by the ‘Total Route Length’ (km) of each route. 

10.7 Column G: ‘Total Project Budget (Euro)’ 
**INPUT**: 
The ‘Total Project Budget (Euro)’ of each route in Euro should be entered into 
this column. 

10.8 Column H: Cost of Diesel as Proportion of Total Costs (%) 
This column gives the ‘Cost of Diesel as Proportion of Total Costs (%)’ and is 
calculated by dividing the ‘Total Economic Cost of Diesel Used (Euro)’ by the 
‘Total Project Budget (Euro)’ of each route and multiplying by 100 to get the 
calculation as a percentage. 
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Sample data from ‘Economic Cost of Diesel Used’ Worksheet: 
 

Road & 
Route 
Option 

Million Litres of 
Diesel Oil Equivalent 

Per Kilometre  

Price per litre 
Diesel (Euro) 

IRE 20/01/2005 
Total Route 
Length (km) 

Economic Cost of 
Diesel Used Per 

Kilometre (Euro/km) 
Czech 
Republic 1 0.952 0.54 16.73 513,984 
Czech 
Republic 2 0.678 0.54 16.00 366,005 
Ireland 01 0.217 0.54 12.57 117,425 
Ireland 02 0.223 0.54 12.37 120,242 
Ireland 03 0.233 0.54 11.43 125,694 
Ireland 04 0.222 0.54 11.45 119,698 
Ireland 05 0.201 0.54 13.13 108,743 
Sweden 0.643 0.54 5.70 347,255 
France Est 0.197 0.54 13.45 106,122 
France Grand 
Est 0.180 0.54 16.60 97,145 
France Ouest 0.199 0.54 12.53 107,687 
France Grand 
Ouest 0.220 0.54 12.79 118,931 
Portugal 1 0.855 0.54 15.60 461,905 
Portugal2 0.851 0.54 15.90 459,721 
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11. ‘Carbon Dioxide from Diesel Used’ Worksheet 
  
11.1 Column A: ‘Road and Route Option’ 
This column lists the road and route options. 

11.2 Column B: ‘Million Tonnes of Diesel Oil Equivalent Per Kilometre 
(Mtoe/km) 
This column converts the ‘Total Road Construction Energy’ (TJ/km) for each 
route option into the ‘Million Tonnes of Diesel Oil Equivalent Per Kilometre’ by 
multiplying the ‘Total Road Construction Energy’ by the conversion factor turning 
TJ into Mtoe (1TJ= 0.00002388 Mtoe). 

11.3 Column C: ‘Carbon Dioxide Emissions (tonnes/km)’  
There are 3.1 tonnes of carbon dioxide produced per tonne of diesel oil used 
(IEA (1998), CO2 Emissions from Fuel Combustion 1971-1996, Paris, p. I.19.).  
Therefore the ‘Carbon Dioxide Emissions (tonnes/km)’ per route option can be 
calculated by multiplying the ‘Million Tonnes of Diesel Oil Equivalent per 
Kilometre’ by 3.1. 

11.4 Column D: ‘Total Route Length (km)’ 
**INPUT**: 
The ‘Total Route Length’ (km) of each route in kilometres should be entered into 
this column. 

11.5 Column E: ‘Tonne Carbon Dioxide Emissions Per Route (tonnes)’ 
This column gives the ‘Tonne Carbon Dioxide Emissions per Route (tonnes)’ and 
is calculated by multiplying the ‘Carbon Dioxide Emissions (tonnes/km)’ per route 
option by the ‘Total Route Length’ (km). 
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Sample data from ‘Carbon Dioxide from Diesel Used’ Worksheet: 
 

Road & 
Route 
Option 

Million Tonnes of Diesel 
Oil Equivalent Per 

Kilometre (Mtoe/km) 

Carbon Dioxide 
Emissions 

(tonnes/km) 
Total Route 
Length (km) 

Tonne Carbon 
Dioxide Emissions 
Per Route (tonnes) 

Czech 
Republic 1 0.0007978 2473 16.73 41364 
Czech 
Republic 2 0.0005681 1761 16.00 28178 
Ireland 01 0.0001823 565 12.57 7102 
Ireland 02 0.0001866 579 12.37 7157 
Ireland 03 0.0001951 605 11.43 6913 
Ireland 04 0.0001858 576 11.45 6595 
Ireland 05 0.0001688 523 13.13 6870 
Sweden 0.0005390 1671 5.70 9524 
France Est 0.0001647 511 13.45 6868 
France 
Grand Est 0.0001508 467 16.60 7760 
France 
Ouest 0.0001672 518 12.53 6493 
France 
Grand 
Ouest 0.0001846 572 12.79 7319 
Portugal 1 0.0007170 2223 15.60 34673 
Portugal2 0.0007136 2212 15.90 35172 
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12. ‘Vehicles’ Worksheet 
  
12.1 Column A: ‘Road and Route Option’ 
This column lists the road and route options. 

12.2 Column B: ‘Road Type’ 
Labelling of the road as Motorway, National Road or Dual carriageway. 

10.3 Column C: ‘Total Vehicle Energy for Road Project over 20 Years 
(TJ)’  
**INPUT**:  
The ‘Total Vehicle Energy for Road Project over 20 Years (TJ)’ calculated using 
VETO must be inputted in here. 

10.4 Column D: ‘Total Route Length (km)’ 
**INPUT**: 
The ‘Total Route Length’ (km) of each route in kilometres should be entered into 
this column. 

10.5 Column E: ‘Total Vehicle Energy per Kilometre for 20 Years 
TJ/km’ 
This column gives the ‘Total Vehicle Energy per Kilometre for 20 Years TJ/km’ 
for each route and is calculated by dividing the ‘Total Vehicle Energy for Road 
Project over 20 Years (TJ)’ by the ‘Total Route Length’ (km) for each route. 
 
Sample data from ‘Vehicles’ Worksheet: 
 

Road & Route Option 

Total Vehicle 
Energy for Road 

Project 2010-2029 
TJ 

Total Vehicle Energy 
Per Kilometre 2010-

2029 TJ/km 
Czech Republic 1 6111 365 
Czech Republic 2 8251 516 
Ireland 01 1568 125 
Ireland 02 1683 136 
Ireland 03 1533 134 
Ireland 04 1626 142 
Ireland 05 2299 175 
Sweden bridge 1087 191 
Sweden tunnel 1074 188 
France Est 932 69 
France Grand Est 1098 66 
France Ouest 1421 113 
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France Grand Ouest 1391 109 
Portugal 1 12801 821 
Portugal2 11287 710 



JouleSAVE Help File  
   

 

DEFINITIONS AND REFERENCES 
 
Definitions 
 
Item 
An ‘item’ is an individual activity or process of road building. 
 
Unit 
The ‘unit’ is the smallest quantity of the ‘item’ e.g.1 metre, 1 kilometre. 
 
Sector 
A ‘sector’ is made up of a number of ‘items’ of road building. For this project, 
there are six ‘sectors’ of activity in road building: ‘Drainage’, ‘Services’, 
‘Earthworks’, ‘Pavement’, ‘Road Markings & Traffic Signs’, and ‘Structures’. Each 
‘sector’ comprises of a number of ‘items’ of activity. 
 
 
References 
 
Hakan Stripple-Life Cycle Assessment of Road-A Pilot Study for Inventory 
Analysis. IVL Swedish Environmental Research Institute, 1995. 
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1.  Introduction 
 
In the frame of the ongoing project Integration of the Measurement of Energy Usage 
into Road Design (IERD), the attention is being paid both the reduction of the energy 
used in the construction of roads and the energy consumed by vehicles using the 
roads.  
 
Due to time constraints, it was proposed that a pre-existing software package for 
modelling traffic operation on a road should be selected. The following three 
programmes were evaluated in detail from the point of view of their application in the 
IERD project: the HDM programme (Highway Development and Management 
system), the CMEM programme (Comprehensive Modal Emissions Model) and the 
VETO programme. In the evaluations the attention was paid especially on how these 
softwares meet the necessary requirements i.e. to model the energy used by 
vehicles considering all essential aspects, have open interface and be compatible 
with relevant software systems. Based on the evaluations, it was decided to use the 
VETO programme to model traffic operation on a road. The partners in the IERD 
project provided necessary details on route options of the five assessed roads in 
particular countries, the evaluation of the energy used by the vehicles was carried out 
by VTI.  
 
In this submitted report, simulation of the effect of selected parameters of the Czech 
road R43 on energy efficient driving by applying the VETO programme is presented. 
The final aim is to contribute to the design of the route which will both incorporate 
energy efficiency in road construction and will facilitate energy efficient driving. 

2. Description of the evaluated road 
 
The proposed Czech Expressway R43 has a total length of 70 km and will be part of 
the European road E461 Svitavy – Brno – Wien and at the same time will join 
Expressway R35 and Motorway D1 between Czech town Moravska Trebova and 
Brno. The R43 is the four-lane dual carriageway expressway, its category width is 
24.5 m.  
 
In the frame of the IERD project, two route options of the segment of the Expressway 
R43 between Troubsko and Kurim (about 20 km long) in the vicinity of Brno are being 
evaluated from the point of view of energy aspects. 
 
The following options, from the amount of potential ones, have been selected for the 
purpose of the IERD project: 
- Variant (option) CZ-V1 (D) – its length is 16.725 km, 
- Variant (option) CZ-V2 (F) - its length is 16.000 km. 
 
Energy aspects are very important and they should be respected in the selection 
process together with the technical solution, financial demands, traffic engineering 
impacts, etc. 
The following maps are enclosed: 
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- Location of the evaluated Expressway R43 in the road and motorway network in 
the Czech Republic (see Figure 1), 

- Location of route variants (options) CZ-V1 (D) and CZ-V2 (F) of the evaluated 
Expressway R43 (see Figures 2, 3, 4, 5). 

 
These maps provide further clarification concerning the location of Expressway R43 
and the above mentioned route options (dashed lines) and also concerning basic 
traffic data (in boxes) in particular years. 
 
More detailed information on traffic data in particular years is available in Tables 1, 2, 
3, 4. 
 
In Figure 6 the future situation regarding one of the most important sections of the 
route option CZ-V2 (F) is presented. In this case it is supposed to build the tunnel 
through the Holedna Hill and to overbridge the Svratka River between the town 
districts Bystrc and Komin. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1:  Location of the evaluated Expressway R43 in the road and motorway 
network in the Czech Republic 

          Selected  
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Figure 2:  Road R43 – Variant CZ-V1 (D), Year 2010 
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Figure 3:  Road R43 – Variant CZ-V2 (F), Year 2010 
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Table 1:  Traffic data of R43 – Variant CZ–V1 (D), Year 2010 
Traffic volumes [thousands/24h] 

2010 
Coordinate [km] 

Car Truck Truck with 
trailer Total 

4.000 - 4.720  17.53 1.138 0.432 19.1 

4.720 - 6.41332 20.23 1.239 0.431 21.9 

6.41332 - 7.90865 17.24 1.137 0.423 18.8 

7.90865 - 15.13080 16.39 0.871 0.439 17.7 

15.13080 - 16.9085 10.04 0.553 0.407 11.0 

16.9085 - 20.725 9.42 0.585 0.295 10.3 

 
 
 
 
 

Table 2:  Traffic data of R43 – Variant CZ–V2 (F), Year 2010 
Traffic volumes [thousands/24h] 

2010 
Coordinate [km] 

Car Truck Truck with 
trailer Total 

4.000 - 4.720 21.32 1.230 0.450 23.0 

4.720 - 8.49358 18.21 1.149 0.441 19.8 

8.49358 - 12.750 15.321 0.917 0.462 16.7 

12.750  - 13.500 11.24 0.838 0.422 12.5 

13.500 - 16.400 35.58 1.688 0.832 38.1 

16.400 - 19.350 20.64 1.104 0.556 22.3 

19.350 - 20.000 21.81 1.256 0.634 23.7 
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Figure 4:  Road R43 – Variant CZ-V1 (D), Year 2030 
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Figure 5:  Road R43 – Variant CZ-V2 (F), Year 2030 



Transport Research Centre (CDV)                  Integration of the Measurement of Energy Usage into Road Design 
 

 

     

 
Table 3:  Traffic data of R43 – Variant CZ–V1 (D), Year 2030 

Traffic volumes [thousands/24h] 

2030 
Coordinate [km] 

Car Truck Truck with 
trailer Total 

4.000 - 4.720  26.245 1.707 0.648 28.6 

4.720 - 6.41332 30.296 1.858 0.646 32.8 

6.41332 - 7.90865 25.861 1.705 0.634 28.2 

7.90865 - 15.13080 24.536 1.306 0.658 26.5 

15.13080 - 16.9085 15.061 0.829 0.610 16.5 

16.9085 - 20.725 14.081 0.877 0.442 15.4 

 
 
 
 
 

Table 4:  Traffic data of R43 – Variant CZ–V2 (F), Year 2030 
Traffic volumes [thousands/24h] 

2030 
Coordinate [km] 

Car Truck Truck with 
trailer Total 

4.000 - 4.720 31.98 1.845 0.675 34.5 

4.720 - 8.49358 27.316 1.723 0.661 29.7 

8.49358 - 12.750 22.932 1.375 0.693 25.0 

12.750  - 13.500 16.81 1.257 0.633 18.7 

13.500 - 16.400 53.32 2.532 1.248 57.1 

16.400 - 19.350 30.91 1.656 0.834 33.4 

19.350 - 20.000 32.665 1.884 0.951 35.5 
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Figure 6:  Look at the Svratka River Valley between Bystrc and Komin, Variant CZ-

V2(F) 
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3. Possibilities to affect energy efficient driving through road 
design 
 
The possibilities how to affect energy efficient driving through road design were 
analyzed in the report [6]. These possibilities are based on the following knowledge: 
- energy use increase with increasing speed, mainly due to air resistance but also 

to some extent rolling resistance, 
- energy use increase due to energy loss when braking, 
- energy use increase when the driver uses a lower gear at the same speed, 
- energy use increase when idling during stop time, 
- energy use increase when the side force increases, 
- energy use increase with increasing macro texture of the road surface (at the 

same speed), 
- energy use increase when  road roughness increase (at the same speed) 
- energy use increase with increasing water depth or snow thickness on the road. 
 
In the next parts of this report, simulation calculations of the effect of selected 
parameters of the Czech road R43 on energy efficient driving were concentrated on: 
- the effect of speeds, 
- the effect of gradients. 
 

4. Input data for veto calculations 
4.1  Vehicle data 
 
In accordance with [6] vehicle data representative for EU average have been used 
for the calculations.  
 
That means the following default VETO input data files were used for three particular 
vehicle categories which were agreed by the partners in the IERD project: 
- car ........................... Car_eun.veh, 
- truck ........................ Truck_eun.veh, 
- truck with trailer ..... Truck_tr_eun.veh. 
 
Concrete values of relevant parameters of the mentioned vehicle types are given in 
[6]. 
 
4.2  Road data 
 
In Chapter 2, two route options of the Czech Expressway R43 were described. The 
option CZ-V1 (D) was chosen for the simulation calculations of the effect of selected 
road parameters on energy efficient driving. 
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Details of geometry for the chosen option including speed limits are presented in 
Table 5. In the Czech Republic there are following speed limits on this type of the 
road (four-lane dual carriageway expressway): 
- car: 130 km/h, 
- truck: 80 km/h, 
- truck with trailer: 80 km/h. 
 
Basic road surface parameters (see the default file standard.rsu) are: 
- Surface type: asphalt concrete,  
- Macro texture: 1.8 mm,  
- Conditions: dry. 
 

Table 5:  Geometry data of R43 – Variant CZ–V1 (D) 

Coordinate Width Speed-limit Gradient 
Horizontal 

radius Specification 
Superele

vation Speed Stop-time 

[km] [m] [km/h] [%] R [m] L [m] [%] [km/h] [sec] 

4.0000 - 4.12198 24.5 130 -4.41  -  TC, L=192.31 2.5 130/80 0 

4.12198 - 4.30948 24.5 130 -4.41  -  TC, L=187.50 2.5 130/80 0 

4.30948 - 5.8850 24.5 130 -4.41 -3000 CC 2.5 130/80 0 

5.8850 -  6.40809 24.5 130 2.23 -3000 CC 2.5 130/80 0 

6.40809 - 6.74142 24.5 130 2.23  -  TC, L=333.33 2.5 130/80 0 

6.74142 - 6.9000 24.5 130 2.23  -  RECT 2.5 130/80 0 

6.9000 - 7.19074 24.5 130 -4.01  -  RECT 2.5 130/80 0 

7.19074 - 7.59074 24.5 130 -4.01  -  TC, L=400.00 2.5 130/80 0 

7.59074 - 7.85553 24.5 130 -4.01 2800 CC 2.5 130/80 0 

7.85553 - 7.9000 24.5 130 -4.01  -  RECT 2.5 130/80 0 

7.9000 - 8.00553 24.5 130 -0.11  -  TC, L=150.00 2.5 130/80 0 

8.00553 - 8.41449 24.5 130 -0.11 4000 CC 2.5 130/80 0 

8.41449 - 8.4400 24.5 130 -0.11  -  TC, L=150.00 2.5 130/80 0 

8.4400 - 8.56449 24.5 130 3.00  -  TC, L=150.00 2.5 130/80 0 

8.56449 - 8.831 24.5 130 3.00 2800 CC 2.5 130/80 0 

8.831 - 9.08904 24.5 130 3.00  -  TC, L=258.04 2.5 130/80 0 

9.08904 - 9.29733 24.5 130 3.00  -  TC, L=208.29 2.5 130/80 0 

9.29733 - 10.04436 24.5 130 3.00 -1400 CC 2.5 130/80 0 

10.04436 - 10.2764 24.5 130 3.00  -  TC, L=232.07 2.5 130/80 0 

10.27643 - 10.60484  24.5 130 3.00  -  TC, L=328.41 2.5 130/80 0 

10.6048 - 10.8200 24.5 130 3.00 2200 CC 2.5 130/80 0 

10.8200 - 11.03968 24.5 130 0,42 2200 CC 2.5 130/80 0 

11.03968 - 11.36809 24.5 130 0.42  -  TC, L=328.41 2.5 130/80 0 

11.36809 - 12.4000 24.5 130 0.42  -  RECT 2.5 130/80 0 

12.4000 - 12.92915 24.5 130 1.48  -  RECT 2.5 130/80 0 

12.92915 - 13.21915 24.5 130 1.48  -  TC, L=290.00 2.5 130/80 0 

13.21915 - 13.5500 24.5 130 1.48 -2000 CC 2.5 130/80 0 

13.5500 - 14.24551 24.5 130 -3.34 -2000 CC 2.5 130/80 0 
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Coordinate Width Speed-limit Gradient 
Horizontal 

radius Specification 
Superele

vation Speed Stop-time 

[km] [m] [km/h] [%] R [m] L [m] [%] [km/h] [sec] 

14.24551 - 14.53551 24.5 130 -3.34  -  TC, L=290.00 2.5 130/80 0 

14.53551 - 14.7500 24.5 130 -3.34  -  RECT 2.5 130/80 0 

14.7500 - 14.98399 24.5 130 -1.88  -  RECT 2.5 130/80 0 

14.98399 - 15.34499 24.5 130 -1.88  -  TC, L=361.00 2.5 130/80 0 

15.34499 - 15.5500 24.5 130 -1.88 2500 CC 2.5 130/80 0 

15.5500 - 16.4400 24.5 130 0.31 2500 CC 2.5 130/80 0 

16.4400 - 16.66838 24.5 130 4.52 2500 CC 2.5 130/80 0 

16.66838 - 16.9234 24.5 130 4.52  -  TC, L=272.25 2.5 130/80 0 

16.9234 - 16.93000 24.5 130 4.52  -  RECT 2.5 130/80 0 

16.9300 - 17.3700 24.5 130 4.52 900 CC 2.5 130/80 0 

17.3700 - 17.83123 24.5 130 -0.89  -  RECT 2.5 130/80 0 

17.83123 - 17.9823 24.5 130 -0.89  -  TC, L=150 2.5 130/80 0 

17.9823 - 18.359049 24.5 130 -0.89  -  RECT 2.5 130/80 0 

18.359049 - 19.300 24.5 130 2.79  -  RECT 2.5 130/80 0 

19.3000 - 20.37484 24.5 130 -1.02  -  RECT 2.5 130/80 0 

20.37484 - 20.51484 24.5 130 -1.02  -  TC, L=140 2.5 130/80 0 

20.51484 - 20.725 24.5 130 -1.02 -750 CC 2.5 130/80 0 

 
4.3  Driving behaviour data 
 
In [6] the list of relevant items concerning driving behaviour is given. The following 
default input data files were used: 
- Czech_car.drs, 
- Czech_truck.drs, 
- Czech_truck_tr.drs. 
 
