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ENR Energy Project MIRAVEC 

• Title: Modelling Infrastructure influence on RoAd Vehicle 
Energy Consumption 

• Project duration: Nov 2011 - Dec 2013 
• Partners: 

 Partner Name Country Roles 
Coordinator AIT Austria WP1, WP5 leader 

1 TRL UK WP3 leader 
2 VTI Sweden WP2 leader 
3 ZAG Slovenia WP4 leader 
4 CDV Czech Republic WP4 contribution  
5 FEHRL Belgium Task T5.2 & T5.3 leader 
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ENR Energy Project MIRAVEC 

• Background: 
– CO2 emissions from road transport contribute to 

overall GHG emissions 
– Reduction efforts are essential – how can National 

Road Authorities (NRAs) contribute? 
– Improvement of road infrastructure can contribute to 

emission reduction 
• Requirements: 

– Understanding and modelling of vehicle-road 
interaction 

– Implementation of results in asset management 
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ENR Energy Project MIRAVEC 
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WP1: Effects and Parameters 

• Analysis of road infrastructure influence effects on 
vehicle energy consumption and associated parameters 

• Output: Identified the most important effects 
contributing to road vehicle energy consumption which 
are governed by interaction with the infrastructure and 
associated parameters. 
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WP1: Effects and Parameters 

No. Name of effect or property Group NRA influence 
level (H,M,L) Parameters 

1 Rolling resistance (pavement) A H CR 

2 Texture  A H MPD, texture spectrum 
3 Longitudinal unevenness A H IRI 
4 Transversal unevenness A H Rut depth 
5 Surface defects A H Defect area density 

6 Road strength A H deflection, CR contribution 

7 Vertical alignment (Gradient) B H Angle β or %, RF 
8 Crossfall B H Angle γ 

9 Horizontal alignment (Curvature) B H RCurv, ADC 

10 Road width and lane and carriageway layout B H wRoad 

11 Intersections and roundabouts B H Level of service 

12 Tunnels B H Level of service, vaverage, v85 

13 Traffic volume and composition C L AADT, % 
14 Traffic flow C M Level of service 
15 Traffic speed C M vaverage, v85 

16 Traffic lights, road signs, road markings and ITS 
measures C M Level of service, vaverage, v85 

17 Driver behaviour C M driving pattern 
18 Vehicle type D L vehicle type 
19 Tyre type D L tyre type 

20 Air resistance D M Fair 

21 Temperature E L T 

22 Wind  E L vWind, αWind 

23 Water E M dwater 

24 Snow and ice E L dsnow, dice 



8 

WP1: Effects and Parameters 

Compilation of input parameters for WP2+3+4 

No. Name of effect or property Group 
NRA 

influence 
level (H,M,L) 

Parameters 

2 Texture  A H MPD, texture spectrum 
3 Longitudinal unevenness A H IRI 
4 Transversal unevenness A H Rut depth 
7 Vertical alignment (Gradient) B H Angle β or %, RF 
8 Crossfall B H Angle γ 
9 Horizontal alignment (Curvature) B H RCurv, ADC 

10 Road width and lane and carriageway 
layout B H wRoad 

13 Traffic volume and composition C L AADT, % 
15 Traffic speed C M vaverage, v85 
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WP2: Modelling tools 

• Evaluation of modelling tools for the effects defined in WP1 
 
• Output: Evaluation of currently available tools and their 

capabilities, including further developments to improve 
their performance and scope, the possibilities for 
integration of different tools and the remaining gaps 
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WP2: Modelling tools 

• Evaluation of projects and models in order to identify deficiencies and strengths 
• Road infrastructure variables in the models used in IERD, ECRPD and MIRIAM  

 
 
 
 
 
 
 
 
 

• Proposal for the inclusion of additional parameters: Rolling resistance effect of 
RUT, Speed effect of MPD, presence of water, moisture, snow or ice, surface 
defects and road strength (road deterioration model) 

 
 

 

  Variable 
Project / Model MPD IRI Rut 

depth 
Grad-
ient 

Cross-
fall 

Curve 
radius 

Width AADT Traffic  
com- 

position 

Traffic 
Speed 

IERD – VETO X X   X X X X x (x) X 

ECRPD – VETO X X   X X X X x (x) X 

MIRIAM                     

  - VETO X X (x) X X X X X (x) X 

  - FTire/Dym./Mod. X X X X X X X       

  - MOVES (x) (x)   X     (x) X X X 
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WP2: Modelling tools 

The MIRAVEC model: 
 
Fuel consumption function developed in MIRIAM SP2 : 
Fcs = c1 × (1 + k5 × (Fr + Fair + d1 × ADC × v2 + d2 × RF + d3 × RF2))e1 
× ve2 

where Fcs is fuel consumption, Fr is rolling resistance, Fair is air resistance, ADC is 
average degree of curvature, RF is rise and fall (gradient), v is velocity, and c1, k5, 
d1, d2, d3, e1 and e2 are empirical parameters. 
 
Fr = (Cr00 + CrTemp × (T0 – T) + Cr1 × IRI  × v + Cr2 × MPD) × m × g 
 
where T  is the ambient temperature, IRI (International Roughness Index) is an 
unevenness measure and MPD (Mean Profile Depth) is a measure of macrotexture. 
 