These files respect desired speeds as a function of road type section (road width) 
and speed limit regarding the evaluated Czech road R43. The so called desired 
speed should be equal to measured average speed on straight horizontal road 
sections. The following average speeds were assumed: 
- car: 110 km/h, 
- truck: 80 km/h, 
- truck with trailer: 80 km/h. 
In the Czech Republic there is the same speed limit for trucks with and without trailer. 
The above mentioned average speed values are realistic on straight horizontal 
sections of this assessed type of road (four-lane dual carriageway expressway). 
 



Transport Research Centre (CDV)                  Integration of the Measurement of Energy Usage into Road Design 
 

 

     

4.4  Weather conditions 
 
Basic parameters (see the default file standard.wea) are: 
- Wind speed: 2.5 m/s, 
- Air temperature: 8 ºC, 
- Air pressure: 1.093 bar, 
- Air moisture: 50%. 
 

5. Calculations 
 
Particular steps of the calculation of the total energy [6]  are as follows: 
- calculate specific energy use (MJ/km) per vehicle type and section, 
- multiply specific energy use by section length, 
- multiply  energy use per vehicle (type) and section with section traffic flow, 
- add total energy use per road section resulting in total energy use per road object 

and day, 
- multiply by 365 to get data on a year level. 
 
Based on the values of specific energy use (MJ/km) per vehicle type and section 
obtained from the VETO programme, the following calculation steps were carried out 
by using the designed Excel spreadsheet. Tables 6, 7, 8, 9 represent examples of 
separated partial tables which were extracted from the complete spreadsheet. 
 
Regarding the relevancy of possible reduction changes, simulation of the effect of 
selected parameters of the Czech road R43 on energy efficient driving was focused 
on: 
- the effect of speeds, 
- the effect of gradients. 

 

6. Results 
 
Results from simulation of the effect of selected parameters of the Czech road R43 
on energy efficient driving by applying the VETO programme (version distributed on 
23rd May 2005) are presented in Figures 7, 8, 9 and Tables 10, 11, 12. 
 
6.1  Effect of speeds 
Calculation steps and results, based on the outputs from the VETO programme, are 
illustrated in the following Tables 6, 7, 8, 9. Tables 6, 7, 8 contain results of the 
energy use for particular vehicle types, Table 9 summarizes the energy use for all 
vehicles.The Excel spreadsheet was split into these four tables inserted in the report 
from the point of view of the clarification. In the case of the chosen speed limit 
90 km/h, the tables present the results of energy use on particular route sections and 
finally the total energy use for road traffic per year and road in 2010. 
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Table 6:  Energy use on R43 – Variant CZ–V1 (D), Year 2010, Car  
Speed limit 90 km/h 

Section Car 

From-to  
[km] 

Length 
[km] 

Traffic volume 
[thousands/24h] 

Specific energy 
use  [MJ/10km] 

Energy use per 
section and day 

[MJ] 

4.00 – 4.72 0.72 17.53 43,30 54651,53 

4.72 – 6.41 1.69 20.23 25,40 86839,30 

6.41 – 7.91 1,50 17.24 22,40 57926,40 

7.91 – 15.13 7.22 16.39 18,10 214187,80 

15.13 – 16.91 1.78 10.04 21,20 37886,84 

16.91 – 20.73 3.82 9.42 19,30 69449,89 

 
Table 7:  Energy use on R43 – Variant CZ–V1 (D), Year 2010, Truck 

 Speed limit 90 km/h 
Section Truck 

From-to 
 [km] 

Length   
[km] 

Traffic volume 
[thousands/24h] 

Specific energy 
use  [MJ/10km] 

Energy use per 
section and day 

[MJ] 

4.00 – 4.72 0.72 1.138  108,00 8849,09 

4.72 – 6.41 1.69 1.239  86,70 18154,20 

6.41 – 7.91 1.50 1.137  94,20 16065,81 

7.91 – 15.13 7.22 0.871  83,30 52384,20 

15.13 – 16.91 1.78 0.553  86,90 8553,91 

16.91 – 20.73 3.82 0.585  89,30 19955,87 

 
Table 8:  Energy use on R43 – Variant CZ–V1 (D), Year 2010, Truck   with   
trailer.     Speed limit 90 km/h 

Section Truck with trailer 

From-to  
[km] 

Length   
[km] 

Traffic volume 
[thousands/24h] 

Specific energy 
use  [MJ/10km] 

Energy use per 
section and day 

[MJ] 

4.00 – 4.72 0.72 0.432 376,50 11710,66 

4.72 – 6.41 1.69 0.431 141,80 10328,57 

6.41 – 7.91 1.50 0.423 133,00 8438,85 

7.91 – 15.13 7.22 0.439 111,50 35340,82 

15.13 – 16.91 1.78 0.407 113,20 8200,89 

16.91 – 20.73 3.82 0.295 115,70 13038,23 

Table 9:  Total energy use on R43 – Variant CZ–V1 (D), Year 2010 
Speed limit 90 km/h 
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Section Energy use for all vehicles 

From-to  
[km] 

Length   
[km] 

Per section and 
day [MJ] 

Per road and day 
[MJ] 

Per road and year 
[GJ] 

4.00 – 4.72 0.72 75211,27 

4.72 – 6.41 1.69 115322,07 

6.41 – 7.91 1.50 82431,06 

7.91 – 15.13 7.22 301912,82 

15.13 – 16.91 1.78 54641,75 

16.91 – 20.73 3.82 102444,00 

731962,96   267166,48 

 
The relationship between the speed limit and the energy use on the assessed route 
option CZ-V1 (D) of the Czech Expressway R43 is demonstrated for cars in Figure 7 
and in Table 10. 
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Figure 7:  Energy use on R43 for cars per year versus speed limit 

 
Table 10:  Energy use on R43 for cars per year versus speed limit 

Speed limit [km/h] 70 90 110 

Energy use [GJ]  187458 190144 191635 
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The relationship between the speed limit and the total energy use on the assessed 
route option CZ-V1 (D) of the Czech Expressway R43 for all vehicles is demonstrated 
in Figure 8 and in Table 11. 
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Figure 8:  Energy use on R43 for all vehicles per year versus speed limit 

 
 
 

Table 11:  Energy use on R43 for all vehicles per year versus speed limit 

Speed limit [km/h] 90 110 

Energy use [GJ] 267167 268658 
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6.2  Effect of gradients 
 
The relationship between the max. gradient and the total energy use on the assessed 
route option CZ-V1 (D) of the Czech Expressway R43 for all vehicles is demonstrated 
in Figure 9 and in Table 12. 
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Figure 9:  Energy use on R43 for all vehicles per year versus gradient (speed limit 

110 km/h) 

 
 
 

Table 12:  Energy use on R43 for all vehicles per year versus gradient (speed limit 
110 km/h) 

Max. gradient [%] 3 4 

Energy use [GJ] 257787 258660 
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7. Conclusions 
 
Simulation of the effect of selected parameters of the Czech road R43 on energy 
efficient driving by applying the VETO programme was presented. Regarding the 
relevancy of possible reduction changes, simulation was focused on the effect of 
speeds and the effect of gradients. 
 
There is a large potential for energy conservation in this field and the presented 
results clearly showed that it is necessary to pay attention both to the reduction of the 
energy used in the construction of roads and to the energy consumed by vehicles 
using the roads.  
 
There is a number of possibilities how to influence energy efficient driving through 
road design. In the next period it would be advisable to continue in this work and 
simulate the impact both of the already applied changes on the energy used by 
vehicles in more detail and also of other changes not applied yet. These efforts will 
contribute to the design of the route which both will incorporate energy efficiency in 
road construction and will facilitate energy efficient driving. 
 
 
Options: 
 
- Option 1: Route option (variant) CZ-V1 (D) - its length is 16.725 km 
- Option 2: Route option (variant)  CZ-V2 (F) - its length is: 

- 9.500 km - from the point of view of the construction, because this option 
would use partly the already existing section of the expressway 

- 16.000 km - from the point of view of driving (i.e. real length in the case of 
realization of this option) 

 

Potential energy saving in construction 
 
Option 1: Total road construction energy ….. 565.31 TJ (33.80 TJ/km) 
Option 2: Total road construction energy ….. 228.29 TJ (24.03 TJ/km) 
Energy saving by the Option 2 ….. 337.02 TJ (9.77 TJ/km) 
 

Potential energy saving for energy efficient driving 
 
Option 1 – Energy use: 

- Year 2010 ….. 261.31 TJ (15.62 TJ/km) 
- Year 2020 ….. 326.35 TJ (19.51 TJ/km) 

 
Option 2 – Energy use: 

- Year 2010 ….. 350.87 TJ (21.93 TJ/km) 
- Year 2020 ….. 438.35 TJ (27.40 TJ/km) 
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The Option 1 CZ-V1 (D) with maximum gradient 4.52 % was chosen for the 
simulation calculations of the effect of selected road parameters on energy efficient 
driving. 
 
Results from simulation of the effect of gradients on energy efficient driving by 
applying the VETO programme can be summarised as follows: 
 
Option 1 – Energy use in 2010 if the maximum gradient was reduced to: 

- 4.00 % ….. 258.66 TJ (15.47 TJ/km) 
- 3.00 % ….. 257.79 TJ (15.41 TJ/km) 
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Abbreviations 
 
CC circular curve 
CDV Transport Research Centre 
CMEM Comprehensive Modal Emissions Model 
CZ–V1 (D) route variant (option) of the evaluated Expressway R43 
CZ–V2 (F) route variant (option) of the evaluated Expressway R43 
E energy use 
HDM Highway Development and Management system 
IERD Integration of the Measurement of Energy Usage into Road Design 
L length of the curve 
R radius 
RECT rectilinear (straight) section of the road 
R43 Czech Expressway R43 
TC transition curve for suitable transition between adjacent road sections 
VETO computer program for calculation of transport costs  
VTI Swedish National Road and Transport Research Institute 
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1. Introduction 
 
In the frame of the ongoing project Integration of the Measurement of Energy Usage 
into Road Design (IERD), the attention is being paid both the reduction of the energy 
used in the construction of roads and the energy consumed by vehicles using the 
roads.  
 
Due to time constraints, it was proposed that a pre-existing software package for 
modelling traffic operation on a road should be selected.  
The following three programmes were evaluated in detail from the point of view of 
their application in the IERD project: the HDM programme (Highway Development 
and Management system), the CMEM programme (Comprehensive Modal Emissions 
Model) and the VETO programme. In the evaluations the attention was paid 
especially on how these programmes meet the necessary requirements i.e. to model 
the energy used by vehicles considering all essential aspects, have open interface 
and be compatible with relevant software systems.  
Based on the evaluations, it was decided to use the VETO programme to model 
traffic operation on a road. The partners in the IERD project provided necessary 
details on route options of the five assessed roads in particular countries; the 
evaluation of the energy used by the vehicles was carried out by VTI.  
 
In this submitted report, simulation of the effect of selected parameters of the French 
road RD921 on energy efficient driving by applying the VETO programme is 
presented.  
The final aim is to contribute to the design of the route which will both incorporate 
energy efficiency in road construction and will facilitate energy efficient driving. 

2. Description of the evaluated road 
 
The RD921 links Pithiviers and Ferté-Saint-Aubain. It connects with RD 951 and 960 
(on each side of the bridge). 
 
The RD 951 on west side has 6900 vehicles/day (7% HGV),  
The RD 960 on west side has 5000 vehicles/day (3% HGV), 
The RD 960 East has 6600 vehicles/day (11% HGV).  
 
This results in a total of 16,000 vehicles/day (11% HGV) on the bridge between 
Jargeau and Saint-Denis-de-l’Hôtel. 
 
The RD921 has three main functions: 
 
� At regional level, this route provides the option to by-pass Orléans on the eastern 

side  
� It provides a local route to different towns: Etampes, Pithiviers, St-Denis-de-

L’Hôtel, Jargeau et La Ferté-St-Aubin 
� At local level, the bridge is a link within this economic basin 
The present study aims at considering as a priority the management of RD 921, in 
the regional frame. 
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The selection started with the establishment of 4 routes: 
Grand Ouest - 12.79 km 
Ouest  - 12.53 km 
Grand Est  - 16.60 km 
Est   - 13.45 km 
 

The following maps are enclosed: 
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The tables present results of traffic evolution on the different options. The reports on 
traffic in 2000 indicated in 1st column are majored by 15% to take into account 
seasonal variations. But, the percents on HV are calculated on figures before 
majoration because traffic augmentation in summer period is essentially due to LV. 
The hypothesis on growth: 
� 2 % until 2005 

� 1.5 % until 2010 

� 0.8 % until 2015 

� 0.5% until 2025 
 

Roads East and Grand East 

    
  

Traffic Report 
in 2000 

Traffic 
Report in 

2005 

Traffic 
Report in 

2010 

Traffic 
Report in 

2015 

Traffic 
Report in 

2025 
Options Section     + 2.0 % year + 1.5 % year + 0.8 % year + 0.5 % year 

    % HV veh/day HV veh/d HV veh/d HV veh/d HV veh/d HV 

East and Gd. 
East RD14/RD951 5 1668 73 1842 80 1984 86 2065 90 2117 92 

East and Gd. 
East RD951/RD107 6 4985 260 5504 287 5929 309 6170 322 6326 330 

East and Gd. 
East RD107/RD960 5 5838 254 6446 280 6944 302 7226 314 7408 322 

Grand East RD960/RD11/RN60 10 3590 312 3964 345 4270 371 4444 386 4556 396 

East RD960/RD921 13 4347 491 4799 543 5170 584 5381 608 5516 624 

East Barreau sans 
variante 7 1273 77 1405 86 1514 92 1576 96 1615 98 

Roads West and Grand West 

 
 
 
 

Options Section + 2,0 % year + 1,5 % year + 0,8 % year + 0,5 % year

% HV veh/day HV veh/d HV veh/d HV veh/d HV veh/d HV

West and Gd. 
West RD14/RD951 5 1898 83 2096 91 2257 98 2349 102 2409 105

Grand west RD951/RD960 6,75 8268 485 9129 536 9834 577 10234 601 10492 616

Grand west RD960/RN60 9 8395 657 9269 725 9985 781 10391 813 10653 834

West RD960/RD921 8 8868 617 9791 681 10548 734 10976 764 11254 783

Grand west Variante 9 8268 647 9129 714 9834 770 10234 801 10492 821

Traffic Report 
in 2025

Traffic Report 
in 2000

Traffic Report 
in 2005

Traffic Report 
in 2010

TrafficReport 
in 2015
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N

Report de trafic
(base 2000)
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3. Energy in Construction Phase 
 
Concerning the 4 options of our French road, we analysed energy consumption 
during the construction phase of the road, taking into account all main criteria: 
 
- Drainage, 
- Services, 
- Earthworks, 
- Pavement, 
- Road Markings and Traffic Signs 
- Structures. 
 
Following, we present the description of total energy use in road construction for 
each solution. 
 

Route Alternative 
Structure  France Est France Grand 

Est 
France Grand 

Ouest France Ouest 

Total Route Length (km)   13,45 16,60 12,53 12,79 
Total Route Width (m)   7,00 7,00 7,00 7,00 
Total number of lanes   2 2 2 2 
Description   National Road National Road National Road National Road 
Aggregate (tonne/km)   6300 6300 6300 6300 
Bitumen (tonne/km)   307 307 307 307 

Asphalt Layer No. 1 e.g. 
Wearing Course (mm)    6 - 8  6 - 8  6 - 8  6 - 8 
Asphalt Layer No. 2 e.g. 
Base Course (mm)    12 - 14  12 - 14  12 - 14  12 - 14 

Asphalt Layer No. 3 e.g. 
Roadbase (mm)    12 - 14  12 - 14  12 - 14  12 - 14 

Structure 1: Description Option 1 

Bridge with mix 
frame span = 

70m 

Bridge with mix 
frame span = 

70m 
Bridge with mix 

frame span = 70m 

Bridge with mix 
frame span = 

70m 
Structure 1: Length (m) Option 1 360 360 500 470 
Structure 1: Width (m) Option 1 12 12 12 12 
Structure 1: Materials 
Used Option 1         

Structure 1: Description Option 2 

Bridge with mix 
frame span > 

70m 

Bridge with mix 
frame span > 

70m 
Bridge with mix 

frame span > 70m 

Bridge with mix 
frame span > 

70m 
Structure 1: Length (m) Option 2 360 360 500 470 
Structure 1: Width (m) Option 2 12 12 12 12 
Structure 1: Materials 
Used Option 2         
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Structure 1: Description Option 3 

Bridge in 
concrete 

Preconstraint 
with successive  

cantilever   

Bridge in 
concrete 

Preconstraint 
with successive  

cantilever   

Bridge in concrete 
Preconstraint with 

successive  
cantilever   

Bridge in 
concrete 

Preconstraint 
with successive  

cantilever   
Structure 1: Length (m) Option 3 360 360 500 470 
Structure 1: Width (m) Option 3 12 12 12 12 
Structure 1: Materials 
Used Option 3         

Structure 1: Description Option 4 Bridge with stays 
Bridge with 

stays Bridge with stays 
Bridge with 

stays 
Structure 1: Length (m) Option 4 360 360 500 470 
Structure 1: Width (m) Option 4 11,4 11,4 11,4 11,4 
Structure 1: Materials 
Used Option 4         
 

Total Energy Per 
Sector (TJ/Sector) 

Total Energy Per 
Sector (TJ/Sector) 

Total Energy Per 
Sector (TJ/Sector) 

Total Energy Per 
Sector (TJ/Sector) 

France Est France Grand Est France Grand 
Ouest France Ouest 

2,24 2,40 2,01 1,88 
1,31 1,39 1,23 1,14 

20,13 23,74 22,82 19,41 
24,82 27,85 22,72 21,37 
0,31 0,29 0,29 0,22 

23,17 23,44 29,89 24,26 

71,98 79,11 78,96 68,29 
 

Road & Route Option Total Energy (TJ) 
France Est 71,98 
France Grand Est 79,11 
France Ouest 68,29 
France Grand Ouest 78,96 

 

Road & Route 
Option 

Total Energy Per 
Section (TJ/km) 

Total Route 
Length (km) 

Total Placement 
Energy Per 

Kilometre (TJ/km) 
France Est 71,98 13,45 5,35 
France Grand Est 79,11 16,60 4,77 
France Ouest 68,29 12,53 5,45 
France Grand Ouest 78,96 12,79 6,17 

 

Road & Route 
Option 

Quantity of 
Aggregate 
(tonne/km) 

Quantity of 
Bitumen 

(tonne/km) 

Energy 
Aggregate 

(TJ/km) 

Energy 
Bitumen 
(TJ/km) 

Total Material 
Energy Per km 

(TJ/km) 
France Est 6300 307 0,18 1,50 1,68 
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France Grand Est 6300 307 0,18 1,50 1,68 
France Ouest 6300 307 0,18 1,50 1,68 
France Grand Ouest 6300 307 0,18 1,50 1,68 

 
 

Total road construction energy  
 
 

Road & Route 
Option 

Total Placement 
Energy Per 

Kilometre (TJ/km) 

Total Material 
Energy Per km 

(TJ/km) 

Total Road 
Construction 

Energy (TJ/km) 
France Est 5,35 1,68 7,03 
France Grand Est 4,77 1,68 6,44 
France Ouest 5,45 1,68 7,13 
France Grand Ouest 6,17 1,68 7,85 

 
Concerning the construction phase, the best option regarding road construction 
energy per Km is the solution: Grand Est. The reason is because of the length. 
Indeed, it’s the longest so maybe it drives to a best efficiency.  

But if we take into account the total energy consumption during the construction, the 
more efficient solution is the option: West. Notably, because it’s the shortest.
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Road & Route 
Option 

Million Litres of 
Diesel Oil 

Equivalent Per 
Kilometre  

Price per litre 
Diesel (Euro) 

IRE 
20/01/2005 

Total 
Route 
Length 

(km) 

Economic Cost 
of Diesel Used 
Per Kilometre 

(Euro/km) 

Total Economic 
Cost of Diesel 
Used (Euro) 

Total Project 
Budget 
(Euro) 

Cost of Diesel as 
Proportion of Total 

Costs (%) 
France Est 0,200 0,54 13,45 108 148 1 454 586 28 307 820 5,138 
France Grand Est 0,184 0,54 16,60 99 132 1 645 593 25 667 069 6,411 
France Ouest 0,203 0,54 12,53 109 661 1 374 050 21 680 644 6,338 
France Grand Ouest 0,224 0,54 12,79 120 791 1 544 919 27 473 643 5,623 

 

Road & Route 
Option 

Million Tonnes of Diesel 
Oil Equivalent Per 

Kilometre (Mtoe/km) 

Carbon Dioxide 
Emissions 

(tonnes/km) 
Total Route 
Length (km) 

Tonne Carbon 
Dioxide Emissions 
Per Route (tonnes) 

France Est 0,0001679 520 13,45 6999 
France Grand Est 0,0001539 477 16,60 7918 
France Ouest 0,0001702 528 12,53 6612 
France Grand Ouest 0,0001875 581 12,79 7434 
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4. Possibilities to affect energy efficient driving through road 
design 

 
The possibilities how to affect energy efficient driving through road design were 
analyzed in the report. These possibilities are based on the following knowledge: 
- energy use increase with increasing speed, mainly due to air resistance but also 

to some extent rolling resistance, 
- energy use increase due to energy loss when braking, 
- energy use increase when the driver uses a lower gear at the same speed, 
- energy use increase when idling during stop time, 
- energy use increase when the side force increases, 
- energy use increase with increasing macro texture of the road surface (at the 

same speed), 
- energy use increase when  road roughness increase (at the same speed) 
- energy use increase with increasing water depth or snow thickness on the road. 
 
- In the next parts of this report, we show simulation calculations of the effect of 

selected parameters of the French road RD921 on energy efficient driving. 
 

5. Input data for veto calculations 
 
5.1 Vehicle data 

 
In accordance with vehicle data representative for EU average have been used for 
the calculations.  
 
That means the following default VETO input data files were used for three particular 
vehicle categories which were agreed by the partners in the IERD project: 
- car ........................... Car_eun.veh, 
- truck ........................ Truck_eun.veh, 
- truck with trailer ..... Truck_tr_eun.veh. 
 
 
5.2 Road data 

 
The VETO input data files were used in France for four road options: 
- East ..................................  france_estny.roa, 
- Grand east ........................  france_gestny.roa, 
- West ................................. france_westny.roa 
- Grand West...................... france_gwestny.roa 
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Road geometry descriptions for IERD road objects 
 
France ESTny  
Coordinate 
(m) 

Road 
Width (m) 

Speed 
Limit (km/h) 

Gradient 
(‰) 

Horizontal 
Radius 
(m) 

Super 
elevation 
(%) 

0 7 90 -8 9999 2,5 
309 7 90 -35 9999 2,5 
498 7 90 -35 9999 2,5 
822 7 90 -35 9999 2,5 
938 7 90 -35 9999 2,5 

1578 7 90 -35 900 2,5 
1878 7 90 -35 9999 2,5 
2042 7 90 -35 -900 -2,5 
2120 7 90 3,4 9999 -2,5 
2121 7 90 3,4 9999 2,5 
2264 7 90 3,4 9999 2,5 
2416 7 90 3,4 -900 -2,5 
2501 7 90 3,4 9999 2,5 
2806 7 90 3,4 9999 -2,5 
2843 7 90 -3,5 9999 -2,5 
2935 7 90 -3,5 9999 2,5 
3268 7 90 4,9 9999 2,5 
3515 7 90 4,9 -425 -4,25 
3642 7 90 4,9 9999 2,5 
3797 7 90 -3,5 9999 2,5 
4131 7 90 3,5 850 2,5 
4835 7 90 -3,5 9999 2,5 
5179 7 90 -3,5 850 2,5 
5599 7 90 3,5 9999 2,5 
5672 7 90 -3,5 9999 2,5 
5907 7 90 -3,5 100 7 
5907 7 90 7,4 9999 2,5 
6310 7 90 -3,5 9999 2,5 
6345 7 90 -3,5 9999 2,5 
6345 7 90 -3,5 9999 2,5 
7207 7 90 3,5 9999 2,5 
7350 7 90 -3,5 9999 2,5 
7392 7 90 -3,5 9999 2,5 
7528 7 90 -3,5 9999 2,5 
7528 7 90 -3,5 9999 2,5 
7814 7 90 5 9999 2,5 
7872 7 90 5 600 2,5 
8183 7 90 5 9999 2,5 
8720 7 90 -25 900 2,5 
9203 7 90 -25 900 2,5 
9203 7 90 -25 900 2,5 
9319 7 90 28 9999 2,5 
9806 7 90 -26 9999 2,5 

10260 7 90 33 9999 2,5 
10494 7 90 8,0 9999 2,5 
10979 7 90 -5,5 900 2,5 
12481 7 90 3,5 9999 2,5 
12746 7 90 -34 9999 2,5 

7528 7 90 -3,5 9999 2,5 
7528 7 90 -3,5 9999 2,5 
7814 7 90 5 9999 2,5 
7872 7 90 5 600 2,5 
8183 7 90 5 9999 2,5 
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8720 7 90 -25 900 2,5 
9203 7 90 -25 900 2,5 
9203 7 90 -25 900 2,5 
9319 7 90 28 9999 2,5 
9806 7 90 -26 9999 2,5 

10260 7 90 33 9999 2,5 
10494 7 90 8,0 9999 2,5 
10979 7 90 -5,5 900 2,5 
12481 7 90 3,5 9999 2,5 
12746 7 90 -34 9999 2,5 

 
France GEstny 
Coordinate 
(m) 

Road 
Width (m) 

Speed 
Limit (km/h) 

Gradient 
(‰) 

Horizontal 
Radius 
(m) 

Super 
elevation 
(%) 

0 7 90 -8 9999 2,5 
309 7 90 -35 9999 2,5 

1578 7 90 -35 900 2,5 
1878 7 90 -35 9999 2,5 
2042 7 90 -35 -900 -2,5 
2121 7 90 3,44 9999 2,5 
2416 7 90 3,44 -900 -2,5 
2501 7 90 3,44 9999 2,5 
2806 7 90 3,44 9999 -2,5 
2843 7 90 -3,5 9999 -2,5 
2935 7 90 -3,5 9999 2,5 
3268 7 90 4,92 9999 2,5 
3515 7 90 4,92 -425 -4,25 
3642 7 90 4,92 9999 2,5 
3797 7 90 -3,5 9999 2,5 
4131 7 90 3,5 850 2,5 
4835 7 90 -3,5 9999 2,5 
5179 7 90 -3,5 850 2,5 
5599 7 90 3,5 9999 2,5 
5672 7 90 -3,5 9999 2,5 
5906 7 90 -3,5 100 7 
5906 7 90 7,38 9999 2,5 
6310 7 90 -3,5 9999 2,5 
6345 7 90 -3,5 9999 2,5 
6345 7 90 -3,5 9999 2,5 
7207 7 90 3,5 9999 2,5 
7350 7 90 -3,5 9999 2,5 
7392 7 90 -3,5 9999 2,5 
7528 7 90 -3,5 9999 2,5 
7528 7 90 -3,5 9999 2,5 
8151 7 90 -3,5 600 2,5 
8304 7 90 -3,5 9999 -2,5 
8878 7 90 -3,5 -600 2,5 
9030 7 90 5 9999 2,5 
9300 7 90 5 9999 2,5 
9300 7 90 5 9999 2,5 
9469 7 90 5 9999 2,5 

10329 7 90 5,33 9999 2,5 
10779 7 90 -3,5 9999 2,5 
11794 7 90 3,5 9999 2,5 
12180 7 90 -3,5 900 2,5 
12700 7 90 3,5 9999 2,5 
12902 7 90 3,5 600 2,5 
13283 7 90 -3,26 9999 2,5 
13594 7 90 6,62 900 2,5 
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13793 7 90 -0,09 9999 2,5 
14393 7 90 -5,9 9999 2,5 
14416 7 90 -5,9 1300 2,5 
14480 7 90 3,33 9999 2,5 
15026 7 90 3,33 -1300 2,5 
15203 7 90 -7,7 9999 2,5 
15409 7 90 -3,59 1300 2,5 
15566 7 90 -3,59 9999 2,5 
15566 7 90 35,23 -329 2,5 
15699 7 90 35,23 9999 2,5 
15787 7 90 -3,66 9999 2,5 
15801 7 90 -3,66 9999 2,5 
15884 7 90 -12,75 9999 2,5 
15948 7 90 -12,75 9999 2,5 
15801 7 90 -33,94 250 7 
15989 7 90 -33,94 9999 2,5 

 
France GWestny 
Coordinate 
(m) 

Road 
Width (m) 

Speed 
Limit (km/h) 

Gradient 
(‰) 

Horizontal 
Radius 
(m) 

Super 
elevation 
(%) 

0 7 90 -21,81 9999 2,5 
263 7 90 -21,81 9999 2,5 
345 7 90 -21,81 -600 -2,5 
553 7 90 -13,45 9999 2,5 
729 7 90 -35 9999 2,5 
958 7 90 4 -1300 2,5 

1230 7 90 20 9999 2,5 
2577 7 90 3,5 9999 2,5 
3234 7 90 3,5 900 2,5 
3397 7 90 -3,5 9999 2,5 
4064 7 90 -3,5 -900 2,5 
4341 7 90 3,5 9999 2,5 
5259 7 90 3,5 9999 2,5 
5259 7 90 3,5 9999 2,5 
5271 7 90 -3,5 -1300 2,5 
5353 7 90 -3,5 9999 -2,5 
5582 7 90 3,5 -900 2,5 
6448 7 90 -3,5 9999 2,5 
7113 7 90 -3,5 600 2,5 
7656 7 90 6,14 9999 2,5 
7924 7 90 15 9999 2,5 
9427 7 90 15 9999 2,5 
9427 7 90 15 9999 2,5 
9465 7 90 6,15 9999 2,5 
9800 7 90 -3,54 9999 2,5 
9961 7 90 -3,5 900 2,5 

10619 7 90 19,99 9999 2,5 
11100 7 90 19,99 9999 -2,5 
11100 7 90 19,99 -900 2,5 
11473 7 90 -30 9999 2,5 
11988 7 90 50 9999 2,5 

12092,94 7 90 50 9999 2,5 
 
France Westny 
Coordinate 
(m) 

Road 
Width (m) 

Speed 
Limit (km/h) 

Gradient 
(‰) 

Horizontal 
Radius 
(m) 

Super 
elevation 
(%) 

0 7 90 -21,81 9999 2,5 
263 7 90 -21,81 9999 2,5 
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345 7 90 -21,81 -600 -2,5 
553 7 90 -13,45 9999 2,5 
729 7 90 -35 9999 2,5 
958 7 90 4 -1300 2,5 

1230 7 90 20 9999 2,5 
2577 7 90 3,5 9999 2,5 
3043 7 90 3,5 9999 2,5 
3234 7 90 3,5 900 2,5 
3387 7 90 -3,5 9999 2,5 
4064 7 90 -3,5 -900 2,5 
4341 7 90 3,5 9999 2,5 
5259 7 90 3,5 9999 2,5 
5259 7 90 3,5 9999 2,5 
5271 7 90 -3,5 -1300 2,5 
5353 7 90 -3,5 9999 -2,5 
5582 7 90 3,5 -900 2,5 
6448 7 90 -3,5 9999 2,5 
7113 7 90 3,68 9999 2,5 
7208 7 90 3,68 1300 2,5 
7316 7 90 3,68 9999 2,5 
8365 7 90 15 425 2,5 
8706 7 90 5 9999 2,5 
9236 7 90 5 -600 2,5 
9482 7 90 15 9999 2,5 
9648 7 90 15 9999 2,5 
9648 7 90 15 9999 2,5 
9850 7 90 -2,5 -900 2,5 

10733 7 90 3,5 9999 2,5 
11356 7 90 -3,53 9999 2,5 
11826 7 90 3,54 9999 2,5 

0 7 90 -21,81 9999 2,5 
 

5.3 Driving behaviour data 

 
In the list of relevant items concerning driving behaviour is given. The following 
default input data files were used: 
- france_car.drs, 
- france_truck.drs, 
- france_truck_tr.drs. 
 
These files respect desired speeds as a function of road type section (road width) 
and speed limit regarding the evaluated French road RD 921. The so called desired 
speed should be equal to measured average speed on straight horizontal road 
sections. The following average speeds were assumed: 
Rules in France: 
 

• Maximum speed for light vehicles in a road outside a city = 90 Km/h. (in 
normal weather conditions) 

• Speed of light vehicles: In 2002, the average speed on a departmental 
road was = 93 Km/h. 

• Rules for Heavy vehicles: For a departmental road, the maximum speed 
for all heavy vehicles is = 80 Km/h, and for the buses is = 90 Km/h. 

• Average speed of heavy vehicles on a departmental road in 2002: 
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 Vehicles with 2 

axles 
With 3 axles With 4 axles 

Average speed on a 
departmental road 

Km / h 

 
85 

 

 
84 

 
85 

 
5.4 Weather conditions 

 
Basic parameters (see the default file standard.wea) are: 
- Wind speed: 2.5 m/s, 
- Air temperature: 8 ºC, 
- Air pressure: 1.093 bar, 
- Air moisture: 50%. 

6. Calculations 
 
Particular steps of the calculation of the total energy  are as follows: 
- calculate specific energy use (MJ/km) per vehicle type and section, 
- multiply specific energy use by section length, 
- multiply  energy use per vehicle (type) and section with section traffic flow, 
- add total energy use per road section resulting in total energy use per road object 

and day, 
- multiply by 365 to get data on a year level. 
 
Based on the values of specific energy use (MJ/km) per vehicle type and section 
obtained from the VETO programme, the following calculation steps were carried out 
by using the designed Excel spreadsheet. 
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7. Results 
 
Option WEST: 

 
 
 

car 

 

Fuel : dir.  dm3/10km  MJ/10km 
1     0.567     18.5 
2     0.540     17.7 
      0.554     18.1 

 
              * Speed km/h  * : Dir.  Mean   Max   Min   Stoptime[s]   Tot time[s] 

1    92.5  93.0  87.3        0.           460. 
2    92.5  93.0  87.3        0.           460. 
     92.5  93.0  87.3        0.           920. 

********************************************************** 
* Energi Kwh/10km * 

Pme     Pmbre    Phbre 
1.97     0.01     0.00 

 

 
 
 

Truck 

 
                                      Fuel: dir.  dm3/10km  MJ/10km 

1     2.467     88.7 
2     1.953     70.2 
      2.210     79.5 

 
              * Speed km/h  * : Dir.  Mean   Max   Min   Stoptime[s]   Tot time[s] 

1    83.7  84.0  79.7        0.           509. 
2    83.5  84.0  77.8        0.           510. 
     83.6  84.0  77.8        0.          1019. 

********************************************************** 
* Energi Kwh/10km * 

Pme     Pmbre    Phbre 
9.76     0.05     0.14 

 

 
 
 

Truck with trailer 

 
                                      Fuel : dir.  dm3/10km  MJ/10km 

1     3.174    114.1 
2     2.494     89.7 
      2.834    101.9 

 
              * Speed km/h  * : Dir.  Mean   Max   Min   Stoptime[s]   Tot time[s] 

1    83.7  84.0  79.7        0.           509. 
2    83.6  84.0  79.7        0.           509. 
     83.6  84.0  79.7        0.          1018. 

********************************************************** 
* Energi Kwh/10km * 

Pme     Pmbre    Phbre 
15.11     0.24     0.29 
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OPTION GRAND WEST: 
 

 
 
 

car 

 
                                      Fuel : dir.  dm3/10km  MJ/10km 

1     0.571     18.6 
2     0.537     17.6 
      0.554     18.1 

 
              * Speed km/h  * : Dir.  Mean   Max   Min   Stoptime[s]   Tot time[s] 

1    92.7  93.0  90.0        0.           470. 
2    92.7  93.0  90.0        0.           470. 
     92.7  93.0  90.0        0.           940. 

********************************************************** 
* Energi Kwh/10km *  

Pme     Pmbre    Phbre 
1.93     0.01     0.00 

 

 
 
 

Truck 

 
                                      Fuel : dir.  dm3/10km  MJ/10km 

1     2.555     91.9 
2     1.937     69.6 
      2.246     80.7 

 
              * Speed km/h  * : Dir.  Mean   Max   Min   Stoptime[s]   Tot time[s] 

1    83.7  84.0  79.2        0.           520. 
2    83.6  84.0  77.8        0.           521. 
     83.7  84.0  77.8        0.          1041. 

********************************************************** 
* Energi Kwh/10km * 

Pme     Pmbre    Phbre 
9.87     0.10     0.16 

 

 
 
 

Truck with trailer 

 
                                      Fuel : dir.  dm3/10km  MJ/10km 

1     3.310    119.0 
2     2.401     86.3 
      2.856    102.7 

 
              * Speed km/h  * : Dir.  Mean   Max   Min   Stoptime[s]   Tot time[s] 

1    83.8  84.0  79.7        0.           520. 
2    83.6  84.0  79.1        0.           521. 
     83.7  84.0  79.1        0.          1041. 

********************************************************** 
* Energi Kwh/10km * 

Pme     Pmbre    Phbre 
15.01     0.38     0.37 
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OPTION EAST: 
 

 
 
 

car 

 
                                      Fuel : dir.  dm3/10km  MJ/10km 

1     0.535     17.5 
2     0.603     19.7 
      0.569     18.6 

 
              * Speed km/h  * : Dir.  Mean   Max   Min   Stoptime[s]   Tot time[s] 

1    90.8  93.0  67.5        0.           505. 
2    90.1  93.0  67.5        0.           509. 
     90.5  93.0  67.5        0.          1015. 

********************************************************** 
* Energi Kwh/10km * 

Pme     Pmbre    Phbre 
2.05     0.02     0.00 

 

 
 
 

Truck 

 
                                      Fuel : dir.  dm3/10km  MJ/10km 

1     1.870     67.2 
2     2.791    100.4 
      2.331     83.8 

 
              * Speed km/h  * : Dir.  Mean   Max   Min   Stoptime[s]   Tot time[s] 

1    82.3  84.0  63.8        0.           558. 
2    81.1  84.0  63.8        0.           565. 
     81.7  84.0  63.8        0.          1123. 

********************************************************** 
* Energi Kwh/10km * 

Pme     Pmbre    Phbre 
11.18     0.33     0.53 

 

 
 
 

Truck with trailer 

 
                                      Fuel : dir.  dm3/10km  MJ/10km 

1     2.419     87.0 
2     3.714    133.5 
      3.067    110.3 

 
              * Speed km/h  * : Dir.  Mean   Max   Min   Stoptime[s]   Tot time[s] 

1    82.3  84.0  63.8        0.           557. 
2    80.7  84.0  63.8        0.           568. 
     81.5  84.0  63.8        0.          1126. 