Overall fuel consumption is calculated by aggregation (based on traffic volume, 
vehicle type distribution), also taking speed effects of the level of traffic and some 
infrastructure features into account. 
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WP2: Modelling tools 

Analysis of the parameters included in these models and uncertainty analysis 

 
 

Results: 
• A change in RF leads to the largest changes in 

fuel use, followed by MPD and ADC 
• Relative changes in fuel use are dependent on 

vehicle size and road type 
• A speed effect for IRI and RUT offsets fuel use 

savings to some extent 
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WP3: MIRAVEC tool 

Objectives: 
• Assess the relative importance of the effects from WP1 in 

different contexts and settings 
• Evaluation of the potential savings in vehicle energy use 

achievable by NRAs actions 
 

Output: 
• Spread sheet calculation tool based on simplified models 
• Case studies and scenario comparisons 
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WP3: MIRAVEC tool 
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WP3: MIRAVEC tool 

Features: 
• Spreadsheet tool for estimating vehicle energy use  
• User enters traffic counts and distribution, surface 

condition, geometry and road layout 
• The spreadsheet outputs the fuel consumption as an overall 

value for the route and also in graph format over the length 
of the route 

• The spreadsheet tool allows the user to compare two 
scenarios to investigate the affects of changes to the route 
on fuel consumption 
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WP4: Implementation 

Objectives: 
• Investigation of the current role of road vehicle energy 

consumption in road asset management 
• Recommendations how to implement the available 

knowledge and/or models 
• Support energy efficiency considerations in the decision 

making processes of NRAs 
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WP4: Implementation 

• Identification of the current role of road vehicle energy 
consumption and CO2 emissions in existing systems and of 
opportunities for improvement (surveys) 

• Derivation of recommendations 
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WP4: Implementation 
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The MIRAVEC tool 

• A spreadsheet tool was developed to describe the influence 
on vehicle energy use of  
– Traffic 
– Vehicle characteristics 
– Infrastructure design 
 

• The tool enables vehicle energy use to be estimated for 
different situations, given appropriate input data, and 
displays the uncertainty associated with the estimates 
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The MIRAVEC tool 

Models included in the tool 
• Fuel consumption model for free flow traffic: 

– Vehicle characteristics (type, fuel used, Euro class) 
– Rolling resistance, Air resistance, Average degree of curvature, Rise 

and fall/gradient, Velocity 

• Rolling resistance dependent on 
– Ambient temperature, IRI, MPD 

• Vehicle velocity 
– Based on posted speed, vehicle type, traffic volume, gradient, IRI 

and rutting present 

• Idle time 
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The MIRAVEC tool 

Tool capabilities 
• Estimate vehicle fuel consumption associated with a specific 

route  
• Explore the effects of various changes to the road 

infrastructure on the fuel consumption 
• Implemented using a spreadsheet package 
• Split into three main (colour coded) sections,  further 

divided into separate worksheets: 
– First section (red) allows the user to enter global variables  
– Second section (blue) is used to enter the details of the road route 

being assessed.  
– Third section (green) provides the output data from the tool 
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The MIRAVEC tool 

Input data needed 
The global data is entered on the sheets with red tabs and 
consists of:  
• Traffic breakdown  
• Traffic flow distribution  
• Default values 
Local data is provided for each length on the route (e.g. each 
100m): 
• Properties of road:  type, number of lanes, AADT, Posted 

speed 
• Pavement characteristics: Gradient, Curvature IRI, Rutting, 

MPD 
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Input: Traffic breakdown 
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Input: Traffic flow distribution 



25 

Input: Default values 
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Input: Local data 



27 

Infrastructure characteristics 
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Output data 
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Output data 
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Output data 
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Scenario comparison 
Example: part of the M25 motorway (London orbital) 

– Route 1: current speed limit 
– Route 2: limited to 80km/h for all vehicles 
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Effect of infrastructure 

red: normal RR-coefficient 
blue: half RR-coefficient 
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Results 
Example results from selected scenarios 
• Change in road layout:  

– Opening a 4th lane on a highly trafficked 3-lane motorway 
– CO2 reduction between 14% and 17% due to decrease in the amount of idle time 

experienced 

• Change in road alignment 
– Bypass to avoid going over a hill 
– Effect of greater length by far surpasses the effect of the reduction in gradients 

• Change in MPD (network view) 
– Changes in MPD will only affect part of the network 
– However, emission reductions in the range of 2% are possible 

• Changes in traffic volume and composition 
– Large effects possible  
– Combined analyses (e.g. introducing electric cars) 

• Context is important for assessing the effectiveness of infrastructure measures, 
especially national fleet composition 
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Output of MIRAVEC 
• the relevant effects and parameters 

for the infrastructure influence on road 
vehicle energy consumption  

• their importance in different contexts 
• the available modelling capabilities 

and  
• their implementation in pavement and 

asset management 

Conclusion 
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Thank you for your attention 
 
Manfred Haider (AIT) 
Emma Benbow (TRL) 
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