********************************************************** 
* Energi Kwh/10km * 

Pme     Pmbre    Phbre 
17.23     0.68     1.24 
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OPTION GRAND EAST: 
 

 
 
 

car 

                                      Fuel : dir.  dm3/10km  MJ/10km 
1     0.557     18.2 
2     0.606     19.8 
      0.581     19.0 

 
              * Speed km/h  * : Dir.  Mean   Max   Min   Stoptime[s]   Tot time[s] 

1    90.1  93.0   0.0        0.           639. 
2    89.5  93.0   0.0        0.           643. 
     89.8  93.0   0.0        0.          1282. 

********************************************************** 
* Energi Kwh/10km * 

Pme     Pmbre    Phbre 
2.03     0.02     0.00 

 

 
 
 

Truck 

                                      Fuel : dir.  dm3/10km  MJ/10km 
1     2.050     73.7 
2     2.672     96.1 
      2.361     84.9 

 
              * Speed km/h  * : Dir.  Mean   Max   Min   Stoptime[s]   Tot time[s] 

1    76.5  84.0   0.0        0.           752. 
2    74.7  84.0   0.0        0.           771. 
     75.6  84.0   0.0        0.          1523. 

********************************************************** 
* Energi Kwh/10km * 

Pme     Pmbre    Phbre 
10.50     0.20     0.42 

 

 
 
 

Truck with trailer 

                                      Fuel : dir.  dm3/10km  MJ/10km 
1     3.512    126.3 
2     3.882    139.6 
      3.697    132.9 

 
              * Speed km/h  * : Dir.  Mean   Max   Min   Stoptime[s]   Tot time[s] 

1    77.7  84.0   0.0        0.           741. 
2    76.0  84.0   0.0        0.           757. 
     76.8  84.0   0.0        0.          1498. 

********************************************************** 
* Energi Kwh/10km * 

Pme     Pmbre    Phbre 
17.36     0.34     0.92 
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Firstly, we can see the Road ‘West’ presents the best energy aspects with the lowest consumption. 
Now, in a second time, we try to optimize this road with three criteria: 

• decrease of speed to 70 Km/h.  
• reduction of macro-texture to 0,5 mm 
• gradient = 0 

 
We use for this the new version of VETO software. 
 
1) Speed Reduction: 
 
 
OPTION 
WEST 

NORMAL SPEED LIMIT = 70 Km/h 

 
 
 

car 

Fuel 
dir.  dm3/10km  MJ/10km 
1     0.553     18.1 
2     0.529     17.3 
      0.541     17.7 

 
* Speed km/h  * 

Dir.  Mean   Max   Min   Stoptime[s]   Tot time[s] 
1    92.5  93.0  87.3        0.           460. 
2    92.5  93.0  87.3        0.           460. 
     92.5  93.0  87.3        0.           920. 

********************************************************** 
* Energi Kwh/10km * 

Pme     Pmbre    Phbre 
0.69     0.01     0.00 

 

Fuel 
dir.  dm3/10km  MJ/10km 
1     0.521     17.0 
2     0.506     16.5 
      0.513     16.8 

 
* Speed km/h  * 

Dir.  Mean   Max   Min   Stoptime[s]   Tot time[s] 
1    69.8  70.0  67.5        0.           610. 
2    69.8  70.0  67.5        0.           610. 
     69.8  70.0  67.5        0.          1220. 

********************************************************** 
* Energi Kwh/10km * 

Pme     Pmbre    Phbre 
0.49     0.00     0.00 

 

 
 
 

Truck 

Fuel 
dir.  dm3/10km  MJ/10km 
1     2.468     88.7 
2     1.946     69.9 
      2.207     79.3 

 
* Speed km/h  * 

Dir.  Mean   Max   Min   Stoptime[s]   Tot time[s] 
1    83.7  84.0  79.7        0.           509. 
2    83.5  84.0  77.9        0.           510. 
     83.6  84.0  77.9        0.          1019. 

Fuel 
dir.  dm3/10km  MJ/10km 
1     2.261     81.3 
2     1.809     65.0 
       2.035     73.2 

 
* Speed km/h  * 

Dir.  Mean   Max   Min   Stoptime[s]   Tot time[s] 
1    69.8  70.0  67.5        0.           610. 
2    69.8  70.0  67.2        0.           610. 
     69.8  70.0  67.2        0.          1220. 
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********************************************************** 
* Energi Kwh/10km * 

Pme     Pmbre    Phbre 
3.85     0.05     0.14 

********************************************************** 

********************************************************** 
* Energi Kwh/10km * 

Pme     Pmbre    Phbre 
2.96     0.09     0.11 

********************************************************** 

 
 
 

Truck with 
trailer 

Fuel 
dir.  dm3/10km  MJ/10km 
1     3.178    114.2 
2     2.537     91.2 
      2.857    102.7 

 
* Speed km/h  * 

Dir.  Mean   Max   Min   Stoptime[s]   Tot time[s] 
1    83.7  84.0  79.7        0.           509. 
2    83.6  84.0  79.7        0.           509. 
     83.6  84.0  79.7        0.          1018. 

********************************************************** 
* Energi Kwh/10km * 

Pme     Pmbre    Phbre 
5.53     0.24     0.29 

********************************************************** 

Fuel 
dir.  dm3/10km  MJ/10km 
1     2.959    106.4 
2     2.269     81.6 
      2.614     94.0 

 
* Speed km/h  * 

Dir.  Mean   Max   Min   Stoptime[s]   Tot time[s] 
1    69.8  70.0  67.5        0.           610. 
2    69.8  70.0  67.5        0.           610. 
     69.8  70.0  67.5        0.          1220. 

********************************************************** 
* Energi Kwh/10km * 

Pme     Pmbre    Phbre 
4.66     0.31     0.24 

********************************************************** 

 
 
With a decrease of speed ( - 20 Km/h), we can see a huge decrease of energy consumption:  
- car : Energy Kwh/10km = less 30 % 

- truck : Energy Kwh/10km = less 23 % 

- truck with trailer : Energy Kwh/10km = less 15 % 
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2) reduction of macro-texture to 0,5 mm 
 

OPTION 
WEST 

NORMAL Macro-Texture = 0,5 mm 
(speed = 90 Km/h) 

Macro-Texture = 0,5 mm 
(speed = 70 Km/h) 

 
 
 

car 

Fuel 
dir.  dm3/10km  MJ/10km 
1     0.553     18.1 
2     0.529     17.3 
      0.541     17.7 

 
* Speed km/h  * 

Dir.  Mean   Max   Min   Stoptime[s]   Tot time[s] 
1    92.5  93.0  87.3        0.           460. 
2    92.5  93.0  87.3        0.           460. 
     92.5  93.0  87.3        0.           920. 

************************************************** 
* Energi Kwh/10km * 

Pme     Pmbre    Phbre 
0.69     0.01     0.00 

 

Fuel 
dir.  dm3/10km  MJ/10km 
1     0.547     17.9 
2     0.524     17.1 
      0.535     17.5 

 
* Speed km/h  * 

Dir.  Mean   Max   Min   Stoptime[s]   Tot time[s] 
1    92.5  93.0  87.3        0.           460. 
2    92.5  93.0  87.3        0.           460. 
     92.5  93.0  87.3        0.           920. 

************************************************** 
* Energi Kwh/10km * 

Pme     Pmbre    Phbre 
0.68     0.01     0.00 

 

Fuel 
dir.  dm3/10km  MJ/10km 
1     0.517     16.9 
2     0.502     16.4 
      0.510     16.6 

 
* Speed km/h  * 

Dir.  Mean   Max   Min   Stoptime[s]   Tot time[s] 
1    69.8  70.0  67.5        0.           610. 
2    69.8  70.0  67.5        0.           610. 
     69.8  70.0  67.5        0.          1220. 

************************************************** 
* Energi Kwh/10km * 

Pme     Pmbre    Phbre 
0.48     0.00     0.00 

 

 
 
 

Truck 

Fuel 
dir.  dm3/10km  MJ/10km 
1     2.468     88.7 
2     1.946     69.9 
      2.207     79.3 

 
* Speed km/h  * 

Dir.  Mean   Max   Min   Stoptime[s]   Tot time[s] 
1    83.7  84.0  79.7        0.           509. 
2    83.5  84.0  77.9        0.           510. 
     83.6  84.0  77.9        0.          1019. 

************************************************** 
* Energi Kwh/10km * 

Pme     Pmbre    Phbre 
3.85     0.05     0.14 

************************************************** 

Fuel 
dir.  dm3/10km  MJ/10km 
1     2.456     88.3 
2     1.902     68.4 

2.179     78.3 
 

* Speed km/h  * 
Dir.  Mean   Max   Min   Stoptime[s]   Tot time[s] 
1    83.7  84.0  79.7        0.           509. 
2    83.5  84.0  78.0        0.           510. 
    83.6  84.0  78.0        0.          1019. 

************************************************** 
* Energi Kwh/10km * 

Pme     Pmbre    Phbre 
3.70     0.05     0.14 

************************************************** 

Fuel 
dir.  dm3/10km  MJ/10km 
1     2.228     80.1 
2     1.787     64.3 
      2.007     72.2 

 
* Speed km/h  * 

Dir.  Mean   Max   Min   Stoptime[s]   Tot time[s] 
1    69.8  70.0  67.5        0.           610. 
2    69.8  70.0  67.2        0.           610. 
     69.8  70.0  67.2        0.          1220. 

************************************************** 
* Energi Kwh/10km * 

Pme     Pmbre    Phbre 
2.96     0.10     0.11 

************************************************** 

 
 
 

Truck 
with 

trailer 

 
 
 

Fuel 
dir.  dm3/10km  MJ/10km 
1     3.178    114.2 
2     2.537     91.2 
      2.857    102.7 

 
 

 
 
 

Fuel 
dir.  dm3/10km  MJ/10km 
1     3.124    112.3 
2     2.485     89.3 

2.804    100.8 
 
 

 
 
 

Fuel 
dir.  dm3/10km  MJ/10km 
1     2.908    104.5 
2     2.216     79.7 
      2.562     92.1 
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* Speed km/h  * 

Dir.  Mean   Max   Min   Stoptime[s]   Tot time[s] 
1    83.7  84.0  79.7        0.           509. 
2    83.6  84.0  79.7        0.           509. 
     83.6  84.0  79.7        0.          1018. 

************************************************** 
* Energi Kwh/10km * 

Pme     Pmbre    Phbre 
5.53     0.24     0.29 

************************************************** 

 
* Speed km/h  * 

Dir.  Mean   Max   Min   Stoptime[s]   Tot time[s] 
1    83.7  84.0  79.7        0.           509. 
2    83.6  84.0  79.7        0.           509. 
    83.6  84.0  79.7        0.          1018. 

************************************************** 
* Energi Kwh/10km * 

Pme     Pmbre    Phbre 
5.42     0.26     0.29 

************************************************** 

 
* Speed km/h  * 

Dir.  Mean   Max   Min   Stoptime[s]   Tot time[s] 
1    69.8  70.0  67.5        0.           610. 
2    69.8  70.0  67.5        0.           610. 
     69.8  70.0  67.5        0.          1220. 

************************************************** 
* Energi Kwh/10km * 

Pme     Pmbre    Phbre 
4.58     0.33     0.25 

************************************************** 

 

a) analysis of the macro-texture: 

If we put less macro texture (1,3 to 0,5), we can just see a small reduction of energy consumption: 
 
- car: Energy Kwh/10km = less 1 % 
- truck: Energy Kwh/10km = less 4 % 
- truck with trailer: Energy Kwh/10km = less 2 % 
 

b) combined effect speed/ macrotexture: 

Secondly, we combine the two effects: speed reduction is more efficient to decrease energy consumption. 

 

3) gradient = 0 

OPTION 
WEST 

NORMAL Gradient = 0 
(speed = 90 Km/h) 

 
 
 

Fuel 
dir.  dm3/10km  MJ/10km 
1     0.553     18.1 
2     0.529     17.3 
      0.541     17.7 

Fuel 
dir.  dm3/10km  MJ/10km 
1     0.539     17.6 
2     0.539     17.6 
      0.539     17.6 
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car  
* Speed km/h  * 

Dir.  Mean   Max   Min   Stoptime[s]   Tot time[s] 
1    92.5  93.0  87.3        0.           460. 
2    92.5  93.0  87.3        0.           460. 
     92.5  93.0  87.3        0.           920. 

************************************************** 
* Energi Kwh/10km * 

Pme     Pmbre    Phbre 
0.69     0.01     0.00 

 
* Speed km/h  * 

Dir.  Mean   Max   Min   Stoptime[s]   Tot time[s] 
1    92.5  93.0  87.3        0.           460. 
2    92.5  93.0  87.3        0.           460. 
     92.5  93.0  87.3        0.           920. 

************************************************ 
* Energi Kwh/10km * 

Pme     Pmbre    Phbre 
0.69     0.00     0.00 

 
 
 

Truck 

Fuel 
dir.  dm3/10km  MJ/10km 
1     2.468     88.7 
2     1.946     69.9 
      2.207     79.3 

 
* Speed km/h  * 

Dir.  Mean   Max   Min   Stoptime[s]   Tot time[s] 
1    83.7  84.0  79.7        0.           509. 
2    83.5  84.0  77.9        0.           510. 
     83.6  84.0  77.9        0.          1019. 

************************************************** 
* Energi Kwh/10km * 

Pme     Pmbre    Phbre 
3.85     0.05     0.14 

Fuel 
dir.  dm3/10km  MJ/10km 
1     2.178     78.3 
2     2.178     78.3 
      2.178     78.3 

 
* Speed km/h  * 

Dir.  Mean   Max   Min   Stoptime[s]   Tot time[s] 
1    83.7  84.0  79.7        0.           509. 
2    83.7  84.0  79.7        0.           509. 
     83.7  84.0  79.7        0.          1018. 

*************************************************** 
* Energi Kwh/10km * 

Pme     Pmbre    Phbre 
3.56     0.02     0.11 

 
 
 

Truck 
with 

trailer 

Fuel 
dir.  dm3/10km  MJ/10km 
1     3.178    114.2 
2     2.537     91.2 
      2.857    102.7 

 
* Speed km/h  * 

Dir.  Mean   Max   Min   Stoptime[s]   Tot time[s] 
1    83.7  84.0  79.7        0.           509. 
2    83.6  84.0  79.7        0.           509. 
     83.6  84.0  79.7        0.          1018. 

************************************************** 
* Energi Kwh/10km * 

Pme     Pmbre    Phbre 
5.53     0.24     0.29 

 

Fuel 
dir.  dm3/10km  MJ/10km 
1     2.801    100.7 
2     2.801    100.7 
      2.801    100.7 

 
* Speed km/h  * 

Dir.  Mean   Max   Min   Stoptime[s]   Tot time[s] 
1    83.7  84.0  79.7        0.           509. 
2    83.7  84.0  79.7        0.           509. 
     83.7  84.0  79.7        0.          1018. 

*************************************************** 
* Energi Kwh/10km * 

Pme     Pmbre    Phbre 
5.29     0.05     0.20 

 

Finally we try to analyse effects of gradient. 
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In our road, we have different gradients, but with small climbs and slopes. Indeed, our road is located around the river ‘La Loire’; 
the gradient is really low in this place. 
 
So the change of gradient doesn’t have a major effect on energy consumption: 
- car: Energy Kwh/10km = no changes 
- truck: Energy Kwh/10km = less 8 % 
- truck with trailer: Energy Kwh/10km = less 5 % 
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8. Conclusions 
 

1) The best options:  
 
Simulation of the effect of selected parameters of the French road on energy efficient 
driving by applying the VETO programme was presented.  
 
In order to evaluate energy efficient driving, we compare here the different road 
options and their energy content in the fuel used. 
For cars, trucks and trucks with trailer the most energy efficient on fuel aspect is the 
road option: WEST. 
 
What are the main aspects of this route?  
 
- the smallest length  
- the best relation between horizontal and vertical curvatures 
 
These two aspects have an influence on speed and notably speed (mean, max and 
min) and total time. 
So, the road option ‘West’ presents also the best conditions on: 
- mean speed 
- max speed 
- min speed 
 
- and on total time 
 
In conclusion, the energy consumption in driving is influenced by three criteria: 

• road length 
• horizontal and vertical curvatures 
• speed 

 
During the construction phase, the option West was also the most efficient on energy 
aspects. 
 

2) Proposals to ameliorate option ‘WEST’: 
 
We worked on three criteria: 
- reduction of speed limit (90 Km/h to 70 km/h) 
- reduction of macrotexture (1,3 mm to 0,5 mm) 
- change of gradient ( 0 % all around the road) 
 
These three criteria have positive effects in decreasing energy consumption. But the 
most important point is to see speed reduction as the best multiplicator. Moreover, a 
speed reduction doesn’t produce costs. 
In this study, we can show the importance of speed limit not only on safety but also 
on energy consumption. 
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Abbreviations 
 
CC circular curve 
CDV Transport Research Centre 
CMEM Comprehensive Modal Emissions Model 
CZ–V1 (D) route variant (option) of the evaluated Expressway R43 
CZ–V2 (F) route variant (option) of the evaluated Expressway R43 
E energy use 
HDM Highway Development and Management system 
IERD Integration of the Measurement of Energy Usage into Road Design 
L length of the curve 
R radius 
RECT rectilinear (straight) section of the road 
R43 Czech Expressway R43 
TC transition curve for suitable transition between adjacent road sections 
VETO computer program for calculation of transport costs  
VTI Swedish National Road and Transport Research Institute 
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In this report, the effects of changing various parameters of the road, i.e. the gradient 
and the type of road surface, were assessed in terms of the energy used in 
construction and during operation of the road.  
 
The Irish road selected for this project is to be a single carriageway road. Five route 
options are under consideration.  
 
The following table gives the lengths of each route and the predicted total 
construction energy for each. 
 
 

Route 
 

Length 
 

Total 
Construction 
Energy (TJ) 

Total 
Construction 

Energy (TJ/km) 
Route 1 12.57 95.94 7.63 
Route 2 12.37 96.68 7.82 
Route 3 11.43 93.38 8.17 
Route 4 11.45 89.09 7.78 
Route 5 13.13 92.81 7.07 

 
 
Route 5 was further analysed and the gradient was reduced. The construction energy 
of the amended Route 5 is as follows: 
 
 

 TJ TJ/km 

Route 5 92.83 7.07 

Route 5 amended 116.99 8.91 
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Along with the energy used in construction of each route, the energy used by the 
vehicles was also established. This was achieved using the Veto program. For the 
purposes of this project, the traffic using the roads was split into three categories: 
cars, trucks and trucks with trailers. Road geometry, road surface, road surface 
conditions, meteorological conditions, vehicle details and driving behaviour were 
input into the Veto program. The following are the details of the input data in Veto for 
the Irish routes: 
 
Vehicle Data: 
Car   car_eun.veh 
Truck   truck_eun.veh 
Truck & trailer truck_tr_eun.veh 
 
Road Data: 
Irland_route_1.vla 
Irland_route_2.vla 
Irland_route_3.vla 
Irland_route_4.vla 
Irland_route_5.vla 
Irland_route_5_amended.vla 
 
Basic Road Surface parameters: 
Standard.rsu  Asphalt surface 
   Macro texture: 1.8mm 
   Age of Surface: Average 
 
Cemconcr.rsu Concrete surface 
   Macro texture: 0.5mm 
   Age of surface: Average 
 
Driving Behaviour Data: 
Irland_car.drs 
Irland_truck.drs 
Irland_truck_tr.drs 
 
Weather Conditions: 
Standard.wea Wind speed: 2.5 m/s 
   Air Temperature: 8º C 
   Pressure: 1 bar 
 
 
The road geometry files are included in the VTI report ‘Energy Use for Road Traffic – 
IERD’. 
 
 
 
The energy usage per kilometre for a car, a truck and a truck with trailer on each of 
the routes was evaluated, for both asphalt and concrete road surfaces.  
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Asphalt (2 years old; 1.8mm) 
 

Road Section Cars 
MJ/10km 

Trucks 
MJ/10km 

Trucks & 
trailers 
MJ/10km 

 From To    
Ireland 01 0 2.25 18.4 77.4 100.1 
 2.25 4.71 18.2 76.4 98.4 
 4.71 7.66 18.4 75.5 99.4 
 7.66 12.57 19.0 93.7 127.5 
Ireland 02 0 2.25 18.4 77.4 100.1 
 2.25 4.71 18.2 76.4 98.4 
 4.71 7.41 18.4 77.5 99.3 
 7.41 12.36 19.0 92.0 126.7 
Ireland 03 0 2.31 18.4 80.7 100.7 
 2.31 4.11 18.6 83.0 107.8 
 4.11 6.51 18.3 82.0 101.0 
 6.51 11.47 18.9 92.9 124.6 
Ireland 04 0 2.31 18.4 80.7 100.7 
 2.31 4.11 18.6 82.8 107.8 
 4.11 6.11 18.2 76.5 98.3 
 6.11 11.5 18.8 91.5 120.9 
Ireland 05 0 2.31 18.4 80.7 100.7 
 2.31 4.11 18.6 82.8 107.8 
 4.11 8.91 18.4 76.3 98.9 
 8.91 13.19 19.0 91.3 124.4 
Ireland 05 amended 0 2.31 18.4 80.7 100.7 
 2.31 4.11 18.6 82.8 107.8 
 4.11 8.91 18.4 76.4 98.8 
 8.91 13.19 18.7 85.6 114.1 
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Concrete (2 years old; 0.5mm) 
 

Road Section Cars 
MJ/10km 

Trucks 
MJ/10km 

Trucks & 
trailers 
MJ/10km 

 From To    
Ireland 01 0 2.25 18.2 75.8 98.2 
 2.25 4.71 18.0 74.8 96.1 
 4.71 7.66 18.1 73.7 97.4 
 7.66 12.57 18.9 93.0 126.4 
Ireland 02 0 2.25 18.2 75.8 98.2 
 2.25 4.71 18.0 74.8 96.1 
 4.71 7.41 18.2 76.4 97.2 
 7.41 12.36 18.9 91.6 125.4 
Ireland 03 0 2.31 18.2 79.4 98.9 
 2.31 4.11 18.4 84.0 106.1 
 4.11 6.51 18.2 80.9 99.2 
 6.51 11.47 18.7 91.7 123.3 
Ireland 04 0 2.31 18.2 79.4 98.9 
 2.31 4.11 18.4 83.8 106.1 
 4.11 6.11 18.0 75.1 96.4 
 6.11 11.5 18.7 90.5 121.2 
Ireland 05 0 2.31 18.2 79.4 98.9 
 2.31 4.11 18.4 83.8 106.1 
 4.11 8.91 18.2 75.0 96.8 
 8.91 13.19 18.8 90.2 122.9 
Ireland 05 amended 0 2.31 18.2 79.4 98.9 
 2.31 4.11 18.4 83.8 106.1 
 4.11 8.91 18.2 75.0 96.8 
 8.91 13.19 18.5 84.1 113.0 
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The following are the predicted traffic volumes for the years 2010 and 2020. 
 
 
Predicted traffic volumes for 2010 and 2020: 
 
 
        

2010   2020   

Route 
Co-ordinate 

(m) cars trucks 
trucks & 
trailers cars trucks 

trucks & 
trailers 

01 0-2250 3054 438 292 4622 444 296 
(HA) 2250-4706 3744 698 465 5469 715 477 

  4706-7656 4192 534 356 5894 549 366 
  7656-12569 3876 511 340 5537 524 349 

02 0-2250 3061 439 293 4618 446 298 
(HB) 2250-4706 3756 696 464 5471 714 476 

  4706-7406 4199 534 356 5893 549 366 
  7406-12361 3884 508 339 5535 523 349 

03 0-2300 4684 446 297 5294 475 316 
(MC) 2300-4113 4672 456 304 5420 486 324 

  4113-6512 5759 535 356 6471 568 379 
  6512-11469 5446 510 340 6122 543 362 

04 0-2300 4734 455 303 5341 483 322 
(MD) 2300-4113 4729 470 313 5475 509 339 

  4113-6113 5898 557 371 6673 600 400 
  6113-11498 5462 512 341 6134 544 362 

05 0-2300 3594 493 328 5358 501 334 
(MG) 2300-4113 3721 507 338 5601 526 350 

  4113-8913 5052 617 411 6993 640 427 
  8913-13190 9698 764 509 10852 808 539 

 
 
From these volumes, we can produce the predicted total vehicles energy on each 
route for 2010 and 2020, as shown in the following tables. 
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Asphalt Road Surface: 2010 
 Cars 

(TJ/yr) 
Trucks 
(TJ/yr) 

Trucks & Trailers 
(TJ/yr) 

Total 
(TJ/yr) 

Route 1 32.23 20.48 18.09 70.81 
Route 2 31.71 20.1 17.75 69.56 
Route 3 40.84 17.94 15.5 74.28 
Route 4 41.15 17.96 15.56 74.68 
Route 5 55.19 25.24 22.19 102.62 
Route 5_amended 54.73 24.57 21.37 100.67 

 
Asphalt Road Surface: 2020 

 Cars 
(TJ/yr) 

Trucks 
(TJ/yr) 

Trucks & Trailers 
(TJ/yr) 

Total 
(TJ/yr) 

Route 1 46.45 20.99 18.54 85.99 
Route 2 45.61 20.62 18.22 84.45 
Route 3 46.16 19.09 16.49 81.73 
Route 4 46.52 19.19 16.63 82.34 
Route 5 69.9 26.35 23.18 119.43 
Route 5_amended 69.39 25.64 22.3 117.34 

 
Concrete Road Surface: 2010 

 Cars 
(TJ/yr) 

Trucks 
(TJ/yr) 

Trucks & Trailers 
(TJ/yr) 

Total 
(TJ/yr) 

Route 1 31.91 20.15 17.81 69.87 
Route 2 31.44 19.84 17.45 68.74 
Route 3 40.45 17.76 15.29 73.49 
Route 4 40.82 17.79 15.45 74.06 
Route 5 54.6 24.95 21.84 101.38 
Route 5_amended 54.14 24.22 21.05 99.41 

 
Concrete Road Surface: 2020 

 Cars 
(TJ/yr) 

Trucks 
(TJ/yr) 

Trucks & Trailers 
(TJ/yr) 

Total 
(TJ/yr) 

Route 1 45.99 20.66 18.25 84.9 
Route 2 45.22 20.37 17.92 83.5 
Route 3 45.72 18.89 16.26 80.87 
Route 4 46.14 19.0 16.51 81.65 
Route 5 69.15 26.04 22.81 118.0 
Route 5_amended 68.65 25.27 21.97 115.89 

 
It can be seen that a concrete road surface is more energy efficient than an asphalt 
surface. The following are the potential savings if a concrete surface is used instead 
of asphalt. 
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2010: 
Route 1:  Asphalt  70.81 TJ/yr 
  Concrete  69.87 TJ/yr  
  Potential saving 0.94 TJ/yr 
 
Route 2: Asphalt  69.56 TJ/yr 
  Concrete  68.74 TJ/yr 
  Potential saving 0.82 TJ/yr 
  
Route 3: Asphalt  74.28 TJ/yr 
  Concrete  73.49 TJ/yr 
  Potential saving 0.79 TJ/yr 
 
Route 4: Asphalt  74.68 TJ/yr 
  Concrete  74.06 TJ/yr 
  Potential saving 0.62 TJ/yr 
 
Route 5: Asphalt  102.62 TJ/yr 
  Concrete  101.38 TJ/yr 
  Potential saving 1.24 TJ/yr 
 
Route 5(a): Asphalt  100.67 TJ/yr 
  Concrete  99.41 TJ/yr 
  Potential saving  1.26 TJ/yr   
 
Route 5 and Route 5_amended were now looked at again to establish how changing 
the gradient affected the operational energy.  
 
In the case of an asphalt surface, year 2010: 
 
Route 5 uses 102.62 TJ/yr 
Route 5 (a) uses 100.67 TJ/yr 
 
This gives a potential energy saving of 1.95 TJ/yr if Route 5 (a) is chosen. 
Assuming the road has a life cycle of 20 years, this would mean a saving of 39 TJ 
over 20 years.  
 
So although the construction energy of Route 5_amended was 24.16 TJ higher than 
that of Route 5, there was a reduction in the vehicles energy. So it can be said that 
for an initial increase in construction of 24.16 TJ, there is a potential operational 
energy saving of 39 TJ over the 20 year life cycle of the road.
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1. Introduction 
 
Following the study ‘Integration of the Measurement of Energy Usage into Road 
Design (IERD)’, this phase is for verifying the change on the used energy, as in the 
construction phase, as for the utilization phase of the road by the vehicles. Trying 
therefore to adapt the geometry characteristics towards a better general energy 
efficiency of the road, in the short as in the long term. 
 
In this report the effect of the changing of the vertical parameters of Solution 2 has 
been analysed, and in what way this changing would affect the energy values. 
Therefore the VETO program has been used for the calculation of the energy used 
for the different vehicles that will drive on this road. 
 
2. Description of the road 
 
This road is about 16 km long, and it is part of the improvement in geometry 
characteristic terms of the IP 5 from Mangualde to Guarda. It will now have a central 
separator, with two carriageways in each direction, with 26.1 m width. 
 
Two solutions for this part of IP 5 have been chosen to serve as study to the IERD 
project; Solution 2 has two different vertical alignments for the same horizontal 
alignment: 
 

- Solution 1 is 15617 m long; 
- Solution 2 is 15920 m long; 
- Solution 2 Alt is 15920 m long with changes on the vertical geometry 

(see Attach in the end). 
 
For a better understanding of the zone as well as the characteristics of this road, we 
present the following figures: 

- Plan view (Fig. 1); 
- Photo – Viaduct V11 (Fig. 2); 
- Photo –  km 44+500 (Fig. 3); 
- Photo –  km 45+700 (Fig. 4). 

 
In the tables 1, 2 and 3 are the traffic data for the two solutions, for the years 2010 
and 2020. 
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__Road in study_  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1:  Plan View 
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Table 1:  Traffic data for IP5 – Solution 1 
 
 
 
 
 
 
 
 
 
 

 
 

 
Table 2:  Traffic data for IP5 – Solution 2 and 2Alt  

from 41+748 to 55+000 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 

Table 3:  Traffic data for IP5 – Solution 2 and 2Alt 
from 55+000 to 57+668 

YEAR VEHICLES T.M. BY DAY - 2 
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Fig. 2:  Viaduct V11 

 

 
Fig. 3:  km 44+500 
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Fig. 4:  km 45+700 

 
 

3. ENERGY COSTS ON CONSTRUCTION PHASE 
 
For the analysed solutions it was analysed the energy costs during the phase of 
construction of the road, taking into account all of the important necessary works, 
such as: 
 
- Drainage, 
- Services, 
- Earthworks, 
- Pavement, 
- Road Markings and Traffic Signs 
- Structures. 
 
Following there are the tables with the description of the calculation to reach the total 
energy use in construction for Solution 2 Alt. The tables for Solution 1 and Solution 2 
can be found in the Energy Usage Operations Spreadsheet.  
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Item No. Description Units Quantity Plant Description 

Fuel 
Consumption 

Per Hour 
(litres/hour) 

Output 
per 

Hour 

Fuel 
Consumption 

per unit 

Energy 
per Unit 

Total Energy 
MJ/Unit 

Total 
Energy Per 

Sector 
(TJ/Sector) 

02 Culverts incl headwalls m 3,370.00 50t Crane, 36t Excavator,  49.25 30 1.642 63.385 213606.6   
03 Retraining watercourses m3 10,500.00 24t exc. + 1 Truck 41 13 3.154 121.770 1278585.0   
04 Ditches incl outfall m 84,400.00 24t exc. + 1 Truck 41 50 0.820 31.660 2672120.9   

Drainage 

05 Piped Drains incl manholes m 29,800.00 24t exc. + 1 Truck 41 15 2.733 105.534 3144913.2 7.30923 
Services 07 Install ducting for Utilities m 35,000.00 24t exc. + 1 Truck 41 25 1.640 63.320 2216214.0 2.21621 

09 Strip Topsoil incl site clearance m3 282,000.00 24t exc.,2 x A25 91.8 375 0.245 9.452 2665387.3   

10 Tree Felling No 2,500.00 24t exc., A25, 4 x petrol saws 64.65 11 5.877 226.922 567303.8   
11 Break up any redundant pavement m3 1,000.00 36t Exc, 2 Trucks, 1 Planing Machine 121 30 4.033 155.727 155727.0   

12 Excavation Type C material m³ 2,009,500.00 46t Exc, 24t Exc, Drilling Rig, Blasting Rig, 350cfm 
compressor, 1 Truck 171 140 1.221 47.159 94766728.2   

13 Excavation of Type B material m³ 893,000.00 46t Exc, Komatsu D9 or similar, 1 Truck 90.5 225 0.402 15.530 13868111.4   
14 Excavation of Type A material m³ 186,200.00 46t Exc, 1 Truck 50.5 275 0.184 7.090 1320195.2   
15 Disposal of contaminated material m³km 0.00 3 A40s 190.2 225 0.845 32.638 0.0   

16 Disposal of Unacceptable material  m³km 0.00 3 A40s 190.2 225 0.845 32.638 0.0   

17 Deposition of acceptable material in 
embankments and other areas of Fill m³km 3,395,200.00 1 Bulldozer, 1 compactor 96.5 350 0.276 10.645 36143019.6 

  

18 Deposition of acceptable material in 
Landscape Areas m³km 110,000.00 36t exc. 31 200 0.155 5.985 658300.5   

19 
Import acceptable material in and 
under embankments and other areas 
of fill 

m³km 53,000.00 1 Truck, 1 Shovel, Komatsu D9 or similar, 1 Bulldozer, 
1 compactor  162 325 0.498 19.246 1020016.8 

  

20 

Compaction in layers of acceptable 
material under embankments and 
other areas of fill, in capping areas 
and landscape areas 

m³ 71,000.00 1 Vib. Roller V5 18 175 0.103 3.971 281963.3 

  
21 Vertical Drains m³ 18,220.00 1 46t Exc.,1 Dozer, 3 A40s 287.7 13 22.131 854.469 15568425.2   

22 Geosynthetics m² 29,000.00 1 Truck  19.5 60 0.325 12.548 363899.3   

23 Topsoiling m² 523,000.00 2no. 24t excs., 2 A25s 113.3 125 0.906 34.996 18302962.4   

Earthworks 

24 Landscaping m² 523,000.00 2no. 24t excs., 2 A25s 113.3 250 0.453 17.498 9151481.2 194.83352 

25 Sub - base in carriageway, 
hardshoulder and hardstrip m³ 163,000.00 1 Grader, 1 Vib Roller, 10 Trucks, 1 Loader 266 150 1.773 68.468 11160349.2   

26 Soil Stabilisation m³ 0.00 1 Mixer 51 75 0.680 26.255 0.0   

27 Put Down Road Base m³ 70,000.00 Paver, 2 rollers, rubber-tyred exc, tractor and trailer, 8 
Trucks 246.7 63 3.916 151.192 10583430.0   

28 Put down Base Course m³ 23,500.00 Paver, 2 rollers, rubber-tyred exc, tractor and trailer, 8 
Trucks 246.7 63 3.916 151.192 3553008.6   

29 Put down Wearing Course m³ 17,100.00 Paver, 2 rollers, rubber-tyred exc, tractor and trailer, 
chipper, 8 Trucks 247.7 50 4.954 191.274 3270784.4   

Pavement 

30 Put down concrete kerbs where 
required m 300.00 Rubber-tyred exc, transit and trailer, 1 Concrete Mixer 33.125 15 2.208 85.264 25579.1   
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31 Put down concrete footpaths where 
required m² 130.00 Rubber-tyred exc, transit and trailer, compressor and 3 

pokers, 1 Concrete Mixer 33.125 13 2.548 98.381 12789.6 28.60594 

32 Road Lining m 53,550.00 1 roadmarking lorry 19.5 500 0.039 1.506 80635.1   Road 
Markings 

Traffic 
Signs 

33 Road Signing (each junction) nr 3.00 Rubber-tyred exc, transit and trailer 25 0.6 41.667 1608.750 4826.3 
0.08546 

34 Bridges up to 10m span m² 2,760.00 
50t Crane, Telescopic forklift, cherrypicker, compressor 
and 3 pokers, generator, 2 transits, 1 trailer, 1 
Concrete Plant 

105.75 0.15 705.000 27220.050 75127338.0 
  

35 Bridges 10 - 50 span m² 2,279.00 50t Crane, Telescopic forklift, cherrypicker, 4 Trucks, 
Concrete Plant 103.75 1 103.750 4005.788 9129189.7   

36 Bridges > 50 span m² 19,216.00 50t Crane, Telescopic forklift, cherrypicker, 8 Trucks, 
Concrete Plant 181.75 2 90.875 3508.684 67422866.9   

37 Concrete median barriers m 14,250.00 2 Extruded-concrete lorry, 1 Concrete Extrusion 
Machine 39 25 1.560 60.232 858300.3   

38 Retaining Walls m² 20,300.00 Rubber-tyred Exc, Compressor and 3 pokers, 
generator, transit and trailer, Concrete Mixer 93.125 3 31.042 1198.519 24329930.6 

  

Structures 

39 Tunnel 
m 

traffic 
lanes 

0.00       0.000 0.000 0.0 
176.86763 

          409917988.5 409.91799 
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4. Possibilities to affect energy efficient driving through road design 
 
The possibilities how to affect energy efficient driving through road design 
were analysed in the report [6]. These possibilities are based on the following 
knowledge: 
- energy use increase with increasing speed, mainly due to air resistance 

but also to some extent rolling resistance, 
- energy use increase due to energy loss when braking, 
- energy use increase when the driver uses a lower gear at the same speed, 
- energy use increase when idling during stop time, 
- energy use increase when the side force increases, 
- energy use increase with increasing macro texture of the road surface (at 

the same speed), 
- energy use increase when  road roughness increase (at the same speed) 
- energy use increase with increasing water depth or snow thickness on the 

road. 
 
In the following parts of this report, simulation calculations of the effect of 
selected parameters of the Portuguese road IP5 on energy efficient driving 
were concentrated on: 
- the effect of geometry characteristics.  
 
5. Input data for veto calculations 
Vehicle data 
The used data, concerning the characteristics of each type of vehicle, are in 
the following files: 
- car ........................... Car_eun.veh, 
- truck ........................ Truck_eun.veh, 
- truck with trailer ..... Truck_tr_eun.veh. 
 
Road data 
The geometry characteristics of the two Solutions are in tables 7, 8 and 9, and 
for its introduction on VETO the following files were created:  
 
- Solution 1 ........................... Portugal_sol1.vla, 
- Solution 2 ........................... Portugal_sol2.vla, 
- Solution 2 Alt ..................... Portugal_sol2alt.vla. 
 
 
 
Basic road surface parameters are: 
 
- Surface type: Asphalt concrete,  
- Macro texture: 1.8 mm,  
- Age of surface: average. 
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Table 7:  Geometric characteristics of IP 5 - Solution 1 

Coordinate  Road Width  Speed-limit Gradient 
Horizontal 

Radius Obs. 
Superelev

ation 

[m] [m] [km/h] [%] [m]  [%] 

41748.325 26.10 100 4.100 - LINEAR 2.50 

41813.236 26.10 100 4.100 - A= 325 2.5/0.0 

41964.129 26.10 100 4.100 -700   7.00 

42121.039 26.10 100 4.100 -700   7.00 

42974.853 26.10 100 -3.015 - A= 325 2.5/0.0 

43105.039 26.10 100 -4.100 - A= 325 2.5/2.16 

43125.746 26.10 100 -4.100 - LINEAR 2.50 

43326.116 26.10 100 -4.100 - A= 300 0.0/2.5 

43476.116 26.10 100 -4.100 600   7.00 

43644.084 26.10 100 -4.100 600   7.00 

44281.084 26.10 100 5.000 600   7.00 

44758.362 26.10 100 5.000 - A= 300 0.0/2.5 

44908.362 26.10 100 5.000 - LINEAR 2.50 

45654.602 26.10 100 5.000 - A= 260 2.5/0.0 

45804.825 26.10 100 5.000 -450   7.00 

46404.652 26.10 100 5.000 - A= 260 2.5/0.0 

46554.874 26.10 100 5.000 - A= 250 0.0/2.5 

46703.683 26.10 100 5.000 420   7.00 

47132.334 26.10 100 5.000 - A= 250 0.0/2.5 

47281.143 26.10 100 5.000 - LINEAR 2.50 

47886.787 26.10 100 5.000 - A= 300 0.0/2.5 

48025.248 26.10 100 5.000 650   7.00 

48280.756 26.10 100 5.000 - A= 300 0.0/2.5 

48419.218 26.10 100 5.000 - A= 300 2.5/0.0 

48569.218 26.10 100 5.000 -600   7.00 

49171.583 26.10 100 5.000 -600   7.00 

49389.171 26.10 100 3.912 - A= 300 2.5/0.0 

49471.583 26.10 100 3.500 - A= 300 2.50/1.37 

49539.171 26.10 100 3.500 - LINEAR 2.50 

49845.333 26.10 100 3.500 - LINEAR 2.50 

49958.881 26.10 100 4.068 - A= 250 0.0/2.5 

50083.881 26.10 100 4.693 500   7.00 

50145.333 26.10 100 5.000 500   7.00 

50816.812 26.10 100 5.000 - A= 250 0.0/2.5 

50941.812 26.10 100 5.000 - LINEAR 2.50 

51199.337 26.10 100 5.000 - LINEAR 2.50 

51524.337 26.10 100 3.700 - LINEAR 2.50 

51591.629 26.10 100 3.700 - A= 425 2.5/0.0 

51736.129 26.10 100 3.700 -1250   6.50 

52134.259 26.10 100 3.700 - A= 425 2.5/0.0 
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Coordinate  Road Width  Speed-limit Gradient 
Horizontal 

Radius Obs. 
Superelev

ation 

[m] [m] [km/h] [%] [m]  [%] 

52278.759 26.10 100 3.700 - LINEAR 2.50 

52853.209 26.10 100 3.700 - A= 340 2.5/0.0 

52997.709 26.10 100 3.700 -800   7.00 

53070.652 26.10 100 3.700 -800   7.00 

53889.902 26.10 100 -2.152 -800   7.00 

54112.199 26.10 100 -2.152 -800   7.00 

54255.37 26.10 100 -1.378 - A= 340 2.5/0.0 

54399.87 26.10 100 -0.597 - A= 325 0.0/2.5 

54417.779 26.10 100 -0.500 700   7.00 

54550.763 26.10 100 -0.500 700   7.00 

55192.375 26.10 100 -0.500 700   7.00 

55256.679 26.10 100 -0.959 - A= 325 0.0/2.5 

55407.572 26.10 100 -2.037 - LINEAR 2.50 

55514.436 26.10 100 -2.800 - LINEAR 2.50 

55933.774 26.10 100 -2.800 - LINEAR 2.50 

56091.818 26.10 100 -1.871 - A= 400 2.5/0.0 

56239.849 26.10 100 -1.000 -1000   7.00 

56251.818 26.10 100 -1.000 -1000   7.00 

56878.597 26.10 100 -1.000 -1000   7.00 

57079.674 26.10 100 -2.906 - A= 400 2.5/0.0 

57239.674 26.10 100 -4.239 - LINEAR 2.50 

57294.997 26.10 100 -4.470 - LINEAR 2.50 

57365.755 26.10 100 -4.470 - LINEAR 2.50 

 
 

Table 8:  Geometric characteristics of IP 5 - Solution 2 

Coordinate  
Road 
Width  Speed-limit Gradient 

Horizontal 
Radius Obs. 

Supereleva
tion 

[m] [m] [km/h] [%] [m]  [%] 

41748.325 26.10 100 4.100 - RECTA 2.50 

41813.236 26.10 100 4.100 - A= 325 2.5/0.0 

41964.129 26.10 100 4.100 -700   7.00 

42121.039 26.10 100 4.100 -700   7.00 

42974.853 26.10 100 -3.015 - A= 325 2.5/0.0 

43105.039 26.10 100 -4.100 - A= 325 2.50/2.16 

43125.746 26.10 100 -4.100 - RECTA 2.50 

43326.116 26.10 100 -4.100 - A= 300 0.0/2.5 

43476.116 26.10 100 -4.100 600   7.00 

43644.084 26.10 100 -4.100 600   7.00 

44281.084 26.10 100 5.000 600   7.00 

44758.362 26.10 100 5.000 - A= 300 0.0/2.5 

44908.362 26.10 100 5.000 - RECTA 2.50 
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Coordinate  
Road 
Width  Speed-limit Gradient 

Horizontal 
Radius Obs. 

Supereleva
tion 

[m] [m] [km/h] [%] [m]  [%] 

45654.602 26.10 100 5.000 - A= 260 2.5/0.0 

45804.825 26.10 100 5.000 -450   7.00 

46404.652 26.10 100 5.000 - A= 260 2.5/0.0 

46554.874 26.10 100 5.000 - A= 250 0.0/2.5 

46703.683 26.10 100 5.000 420   7.00 

47132.334 26.10 100 5.000 - A= 250 0.0/2.5 

47281.143 26.10 100 5.000 - RECTA 2.50 

47886.787 26.10 100 5.000 - A= 300 0.0/2.5 

48025.248 26.10 100 5.000 650   7.00 

48280.756 26.10 100 5.000 - A= 300 0.0/2.5 

48419.218 26.10 100 5.000 - A= 300 2.5/0.0 

48569.218 26.10 100 5.000 -600   7.00 

48886.175 26.10 100 5.000 - A= 300 2.5/0.0 

49036.175 26.10 100 5.000 - RECTA 2.50 

49212.268 26.10 100 5.000 - A= 350 0.0/2.5 

49348.379 26.10 100 5.000 900   7.00 

49469.898 26.10 100 5.000 900   7.00 

50110.224 26.10 100 -0.336 - A= 350 0.0/2.5 

50129.898 26.10 100 -0.500 - A= 350 0.36/2.50 

50246.335 26.10 100 -0.500 - RECTA 2.50 

50501.416 26.10 100 -0.500 - A= 350 2.5/0.0 

50637.528 26.10 100 -0.500 -900   7.00 

50645.806 26.10 100 -0.500 -900   7.00 

51008.556 26.10 100 0.951 -900   7.00 

51044.149 26.10 100 0.951 - A= 350 2.5/0.0 

51180.26 26.10 100 0.951 - RECTA 2.50 

51510.482 26.10 100 0.951 - A= 375 2.5/0.0 

51651.107 26.10 100 0.951 -1000   7.00 

51882.806 26.10 100 0.951 - A= 375 2.5/0.0 

52023.431 26.10 100 0.951 - RECTA 2.50 

52122.836 26.10 100 0.951 - RECTA 2.50 

52140.353 26.10 100 0.951 - A= 375 0.0/2.5 

52280.978 26.10 100 0.951 1000   7.00 

52316.47 26.10 100 0.951 1000   7.00 

52561.292 26.10 100 0.601 - A= 375 0.0/2.5 

52631.92 26.10 100 0.500 - A= 375 0.0/2.5 

52701.917 26.10 100 0.500 - A= 650 2.5/0.0 

52924.285 26.10 100 0.500 -1900   5.00 

53030.003 26.10 100 0.500 - A= 650 2.5/0.0 

53252.372 26.10 100 0.500 - RECTA 2.50 

53600.934 26.10 100 0.500 - A= 370 0.0/2.5 
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Coordinate  
Road 
Width  Speed-limit Gradient 

Horizontal 
Radius Obs. 

Supereleva
tion 

[m] [m] [km/h] [%] [m]  [%] 

53735.15 26.10 100 0.500 1020   7.00 

53834.537 26.10 100 0.500 - A= 370 0.0/2.5 

53863.399 26.10 100 0.500 - A= 370 1.96/1.96 

53968.753 26.10 100 1.554 - A= 250 2.5/0.0 

54072.92 26.10 100 2.595 -600   7.00 

54163.399 26.10 100 3.500 -600   7.00 

54524.133 26.10 100 3.500 - A= 250 2.5/0.0 

54628.299 26.10 100 3.500 - RECTA 2.50 

54698.538 26.10 100 3.500 - A= 370 0.0/2.5 

54847.342 26.10 100 3.500 920   7.00 

54918.675 26.10 100 3.500 - A= 370 0.0/2.5 

54989.294 26.10 100 3.500 - A= 370 1.19/2.5 

55067.48 26.10 100 3.891 - RECTA 2.50 

55289.294 26.10 100 5.000 - RECTA 2.50 

55335.854 26.10 100 5.000 - A= 300 2.5/0.0 

55468.207 26.10 100 5.000 -680   7.00 

55565.757 26.10 100 5.000 -680   7.00 

55868.492 26.10 100 2.477 - A= 300 2.5/0.0 

55985.757 26.10 100 1.500 - A= 300 2.50/2.15 

56000.844 26.10 100 1.500 - RECTA 2.50 

56306.494 26.10 100 1.500 - A= 240 2.5/0.0 

56434.494 26.10 100 1.500 -450   7.00 

56476.202 26.10 100 1.500 -450   7.00 

56776.496 26.10 100 -1.002 - A= 240 2.5/0.0 

56904.496 26.10 100 -2.069 - A= 270 0.0/2.5 

56968.202 26.10 100 -2.600 - A= 270 3.49/4.74 

57014.274 26.10 100 -2.600 - A= 270 6.00/6.36 

57032.391 26.10 100 -2.298 570   7.00 

57326.274 26.10 100 2.600 570   7.00 

57347.742 26.10 100 2.600 - A= 270 0.0/2.5 

57475.636 26.10 100 2.600 - A= 110 2.5/0.0 

57524.036 26.10 100 2.600 -250   7.00 

57602.958 26.10 100 2.600 - A= 110 2.5/0.0 

57651.358 26.10 100 2.600 - RECTA 2.50 

57668.41 26.10 100 2.600 - RECTA 2.50 
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Table 9:  Geometric Characteristics of IP 5 – Solution 2 - Alt 

Coordinate  
Road 
Width  Speed-limit Gradient 

Horizontal 
Radius Obs. 

Supereleva
tion 

[m] [m] [km/h] [%] [m]  [%] 

41748.325 26.10 100 4.100 - RECTA 2.50 

41813.236 26.10 100 4.100 - RECTA / A = 325 2.5/0.0 

41964.129 26.10 100 4.100 -700 - 7.00 

42207.171 26.10 100 4.100 -700 - 7.00 

42974.853 26.10 100 -3.577 -700 - 7.00 

43067.171 26.10 100 -4.500 - A = 325 2.88 

43125.746 26.10 100 -4.500 - A = 300 / RECTA 2.5/0.0 

43326.116 26.10 100 -4.500 - RECTA / A = 300 0.0/2.5 

43476.116 26.10 100 -4.500 600 - 7.00 

43556.804 26.10 100 -4.500 600 - 7.00 

44291.804 26.10 100 6.000 600 - 7.00 

44715.051 26.10 100 6.000 600 - 7.00 

44758.362 26.10 100 5.567 600 - 7.00 

44908.362 26.10 100 4.067 - A = 300 / RECTA 2.5/0.0 

45015.051 26.10 100 3.000 - RECTA 2.50 

45459.836 26.10 100 3.000 - RECTA 2.50 

45654.602 26.10 100 4.948 - RECTA / A = 260 2.5/0.0 

45759.836 26.10 100 6.000 - A = 260 4.80 

45804.825 26.10 100 6.000 -450 - 7.00 

46213.793 26.10 100 6.000 -450 - 7.00 

46404.652 26.10 100 4.410 -450 - 7.00 

46513.793 26.10 100 3.500 - A = 260 2.05 

46554.874 26.10 100 3.500 - A = 260 / A = 250 0.00 

46703.683 26.10 100 3.500 420 - 7.00 

46760.911 26.10 100 3.500 420 - 7.00 

47060.911 26.10 100 6.000 420 - 7.00 

47132.334 26.10 100 6.000 420 - 7.00 

47281.143 26.10 100 6.000 - A = 250 / RECTA 0.0/2.5 

47420.670 26.10 100 6.000 - RECTA 2.50 

47570.670 26.10 100 5.000 - RECTA 2.50 

47886.787 26.10 100 5.000 - RECTA / A = 300 0.0/2.50 

48025.248 26.10 100 5.000 650 - 7.00 

48280.756 26.10 100 5.000 650 - 7.00 

48419.218 26.10 100 5.000 - A = 300 / A =300 0.00 

48569.218 26.10 100 5.000 -600 - 7.00 

48868.206 26.10 100 5.000 -600 - 7.00 

48886.175 26.10 100 5.000 -600 - 7.00 

49018.206 26.10 100 6.000 - A = 300 2.5/0.898 

49036.175 26.10 100 5.120 - A = 300 / RECTA 2.5/0.0 

49212.268 26.10 100 6.000 - RECTA / A = 350 0.0/2.5 
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Coordinate  
Road 
Width  Speed-limit Gradient 

Horizontal 
Radius Obs. 

Supereleva
tion 

[m] [m] [km/h] [%] [m]  [%] 

49343.185 26.10 100 6.000 - A = 350 6.73 

49348.379 26.10 100 5.948 900 - 7.00 

49993.185 26.10 100 -0.500 900 - 7.00 

50110.224 26.10 100 -0.500 900 - 7.00 

50246.335 26.10 100 -0.500 - A = 350 / RECTA 0.0/2.5 

50501.416 26.10 100 -0.500 - RECTA / A = 350 2.5/0.0 

50637.528 26.10 100 -0.500 -900 - 7.00 

50646.125 26.10 100 -0.500 -900 - 7.00 

51008.875 26.10 100 0.951 -900 - 7.00 

51044.149 26.10 100 0.951 -900 - 7.00 

51180.260 26.10 100 0.951 - A = 350 / RECTA 2.5/0.0 

51510.482 26.10 100 0.951 - RECTA / A= 375 0.0/2.5 

51651.107 26.10 100 0.951 -1000 - 7.00 

51882.806 26.10 100 0.951 -1000 - 7.00 

52023.431 26.10 100 0.951 - A = 375 / RECTA 0.0/2.5 

52122.836 26.10 100 0.951 - RECTA 2.50 

52140.353 26.10 100 0.951 - RECTA / A = 375 0.0/2.5 

52280.978 26.10 100 0.951 1000 - 7.00 

52316.470 26.10 100 0.951 1000 - 7.00 

52561.292 26.10 100 0.601 1000 - 0.0/2.5 

52631.920 26.10 100 0.500 - A = 375 / RECTA 0.0/2.5 

52701.917 26.10 100 0.500 - A = 375 / A = 650 2.5/0.0 

52924.285 26.10 100 0.500 -1900 - 5.00 

53030.003 26.10 100 0.500 -1900 - 2.5/0.0 

53252.372 26.10 100 0.500 - A = 650 / RECTA 2.50 

53600.934 26.10 100 0.500 - RECTA / A = 370 0.0/2.5 

53735.150 26.10 100 0.500 1020 - 7.00 

53834.537 26.10 100 0.500 1020 - 0.0/2.5 

53863.399 26.10 100 0.500 - A= 370 1.96/1.96 

53968.753 26.10 100 1.554 - A = 370 / A = 250 2.5/0.0 

54072.920 26.10 100 2.595 -600 - 7.00 

54163.399 26.10 100 3.500 -600 - 7.00 

54524.133 26.10 100 3.500 -600 - 2.5/0.0 

54628.299 26.10 100 3.500 - A = 250 / RECTA 2.50 

54698.538 26.10 100 3.500 - RECTA / A = 370 0.0/2.5 

54847.342 26.10 100 3.500 920 - 7.00 

54918.675 26.10 100 3.500 920 - 0.0/2.5 

54989.294 26.10 100 3.500 - A= 370 1.19/2.5 

55067.480 26.10 100 3.891 - A = 370 / RECTA 2.50 

55289.294 26.10 100 5.000 - RECTA 2.50 

55335.854 26.10 100 5.000 - RECTA / A = 300 2.5/0.0 
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Coordinate  
Road 
Width  Speed-limit Gradient 

Horizontal 
Radius Obs. 

Supereleva
tion 

[m] [m] [km/h] [%] [m]  [%] 

55468.207 26.10 100 5.000 -680 - 7.00 

55565.757 26.10 100 5.000 -680 - 7.00 

55868.492 26.10 100 2.477 -680 - 2.5/0.0 

55985.757 26.10 100 1.500 - A = 300 2.50/2.15 

56000.844 26.10 100 1.500 - A = 300 / RECTA 2.50 

56306.494 26.10 100 1.500 - RECTA / A = 240 2.5/0.0 

56434.494 26.10 100 1.500 -450 - 7.00 

56476.202 26.10 100 1.500 -450 - 7.00 

56776.496 26.10 100 -1.002 -450 - 2.5/0.0 

56904.496 26.10 100 -2.069 - A = 240 / A = 270 0.0/2.5 

56968.202 26.10 100 -2.600 - A= 270 3.49/4.74 

57014.274 26.10 100 -2.600 - A= 270 6.00/6.36 

57032.391 26.10 100 -2.298 570 - 7.00 

57326.274 26.10 100 2.600 570 - 7.00 

57347.742 26.10 100 2.600 570 - 0.0/2.5 

57475.636 26.10 100 2.600 - A = 270 / A = 110 2.5/0.0 

57524.036 26.10 100 2.600 -250 - 7.00 

57602.958 26.10 100 2.600 -250 - 2.5/0.0 

57651.358 26.10 100 2.600 - A = 110 / RECTA 2.50 

57668.410 26.10 100 2.600 - RECTA 2.50 

 
 
Driving behaviour data 
In [6] the list of relevant items concerning driving behaviour is given. The 
following default input data files were used: 
- portugal_car.drs, 
- portugal_truck.drs, 
- portugal_truck_tr.drs. 
 
These files contain data of the average speed of the vehicles, as for the 
transversal section of the road and the speed limit of it. The average speeds 
adopted to the project are as follows:  
- car: 110 km/h, 
- truck: 80 km/h, 
- truck with trailer: 80 km/h. 
 
Weather conditions 
Basic parameters (see the default file standard.wea) are: 
- Wind speed: 2.5 m/s, 
- Air temperature: 8 ºC, 
- Air pressure: 1.093 bar, 
- Air moisture: 50%. 
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6. CALCULATIONS 
 
To reach the annual total energy cost of each type of vehicle several steps 
have to be taken, as follows: 
- To calculate the specific energy cost (MJ/10km) for each type of vehicle, 

this value will come directly from VETO, after one put on it the data on 
paragraph 5, 

- Multiply this specific energy for the extension, divided by 10 km of road, 
- Multiply the energy spent by each type of vehicle on that road, for the 

values of the traffic concerning that same type of vehicle, 
- To sum all of the energy cost of all types of vehicles that will use the road, 
- Multiply by 365 days, to get the annual result. 
  
With the values from VETO (MJ/10km) (Table 10), and following the steps as 
before, we get the results shown in tables 11, 12 and 13. 
 
 
7. Results 
 
The results, on table 10 (asphalt-concrete), are from VETO2000 – version 
050809, and come from the introduction of the data on paragraph 5. 
 
 

Table 10:  Values from VETO (asphalt-concrete road surface) 
 Sol 1 Sol 2 Sol 2-alt 
 (MJ/10km) (MJ/10km) (MJ/10km) 

Car 20.0 19.9 19.8 

Truck 98.9 96.4 97.2 

Truck + Trailer 141.4 136.5 135.9 

 
 
 

Table 11:  Solution 1 (asphalt-concrete road surface) 

Section Traffic 
(Veh./day) 

Energy / veh. 
(MJ/10km) 

Energy 
(MJ/day) 

Energy 
(GJ/year) 

Traffic 
(Veh./day) 

Energy / veh. 
(MJ/10km) 

Energy 
(MJ/day) 

Energy 
(GJ/year) 

From - to Length 2010 2020 

(km) (m) Car 

15000 20 468540.0 171017.1 18980 20 592859.3 216393.6 

Truck 

1371 98.9 211767.4 77295.1 2076 98.9 320663.2 117042.1 

Truck with Trailer 

41
+7

48
 -

 5
7+

36
6 

15618 

2577 141.4 569100.9 207721.8 3258 141.4 719491.9 262614.5 
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Table 12:  Solution 2 (asphalt-concrete road surface) 

Section Traffic 
(Veh./day) 

Energy / veh. 
(MJ/10km) 

Energy 
(MJ/day) 

Energy 
(GJ/year) 

Traffic 
(Veh./day) 

Energy / 
veh. 

(MJ/10km) 

Energy 
(MJ/day) 

Energy 
(GJ/year) 

From - to Length 2010 2020 

(km) (m) Car 

17515 19.9 461896.5 168592.2 22330 19.9 588875.1 214939.4 

Truck 

1525 96.4 194817.7 71108.4 1924 96.4 245789.6 89713.2 

Truck with Trailer 41
+7

48
 -

 5
5+

00
0 

13252 

2826 136.5 511194.6 186586.0 3578 136.5 647223.7 236236.7 

Car 

14234 19.9 75572.9 27584.1 18688 19.9 99220.6 36215.5 

Truck 

1350 96.4 34721.4 12673.3 1772 96.4 45575.0 16634.9 

Truck with Trailer 

55
+0

00
 -

 5
7+

66
8 

2668 

2507 136.5 91300.4 33324.7 3292 136.5 119888.7 43759.4 
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Table 13:  Solution 2-Alt. (asphalt-concrete road surface) 

Section Traffic 
(Veh./day) 

Energy / veh. 
(MJ/10km) 

Energy 
(MJ/day) 

Energy 
(GJ/year) 

Traffic 
(Veh./day) 

Energy / 
veh. 

(MJ/10km) 

Energy 
(MJ/day) 

Energy 
(GJ/year) 

From - to Length 2010 2020 

(km) (m) Car 

17515 19.8 459575.4 167745.0 22330 19.8 585916.0 213859.3 

Truck 

1525 97.2 196434.4 71698.6 1924 97.2 247829.4 90457.7 

Truck with Trailer 41
+7

48
 -

 5
5+

00
0 

13252 

2826 135.9 508947.6 185765.9 3578 135.9 644378.8 235198.2 

Car 

14234 19.8 75193.1 27445.5 18688 19.8 98722.0 36033.5 

Truck 

1350 97.2 35009.5 12778.5 1772 97.2 45953.2 16772.9 

Truck with Trailer 

55
+0

00
 -

 5
7+

66
8 

2668 

2507 135.9 90899.1 33178.2 3292 135.9 119361.7 43567.0 

 
 
 

Table 14:  Annual Energy use (asphalt-concrete road surface). 
 Annual Energy Use Annual Energy Use 
 2010 (GJ / Year) 2020 (GJ / Year) 
Solution 1 456034.0 596050.2 
Solution 2 499868.7 637499.1 
Solution 2-Alt 498611.6 635888.8 
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8. Conclusion 
 
Analysing the results of the energy use, as for the construction phase as well 
as during the utilization of the road, we may take the conclusion that, keeping 
the horizontal geometry characteristics, the ones of Solutions 2 and 2Alt in 
this particular case, we may reach a compromise in terms of the vertical 
characteristics, in which making a little change on the parameters, we can 
take benefits in terms of the energy use for the short (construction), as for the 
long term (utilization). 
 
From this analysis we may come to the conclusion that there is a big potential 
of energy economy, which must be taken into account in the construction 
phase as well as in the utilization/exploration phase. 
 
There is also a huge variety of possibilities to influence the energy efficiency 
in driving by the geometry characteristics of the road. We may, in the study 
and project phase, analyse and consider which type of energy compromise 
we want to adopt.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Engivia 
Lisbon, 
October 2005 
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Swedish Veto Results: 
 
Energy Use for Road traffic on Swedish Routes: 
 
Swedish road: Energy GJ per year/km, bridge 
Surface* 2010 2020 
 LDV HDV HDV+tr Total LDV HDV HDV+tr Total 
Cem.concr. 5441 1222 1968 8631 6474 1444 1964 9882 
SMA 5472 1232 1977 8680 6510 1456 1973 9939 
Asph.concr. 5502 1241 1987 8730 6546 1466 1983 9995 
* Cem.concr, TD=0,5 mm;SMA, TD=1,2 mm; Asph.concr., TD=1,8 mm 
 
Swedish road: Energy GJ per year/km, tunnel 
Surface* 2010 2020 
 LDV HDV HDV+tr Total LDV HDV HDV+tr Total 
Cem.concr. 5441 1232 1957 8630 6474 1456 1951 9880 
SMA 5472 1241 1974 8686 6510 1466 1967 9944 
Asph.concr. 5502 1250 1987 8739 6546 1477 1981 10004 
* Cem.concr, TD=0,5 mm;SMA, TD=1,2 mm; Asph.concr., TD=1,8 mm 
 
Swedish road: Energy GJ per year/km, bridge. Speed limit reduction 
Speed 
limit 2010 2020 
 LDV HDV HDV+tr Total LDV HDV HDV+tr Total 
90 km/h 5472 1232 1977 8680 6510 1456 1973 9939 
70 km/h 5109 1163 1979 8250 6078 1375 1975 9427 
% -6,6 -5,6 0,1 -5,0 -6,6 -5,6 0,1 -5,1 
 
Swedish road: Energy GJ per year/km, tunnel. Speed limit reduction 
Speed 
limit 2010 2020 
 LDV HDV HDV+tr Total LDV HDV HDV+tr Total 
90 km/h 5472 1241 1974 8686 6510 1466 1967 9944 
70 km/h 5139 1177 1963 8280 6114 1392 1957 9463 
% -6,6 -5,6 0,1 -5,0 -6,6 -5,6 0,1 -5,1 
 
Swedish road: Energy GJ per year/km, bridge. Speed limit reduction 
Gradient 2010 2020 
Promille LDV HDV HDV+tr Total LDV HDV HDV+tr Total 
Base 5472 1232 1977 8680 6510 1456 1973 9939 
         
Max 30  5472 1223 1977 8672 6510 1446 1973 9928 
% 0 -0,71 0 -0,10 0 -0,71 0 -0,10 
         
Max 20 5441 1203 1911 8555 6474 1421 1907 9802 
% -0,6 -2,4 -3,3 -1,4 -0,6 -2,4 -3,3 -1,4 
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Project Progress Reports  
 
The following reports were submitted at the 6, 12 and 18 month stages and on 
completion of the project, for inclusion on the IntellEbase database. 
 
 
6 month summary: 
 
During the first Partners Meeting in Tramore, Co. Waterford, it was decided to form 
four work groups in the areas of Roads, Geology/Geotech, Energy and Software. In 
addition to the Partners Meetings, each of the workgroups has held several 
meetings. The following is a brief summary of work carried out during the first six 
months of the project. 
 
The main materials used in Road Construction, Maintenance and Operation were 
analysed. It was decided that the energy evaluation would be broken up into two 
parts; (i) the energy used by the machinery and (ii) the energy embodied in the 
materials used. Several site visits have been undertaken in order to assess the 
energy requirements in aggregate and bitumen production.  
 
Geotechnical reports on each of the five routes were studied. A list of geomaterials 
for each road was drawn up. Three classifications of geomaterials have been drawn 
up based on the effort required to excavate them: Type A is defined as geomaterial 
that can be dug up using an excavator, Type B requires ripping before excavation 
and Type C requires blasting before excavation.  
 
An evaluation of all the actions necessary to construct a road e.g. earthworks, 
pavement construction, bridges etc. has been carried out. Data from each country 
was assessed and a table on all the actions necessary to construct a road was 
finalized at the Paris meeting in March 2004. The plant used for each action and the 
output per hour of each item of plant was defined. The energy usage of each unit of 
action on road construction was then calculated. This was compared between each 
country. The energy usage in the construction of each route option in each of the 
roads in each country was calculated.  
 
The energy usage of the vehicles using each route option needs to be evaluated. A 
number of software packages for modelling traffic operation on a road were 
evaluated and VTI’s VETO program was chosen.  
The design of the software that will allow energy usage to be integrated into road 
design is progressing. 
 
 
6-12 month summary: 
 
This report gives a summary of the work carried out during the second 6 months of 
the project. 
Several more site visits were undertaken, to evaluate the embodied energy in the 
production of soft rock aggregate and hard rock aggregate. An evaluation of the fuel 
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consumed by the machinery to extract, process and stockpile the aggregates has 
been calculated. The total added energy per tonne of bitumen produced has been 
calculated. Therefore the Total Energy embodied in the materials used for the road 
construction in each country has been evaluated.  Calculations on the energy 
consumption variation between the excavation of soft/medium/hard aggregates are 
underway.  
 
All details for the energy usage operations spreadsheet have now been evaluated. 
The co-ordinators for each route have completed the details of the plant list, plant 
description, daily output and total output for their road construction. The road 
construction is broken into six sectors: drainage, services, earthworks, pavements, 
road markings & traffic signs and structures. The fuel consumed by the machinery 
per hour has been researched. The fuel consumption per unit, energy per unit and 
total energy per sector has been calculated. The total energy per sector has been 
compared across the five roads and the various route options.  
 
The energy consumed by the vehicles on the five roads and route options was 
evaluated. The VETO software was used to calculate the vehicle fuel consumption 
predictions for the various route options of the five roads. 
Areas where there is a potential for energy conservation in road construction are 
being evaluated. 
 
Work has also continued on the design of the software that will allow energy usage to 
be integrated into road design. 
 
 
18 month summary: 

 
This report gives a summary of the work carried out during the 12 – 18 month phase 
of the project. 
 
The energy used by vehicles on each of the routes was analysed using the Veto 
software. For this project, traffic using the roads was split into three categories: cars, 
trucks and trucks with trailers. Road geometry, road surface, road surface conditions, 
meteorological conditions, vehicle details and driving behaviour were input into the 
Veto program. The energy usage per kilometre for a car, a truck and a truck with 
trailer on each of the routes was evaluated. From the Veto results, it was possible to 
compare the average amount of energy used on single carriageways, dual 
carriageways and motorways. From the current traffic volumes for each road, the 
predicted traffic volumes for the years 2010 and 2020 were evaluated. Using these 
volumes, the predicted energy usage per road for the years 2010 and 2020 was 
calculated.  
 
Various input parameters were changed on the routes to evaluate the impact on the 
energy usage. The gradient, speed limits and type of road surfacing were changed 
for several of the routes and the resulting energy values were compared to the 
original values. From this, it was seen where potential energy savings could be made 
in road operation.  
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A route selection matrix was produced for each country, showing the relative 
rankings of the different routes in terms of various environmental criteria, including 
energy. 
 
Work has continued on the design of the software that will allow energy usage to be 
integrated into road design and is now almost complete. 
 
The dissemination of the results of the project is now being addressed. Brochures will 
be produced detailing the findings of the project. It is also planned to use websites, 
conferences and the media to advertise the project. 
 
 
Final summary: 
 
This report gives a summary of the results of the project ‘Integration of the 
Measurement of Energy Usage into Road Design’.  
 
The energy used in the construction of roads was calculated in terms of off-site 
materials (the energy required to produce materials such as aggregate, concrete, 
bitumen etc.) and in terms of on-site placement (the energy required to excavate, 
transport, lay, etc). The energy used by vehicles on each route was calculated using 
the Veto program. Road geometry, road surface, road surface conditions, 
meteorological conditions, vehicle details and driving behaviour were input into the 
Veto program and the energy used per vehicle on each route was determined. 
Predicted traffic data was supplied by each country and the total vehicle energy per 
road over a lifetime of 20 years was calculated for each of the five routes selected for 
this study. 
 
The table below provides details of the construction and operational energy for each 
route option: 
 

Route 
 

Road Type 
 

Length 
(km) 

 

Construction Energy 
(TJ/km) 

Total Vehicle 
Energy per kilometre 
2010 – 2029 (TJ/km) 

Czech 1 Dual Carriageway 16.73 33.41 365 
Czech 2 Dual Carriageway 16.00 23.79 516 
France Est Single Carriageway 13.45 6.90 69 
France G. Est Single Carriageway 16.60 6.31 66 
France West Single Carriageway 12.53 7.00 113 
France G. West Single Carriageway 12.79 7.73 109 
Ireland 1 Single Carriageway 12.57 7.63 125 
Ireland 2 Single Carriageway 12.37 7.82 136 
Ireland 3 Single Carriageway 11.43 8.17 134 
Ireland 4 Single Carriageway 11.45 7.78 142 
Ireland 5 Single Carriageway 13.13 7.07 175 
Portugal 1 Dual Carriageway 15.60 30.02 821 
Portugal 2 Dual Carriageway 15.90 29.88 710 
Sweden Dual Carriageway   5.70 22.57 191 
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On average, the energy used by the vehicles on the roads over a 20 year period is 
approximately 18 times greater than the energy used in the road construction.  
 
In the case of Ireland, it can be seen that the Total Vehicle Energy per kilometre over 
the scheme lifetime may vary from 125 TJ to 175 TJ. By expending an additional 
0.56 TJ/km during construction, possible savings of 50 TJ/km or 29% may be 
realised during operation. If the same assessment is undertaken for the other 
schemes, there are possible savings of: 151 TJ or 29% for the Czech Republic; 47 
TJ or 42% for France and 111 TJ or 14% for Portugal.  
 
As a result of this project, the JouleSAVE software was developed, which is designed 
to operate in conjunction with Bentley MX (ROAD). The JouleSAVE plugin will enable 
engineers to automatically quantify the energy requirements for all phases of road 
construction and to analyse the energy usage of vehicles on the road. Comparisons 
may then be made between construction energy use and vehicle operation energy 
use to select the optimum design in terms of overall energy use. Although much 
research work has been carried out for this project, further assessments should be 
made using data from a larger number of roads. An application has been made to the 
European Commission for funding to enable further research to be undertaken in this 
area.    
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Integration of the Measurement of Energy Usage into Road Design 
National University of Ireland, Dublin  

IERD SAVE 2002 – 091 Project Report No. 1 

February 2004 
 

1. Commence work on Work Package 1.2, for completion by 31st March  
 2004.   

   Progress: 
This work package involves carrying out an evaluation of all the actions 
necessary to construct a road e.g. excavation of a unit of clay, transport of a 
unit of clay, spreading of a unit of clay etc.  The energy used in each of these 
actions will then be determined.  A number of site visits have been undertaken 
& others are planned in order to determine all the actions necessary to 
construct a road. 
A meeting between NUID and Ameseixal in Portugal has been arranged for 
the 15th March.  This meeting will discuss the progress to date of Work 
Package 1:2 and the outcome of the Second Road Workgroup Meeting, 
scheduled for the 1st March.   

Actions completed: 
As aggregates and bitumen are the primary materials required to build a road, 
a site visit to an aggregate quarry and bitumen terminal was undertaken.  The 
fuel consumption of the various machinery involved in aggregate production 
was recorded.  Shell Limited has provided some data regarding the energy 
requirements in bitumen production. 

Actions Underway:  
A report is being compiled on the two site visits to date and the fuel 
consumption values are being entered into a database.  
  
Tasks Outstanding: 
Other site visits are planned, in order to determine all the actions, and 
associated energy, necessary to construct a road.   
Energy calculations must be performed on data gathered.  A literature review 
must be undertaken to establish energy values that cannot be easily obtained 
through site visits. 
 
Dependencies on Other Project Members: 
Waiting for the outcome of the Second Road Workgroup Meeting (1st March) 
to establish what materials, machinery, road building activities need to be 
evaluated, and their energy significance rating. 
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2. Commence work on Work Package 1.5. 

Progress: 
This work package will update the evaluation of the energy usage of the 
vehicles that will be using each route option.  Due to project time constraints, it 
was proposed that the Energy Workgroup would select a pre-existing software 
package for modelling traffic operation on a road.  A number of packages were 
discussed, including the VTI’s VETO 2000 program, the CE-CERT’s CMEM 
model, and the World Bank’s HDM program.   

Actions completed: 
All parties of the Energy Workgroup have been provided with an electronic 
copy of the CE-CERT’s CMEM vehicle software for evaluation.   

Actions Underway:  
Assessment of the CE-CERT’s CMEM vehicle software is on going.   
Tasks Outstanding: 
Arrange a meeting between NUID and VTI in Sweden to become familiar with 
the VETO Vehicle Software. 

 
3. As Leader of the Energy Workgroup, ensure all parties are informed of  
 updates and are aware of their individual remits. 
 

Progress: 
Minutes of the First Energy Workgroup have been prepared and sent to all 
members of the Energy Workgroup, Bentley and Waterford County Council 
(Phase Leader).  All correspondence is being dealt with. 
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Integration of the Measurement of Energy Usage into Road Design 
National University of Ireland, Dublin  

IERD SAVE 2002 – 091 Project Report No. 2 
 

March 2004 
 

1. A meeting between NUID, Ameseixal and ENGIVIA took place in  
 Lisbon at the ENGIVIA Offices on the 15th March.   

   Progress: 
This meeting dealt with the progress to date of Work Package 1:2 and the 
outcome of the Second Road Workgroup Meeting held on the 1st March in 
Paris. The ‘Energy Usage Operations’ Excel Sheet generated at that meeting 
formed the basis of the discussions. It was also decided that the energy 
evaluation would be broken up into two parts; the energy used by (i) the 
machinery and the energy embodied in (ii) the materials used.   

Actions completed: 
Ricardo Pereira provided most of the details on the Plant (Description and 
Quantity) and the Total Daily Output for the Portuguese Road 1P5.  From this 
information, an initial energy evaluation of the machinery for the road 
construction phase was performed.   
A number of suggested changes to the ‘Energy Usage Operations’ Excel 
Sheet were made.  Ricardo is to inform the Roads Workgroup of these 
changes. 

Actions Underway:  
NUID has already completed a site visit of an Aggregate Quarry and a 
Bitumen Terminal.  Energy usage values measured during these site visits will 
be used to calculate the LCA of aggregates and bitumen, which are the most 
important materials used in road construction.  A literature review must be 
performed in order to determine the energy embodied in the other main road 
construction materials. 
 
Tasks Outstanding: 
An energy evaluation for machinery and materials the road construction, 
operation, and maintenance must be performed for each road project. 
 
Dependencies on Other Project Members: 
Ricardo is to provide NUID and Ameseixal with further information on the 
Portuguese Road 1P5.  We are still awaiting the details on ‘Plant Description 
and Quantity’ and ‘Total Daily Output’ from the other road projects.  Once 
these have been submitted a full energy evaluation can be made for each 
road project. 
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2. Life Cycle Analysis of Materials used in Road Construction,  
 Maintenance and Operation- Work Package 1:2 

Progress: 
A Life Cycle Analysis of the main materials used in Road Construction, 
Maintenance, and Operation must be performed.  Site visits and literature 
reviews will be used in order to determine the embodied energy for each 
material used. 

Actions completed: 
A report has been compiled on the site visits to an Aggregate Quarry and a 
Bitumen Terminal and the fuel consumption values have been entered into a 
database. 

Actions Underway:  
Energy usage values measured during these site visits will be used to 
calculate the LCA of aggregates and bitumen, which are the most important 
materials used in road construction.   
Tasks Outstanding: 
A literature review must be performed in order to determine the energy 
embodied in the other main road construction materials. 

 
3. Vehicle Software Selection-Work Package 1.5. 

Progress: 
This work package will update the evaluation of the energy usage of the 
vehicles that will be using each route option.  Due to project time constraints, it 
was proposed that the Energy Workgroup would select a pre-existing software 
package for modelling traffic operation on a road.  A number of packages were 
discussed, including the VTI’s VETO 2000 program, the CE-CERT’s CMEM 
model, and the World Bank’s HDM program.   

Actions completed: 
A meeting between NUID and VTI in Sweden is to be held between the 13th 
and 23rd of April to become familiar with the VETO Vehicle Software and to 
commence required modifications to the software.  Jaap de Boer from Bentley 
Solutions is to join us on the first two days in order to evaluate the VETO 
software.



NUID Project Reports 
  
   

NUID Project Report No.3                                                                    IERD SAVE 2002 – 091 
 
                                                                   

 

Integration of the Measurement of Energy Usage into Road Design 
National University of Ireland, Dublin  

IERD SAVE 2002 – 091 Project Report No. 3 
 
April 2004 

 
2. Third Energy Workgroup Meeting between NUID, VTI and Bentley  
 Solutions at the VTI Offices, Sweden on the 14th & 15th April.         

   Progress: 
This meeting dealt with the progress to date of Work Package 1:5 and its 
influence on 1:6 Work Package.  This WP 1:5 is concerned with the evaluation 
of the energy usage of the vehicles that will be using each route option for the 
design period of the road for each of the five selected roads.  The main aim of 
the meeting was to assess VTI’s vehicle software program, VETO. 

Actions completed: 
Ulf Hammarström informed the group that the VETO program could be used 
without any restrictions for the purposes of the project, if that was the wishes 
of the partners.  An initial demonstration of the VETO program was given to 
become familiar with the programs features and limitations.  This also gave the 
opportunity to assess the user interface.  It was suggested that the program 
must be easy to use once combined with the MX Road Package.  If this is not 
the case, then perhaps the energy evaluation function would not be used, or 
else used incorrectly. 
This was followed by a presentation of the MX Road package by Jaap de 
Boer.  This demonstration provided much thought for discussion on how the 
vehicle software program will be integrated into the MX Road program.  The 
limitations of the MX Road program were also discussed.   
(Note: For further details please consult the Minutes of Third Energy 
Workgroup Meeting.)  

Actions Underway:  
Bentley Solutions are concerned that the program may not be usable for 
various reasons.  Jaap de Boer was given a copy of the program and the code 
for further assessment at the Bentley offices.     
 
Tasks Outstanding: 
As outlined at the First Energy Workgroup Meeting, the selected vehicle 
software program must meet certain requirements.  The program must be able 
to evaluate the vehicle energy usage for a wide range of road and vehicle 
aspects.  It was decided that this was to be evaluated during the practical 
assessment period after the two day meetings.  A practical assessment of the 
VETO program is to be undertaken between the 16th and 22nd of April by VTI 
and NUID also at the VTI’s offices. 
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3. Life Cycle Analysis of Materials used in Road Construction,  
 Maintenance and Operation- Work Package 1:2 

Progress: 
A Life Cycle Analysis of the main materials used in Road Construction, 
Maintenance, and Operation must be performed.  Site visits and literature 
reviews will be used in order to determine the embodied energy for each 
material used. 

Actions completed: 
The Caterpillar Inc. ‘Production Manual SPBD 0343’ (Edition 33, Press USA, 
October 2002) has been attained from Mac Cormick Mac Naughton, Ireland 
and this will be used as the main reference source for machinery data for 
energy calculations.  This catalogue details the fuel consumption per hour 
(litres/hr) of all major road building machinery. 

Actions Underway:  
Energy usage values measured during these site visits will be used to 
calculate the LCA of aggregates and bitumen, which are the most important 
materials used in road construction.  
  
Tasks Outstanding: 
The energy evaluation and comparison for the four of the five EU roads has 
yet to be determined (Work Package 1:3 & Work Package 1:4). 
 
Dependencies on Other Project Members: 
Information on materials and machinery used in the construction of the road 
projects in the following countries has yet to be provided: Ireland, France, 
Sweden and the Czech Republic.  Most of the information for the Portuguese 
route has been made available, however there is some data still required.  The 
energy evaluation and comparison of the five EU roads can not be determined 
(Work Package 1:3 & Work Package 1:4) until this information on materials 
and machinery is known. 
 

 
4. Vehicle Software Selection-Work Package 1.5. 

Progress: 
This work package will update the evaluation of the energy usage of the 
vehicles that will be using each route option.  Due to project time constraints, it 
was proposed that the Energy Workgroup would select a pre-existing software 
package for modelling traffic operation on a road.  A number of packages were 
discussed, including the VTI’s VETO 2000 program, the CE-CERT’s CMEM 
model, and the World Bank’s HDM program.   
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Actions completed: 
A practical assessment of the VETO program is to be undertaken between the 
16th and 22nd of April by VTI and NUID also at the VTI’s offices.  The outcome 
of this assessment will be detailed in NUID’s Project Report No.4. 
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Integration of the Measurement of Energy Usage into Road Design 
National University of Ireland, Dublin  

IERD SAVE 2002 – 091 Project Report No. 4 
 

May 2004 
 

1. Life Cycle Analysis of Materials used in Road Construction,  
 Maintenance and Operation- Work Package 1:2 

Progress: 
A Life Cycle Analysis of the main materials used in Road Construction, 
Maintenance, and Operation must be performed.   

Actions completed: 
The Energy Evaluation for the Portuguese Road Design has been completed.  
At a meeting of the Irish Partners on the 17th May, it was decided to analyse 
the energy required to excavate soft/medium/hard rock.  This analysis has 
been completed for limestone, which is to be taken as the medium rock type.  

Actions Underway:  
The ‘Energy Usage Operations’ Spreadsheets have been obtained for the 
French and Irish Road Designs.  The energy evaluation for these routes is 
being undertaken. 
 
Tasks Outstanding: 
The energy evaluation for the Czech Republic and Swedish road projects has 
yet to be determined (Work Package 1:3 & Work Package 1:4)-awaiting 
delivery of the ‘Energy Usage Operations’ Spreadsheets. 
Site visits to a soft and hard rock quarry must be undertaken to determine the 
excavation energy required.  It is hoped that both Irish and Swedish quarries 
can be used in the evaluation. 
 
Dependencies on Other Project Members: 
Information on materials and machinery used in the construction of the Czech 
Republic and Swedish road projects has yet to be provided.  Most of the 
information for the Portuguese route has been made available, however there 
is some data still required.  The energy evaluation and comparison of the five 
EU roads can not be determined (Work Package 1:3 & Work Package 1:4) 
until this information on materials and machinery is known. 
 

2. Vehicle Software Selection – Work Package 1.5 
 

Progress: 
This work package will update the evaluation of the energy usage of the 
vehicles that will be using each route option.  Due to project time constraints, it 
was proposed that the Energy Workgroup would select a pre-existing software 
package for modelling traffic operation on a road.  A number of packages were 
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discussed, including the VTI’s VETO 2000 program, the CE-CERT’s CMEM 
model, and the World Bank’s HDM program.   

Actions completed: 
A practical assessment of the user interface of the VETO program has been 
completed.   

Actions Underway:  
An assessment of the Fortran Source Code and the overall suitability of the 
program for the project are underway. 
 
Dependencies on Other Project Members: 
Awaiting a report from Bentley on whether the VETO Program can be used for 
the SAVE project. 

 
 



NUID Project Reports 
  
   

NUID Project Report No.5                                                                    IERD SAVE 2002 – 091 
 
                                                                    

   

Integration of the Measurement of Energy Usage into Road Design 
National University of Ireland, Dublin  

IERD SAVE 2002 – 091 Project Report No. 5 
 

June 2004 
 

1. Life Cycle Analysis of Materials used in Road Construction,  
 Maintenance and Operation – Work Package 1:2 

Progress: 
A Life Cycle Analysis of the main materials used in Road Construction, 
Maintenance, and Operation must be performed.   

Actions completed: 
At a meeting of the Irish Partners on the 17th May, it was decided to analysis 
the energy required to excavate soft/medium/hard rock.  A site visit to a soft 
rock quarry, Roadstone's Dunbell Quarry, was undertaken to evaluate the 
embodied energy in the production of a soft rock aggregate.  The magnesium 
limestone excavated at the quarry has a Polish Stone Value of 44, which is 
typical of the P.S.V of aggregates used in Europe.   This analysis has already 
been completed for a dolomite limestone, which is to be taken as the medium 
rock type.  

Actions Underway:  
The ‘Energy Usage Operations’ Spreadsheets have been obtained for the 
French and Irish Road Designs.  The energy evaluation for these routes is 
being undertaken.  At a meeting of the Irish Partners on the 18th June, the 
large variance between the Irish, French and Portuguese energy usage values 
for the different operations in road construction was discussed.  These 
discrepancies are to be discussed further at the Second Partners Meeting in 
Sweden on the 1st July.  
 
Tasks Outstanding: 
The energy evaluation for the Czech Republic and Swedish road projects has 
yet to be determined (Work Package 1:3 & Work Package 1:4)-awaiting 
delivery of the ‘Energy Usage Operations’ Spreadsheets. 
Site visits to a hard rock quarry must be undertaken to determine the 
excavation energy required.  A site visit to a Swedish hard rock quarry in 
Linkoping has been organised for the 2nd July.   
 
Dependencies on Other Project Members: 
Information on materials and machinery used in the construction of the Czech 
Republic and Swedish road projects has yet to be provided. The energy 
evaluation and comparison of the five EU roads cannot be determined (Work 
Package 1:3 & Work Package 1:4) until this information on materials and 
machinery is known. 
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3. Vehicle Software Selection-Work Package 1.5. 

Progress: 
This work package will update the evaluation of the energy usage of the 
vehicles that will be using each route option.  Due to project time constraints, it 
was proposed that the Energy Workgroup would select a pre-existing software 
package for modelling traffic operation on a road.  A number of packages were 
discussed, including the VTI’s VETO 2000 program, the CE-CERT’s CMEM 
model, and the World Bank’s HDM program.   

Actions completed: 
A practical assessment of the user interface of the VETO program has been 
completed and NUID are recommending that it should be selected as the 
vehicle software package for the Project.  Bentley has completed an 
assessment of VETO.  The assessment of the Fortran Source Code proved 
positive. However Bentley had some issues with the translation of Swedish 
comment lines within the code and lack of documentation.   The required 
English documentation has subsequently been forwarded to Bentley by NUID.   

Actions Underway:  
Bentley is to reassess the VETO program. 
 
Dependencies on Other Project Members: 
The vehicle software selection must be discussed further on the 1st and 2nd 
July in Sweden. 
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Integration of the Measurement of Energy Usage into Road Design 
National University of Ireland, Dublin  

IERD SAVE 2002 – 091 Project Report No. 6 
 
July 2004 

 
1. Second Partners Meeting-VTI Offices, Sweden 

The Second Partners Meeting took place on the 1st and 2nd July at the VTI 
offices in Sweden.  Site visits to the site of the Swedish road construction 
project and a hard rock quarry were undertaken.  An Energy Workgroup 
Meeting was held on the second day of the meetings. 
 

2. Life Cycle Analysis of Materials used in Road Construction, Maintenance 
and Operation- Work Package 1:2 

Progress: 
A Life Cycle Analysis of the main materials used in Road Construction, 
Maintenance, and Operation must be performed.   

Actions completed: 
At a meeting of the Irish Partners on the 17th May, it was decided to analysis 
the energy required to excavate soft/medium/hard rock.  On the 12th July, a 
site visit to a hard rock quarry, Roadstone's Parnell Quarry in Arklow, was 
undertaken to evaluate the embodied energy in the production of a hard rock 
aggregate.  A hard basalt rock is extracted at the site.  The rock has a Polish 
Stone Value of 52/55 & Rock Hardness (10% Finds) of 390 kN.    

Actions Underway:  
Calculations on the energy consumption variation between the excavation of 
soft/medium/hard aggregates are underway.   
 
Tasks Outstanding: 
Still awaiting final energy figures from the soft and hard rock quarries. 
 
Dependencies on Other Project Members: 
Information on materials and machinery used in the construction of the Czech 
Republic and Swedish road projects has yet to be provided. The energy 
evaluation and comparison of the five EU roads cannot be determined (Work 
Package 1:3 & Work Package 1:4) until this information on materials and 
machinery is known. 
 

3. Vehicle Software Selection-Work Package 1.5. 

Progress: 
This work package will update the evaluation of the energy usage of the 
vehicles that will be using each route option.  Due to project time constraints, it 
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was proposed that the Energy Workgroup would select a pre-existing software 
package for modelling traffic operation on a road.   

Actions completed: 
At the 2nd Partners Meeting it was decided that VETO would be chosen as the 
vehicle software package for the project. 

Actions Underway:  
The co-ordinators of the five roads have been asked to provide details on the 
road geometry of each route option.  The VETO software will be used to 
calculate the vehicle fuel consumption predictions for the five roads and the 
various routes options. 
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Integration of the Measurement of Energy Usage into Road Design 
National University of Ireland, Dublin  

IERD SAVE 2002 – 091 Project Report No. 7 
 
August/September 2004 

 
1. Presentation of Results to Date at the Irish National Roads Authority 

(NRA) Annual Conference, 30th September, Galway. 

Progress: 
In conjunction with Ray Butler (Tramore Design Office) a presentation giving a 
summary of the SAVE Project and its initial finds was made to the NRA at their 
Annual Conference.   
 

2. Life Cycle Analysis of Materials used in Road Construction, Maintenance 
and Operation- Work Package 1:2 

Progress: 
A Life Cycle Analysis of the main materials used in Road Construction, 
Maintenance, and Operation must be performed.   

Actions completed: 
At a meeting of the Irish Partners on the 17th May, it was decided to analyse 
the energy required to excavate soft/medium/hard rock.  On the 12th July, a 
site visit to a hard rock quarry, Roadstone's Parnell Quarry in Arklow, was 
undertaken to evaluate the embodied energy in the production of a hard rock 
aggregate.  A hard basalt rock is extracted at the site.  The rock has a Polish 
Stone Value of 52/55 & Rock Hardness (10% Finds) of 390 kN.    

Actions Underway:  
Calculations on the energy consumption variation between the excavation of 
soft/medium/hard aggregates are underway.   
 
Tasks Outstanding: 
Still awaiting final energy figures from the soft and hard rock quarries. 
 
Dependencies on Other Project Members: 
Information on materials and machinery used in the construction of the Czech 
Republic and Swedish road projects has yet to be provided. The energy 
evaluation and comparison of the five EU roads cannot be determined (Work 
Package 1:3 & Work Package 1:4) until this information on materials and 
machinery is known. 
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3. Vehicle Software Selection-Work Package 1.5. 

Progress: 
This work package will update the evaluation of the energy usage of the 
vehicles that will be using each route option.  Due to project time constraints, it 
was proposed that the Energy Workgroup would select a pre-existing software 
package for modelling traffic operation on a road.   

Actions completed: 
At the 2nd Partners Meeting it was decided that VETO would be chosen as the 
vehicle software package for the project.  Three vehicle types have been 
defined; Heavy vehicle with trailer, heavy vehicle and light petrol vehicle. Each 
vehicle using the road must be entered into one of these categories.  

Actions Underway:  
The co-ordinators of the five roads have been asked to provide details on the 
road geometry of each route option.  The VETO software will be used to 
calculate the vehicle fuel consumption predictions for the five roads and the 
various routes options. 
 
Tasks Outstanding: 
The MX VETO interface must be defined; the inputs and outputs to both 
programs need to be established. 
 
Dependencies on Other Project Members: 
The co-ordinators of the five route options must provided details of the road 
geometry before evaluation of the energy used by the vehicles on the road 
can be established. 
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Integration of the Measurement of Energy Usage into Road Design 
National University of Ireland, Dublin  

IERD SAVE 2002 – 091 Project Report No. 8 
 
October/November 2004 

 
1. Attended MX Road training programme at the Bentley European 

Headquarters in Amsterdam, 7th & 8th of October. 
Received introductory training to the MX Road Package.  This will serve as a 
basis to understanding the capabilities of the software with respect to desired 
project outputs. It also furthered the thought process on how VETO and MX 
Road will interact. 
 

2. Life Cycle Analysis of Machinery used in Road Construction-Work 
Package 1:2 

 
 Progress: 

The fuel consumed by the machinery in the road construction phase, and 
hence the energy used, must be evaluated.   
  
Actions completed: 
A spreadsheet entitled ‘Energy Usage Operations’ has been generated. The 
co-ordinators for each route option have completed the details of the plant list, 
plant description, daily output and total output for their road construction. The 
road construction is broken into six sectors; drainage, services, earthworks, 
pavements, road markings & traffic signs and structures. The fuel consumed 
by the machinery per hour has been researched. As far as possible, the 
technical specifications for Caterpillar machinery were used in calculations. 
The Fuel Consumption per Unit, Energy per Unit, Total Energy MJ/Unit, and 
Total Energy per Sector (TJ/Sector) have been calculated. The Total Energy 
per Sector has been compared across the five roads and the various route 
options. 

Road & Route Option Total Energy (TJ) 
Czech Republic 1 513.62 
Czech Republic 2 198.87 

Ireland 0.00 
Sweden 120.39 
France 0.00 

Portugal 1 424.03 
Portugal2 429.51 

 
 
Tasks Outstanding: 
Still awaiting figures from the Irish and French roads in order to complete the 
Total Energy per Sector and Total Energy for the road options.  
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3. Life Cycle Analysis of Materials used in Road Construction-Work 
Package 1:2 

Progress: 
A Life Cycle Analysis of the main materials used in Road Construction must be 
performed.   

Actions completed: 
The results taken at Morrissey’s Limestone Quarry in Carlow will be used to 
evaluate the energy per tonne of aggregate produced. An evaluation of the 
fuel consumed by the machinery used to extract, process and stockpile the 
aggregates has been calculated as 28.38 MJ/tonne. From figures provided by 
Shell, the total added energy per tonne of bitumen produced has been 
calculated as 4,883 MJ/tonne. 

Actions Underway:  
The Total Energy Embodied in the Materials used for the road construction in 
each country must be evaluated. The total amount of aggregate and bitumen 
used per typical section must be multiplied by the energy per tonne figures 
above. 
 
Tasks Outstanding: 
A meeting is to be held between the Project Co-ordinators and NUID in 
Kilkenny on the 19th of November to discuss the tasks outstanding. 
 
Dependencies on Other Project Members: 
The total amount of aggregate and bitumen used per typical 1 km section of 
each of the five roads and route options must be provided by each of the 
project co-ordinators. 
 

4. Vehicle Software Selection-Work Package 1.5. 

Progress: 
This work package will update the evaluation of the energy usage of the 
vehicles that will be using each route option.  Due to project time constraints, it 
was proposed that the Energy Workgroup would select a pre-existing software 
package for modelling traffic operation on a road.   

Actions completed: 
At the 2nd Partners Meeting it was decided that VETO would be chosen as the 
vehicle software package for the project. The MX Road/Veto Interface has 
been defined and the inputs/outputs to MX Road and VETO have been set.  
Three vehicle types have been defined; Heavy vehicle with trailer, heavy 
vehicle and light petrol vehicle. Each vehicle using the road must be entered 
into one of these categories. 
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Actions Underway:  
The co-ordinators of the five roads have been asked to provide details on the 
road geometry of each route option.  The evaluation of the energy consumed 
by the vehicles on the five road and routes options will be carried out by VTI. 
The VETO software will be used to calculate the vehicle fuel consumption 
predictions for the five roads and the various routes options.  The evaluation 
will be carried out on individual road sections and then multiplied by the traffic 
volumes. 
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