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1. Introduction 

The operation of heavy vehicle combinations that are longer than 25.25 meters or heavier than 
76 ton has been studied in Finland since 2013. These High Capacity Transport (HCT) vehicle 
combinations decrease the specific energy consumption of transportation, which means 
decreased CO2 emissions and operational costs per transported unit of cargo. There are 
different possibilities to build HCT vehicle combinations and they all have own characteristics. 
Computer simulation can be used to evaluate different aspects regarding the fuel consumption 
of the heavy vehicles. It also provides a way to produce comparable results cost efficiently. 

This report describes the modelling and simulation work to study the performance of HCT 
vehicle combinations. The work is part of a project called ”IEA AMF Annex 57 HDV 
Performance Evaluation”. 

2. Objectives 

In this work, a simulation model that can be used to define the fuel consumption and CO2 
emissions of a heavy vehicle for a driving cycle is developed. The simulated driving cycle for 
any given route is modelled based on digital map data (including topography). The simulation 
model and the method to construct the driving cycle are validated using measurement data. 

Using the simulation model, the fuel consumption and CO2 emissions for three different HCT 
vehicle combinations will be studied. Results give the specific emissions for the studied vehicle 
combinations at the gross vehicle weight, define the effect of the vehicle weight on specific 
emissions and assess the effect of driving route topography on the specific emissions. Also 
the driving resistances of the HCT combinations, which are needed as an input data for the 
simulation model, are measured and reported. 

3. Description 

In this work computer simulation is used to study the fuel consumption and CO2 emissions of 
three different HCT vehicle combinations with different vehicle weights and driving routes. To 
provide needed input data for the simulation model, field tests were performed to define the 
driving resistance forces for each vehicle combination. For the simulation model validation 
measurement data from real driving was used. 

3.1 Vehicle combinations 

Three different types of HCT vehicle combinations are studied in this work (Figure 1). Vehicle 
combinations 1 and 2 consist of a three axle tandem driven tractor, a semitrailer, and a full 
trailer. Vehicle combination 1 has a four axle semitrailer and five axle full trailer with single 
tires. Vehicle combination 2 has a three axle semitrailer and a five axle full trailer with twin 
tires, except the last axles on the trailers, which are steering axles with single tires. Vehicle 
combination 3 has a five axle tandem driven truck and six axle full trailer. 

All vehicle combinations are equipped with box bodies. Characteristics of the vehicle 
combinations are shown in Table 1. Vehicle combination 2* has the same trailer and axle 
configuration as the vehicle combination 2, but different dimensions. 
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Figure 1. HCT vehicle combinations 1, 2, and 3, which were used for the field measurements 
of the driving resistance forces. 



 

 

RESEARCH REPORT VTT-R-00105-21 

5 (19) 

 
 

 

Table 1. Characteristics of the studied vehicle combinations. 

 Vehicle combination description  Length Body Total 
Length / 
Volume 

Empty 
weight 

Gross 
vehicle 
weight 

1 Tractor 6x4 

Semitrailer, four axles, single tires,  
16 m box body (tailored length) 

Full trailer, five axles, single tires,  
13.6 m box body (module length) 

34 m 29.6 m 

234 m3 

29.3 ton 76 ton 

2 Tractor 6x4 

Semitrailer, three axles,  
twin tires (except steering 3. axle),  
13.6 m box body (module length) 

Full trailer, five axles, twin tires  
13.6 m box body (module length) 

31.5 m 27.2 m 

215 m3 

30.0 ton 92 ton 

2* Tractor 6x4 

Semitrailer, three axles,  
twin tires (except steering 3. axle),  
14.8 m box body (tailored length) 

Full trailer, five axles,  
twin tires (except steering 5. axle),  
14.8 m box body (tailored length) 

34 m 29.6 m 

234 m3 

37.0 ton 88 ton 

3 Truck 10x4, 9 m box body 

Full trailer, six axles,  
twin tires (except steering 6. axle),  
15 m box body (tailored length) 

29.2 m 24 m 

190 m3 

30.5 ton 91 ton 

 

3.2 Driving resistance measurements 

Coast-down tests were carried out to determine the driving resistances for the three studied 
HCT vehicle combinations. In the coast-down test the vehicle is driven at a constant speed of 
80 km/h and then put into the neutral gear to roll until standstill. The vehicle speed, GPS 
location, air temperature, and the air speed and direction are logged during the test. The air 
speed sensor is located near the front of the truck at the height of around 5.5 meters from the 
ground, to give the speed and direction of the air flow that the vehicle is encountering. 

Measurements took place on road number 41 (Aura to Huittinen) with dry road surface during 
the autumn of 2019. On the location where the measurement took place there is a 3 km long 
section with extra lanes on the side of the road providing a safe place for the measurement. 
The elevation of the road section was measured using an accurate GPRS device and the 
elevation signal was used to deliver the longitudinal inclination angle. All vehicle combinations 
were measured with load. For each measured setup the test was performed 3−6 times. Driving 
conditions were dry for each measurement day, but the wind was changing. Tests were 
performed in both directions to compensate the effect of the wind. 

The equation of the vehicle motion is 

(𝑚 +𝑚𝑟𝑜𝑡)
𝑑𝑣

𝑑𝑡
= −𝑚𝑔𝑐0 − 𝑐1𝑣 − 𝑐2𝑣

2 −𝑚𝑔𝛼  (1) 
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where 𝑚 is the mass of the vehicle, 𝑚𝑟𝑜𝑡 is the rotational mass of the vehicle, 𝑣 driving speed, 
𝑡 time, 𝑔 gravity (9,81 m/s2), 𝛼 the longitudinal inclination angle of the road, and driving 

resistance coefficients 𝑐0, 𝑐1, and 𝑐2 describing the rolling resistance, velocity dependency, 
and air drag. The coefficient for the air drag is 

𝑐2 =
1

2
𝜌𝐶𝐷𝐴     (2) 

where 𝜌 is the air density, 𝐶𝐷is the drag coefficient, and 𝐴 is the frontal area of the vehicle. 
Results give the effective frontal area 𝐶𝐷𝐴, which combines the drag coefficient and the frontal 
area. 

The coefficients for driving resistance were defined by fitting the simulated vehicle motion to 
the measured time and speed series. An optimization algorithm was used to define the 
coefficients to minimize the RMS error between the measured and simulated value for each 
test run. An example of actual measured vehicle speed and distance curves compared with 
fitted calculated curves are shown in Figure 2. 

Driving resistance coefficients for the vehicle combinations are given in Table 2. These values 
are used in the simulation model to calculate the resistive force acting on the vehicle during 
driving. Vehicle combination 2* was not measured and it is assumed to have the same driving 
resistances as the vehicle combination 2. Total resistance forces as a function of vehicle speed 
for unloaded and loaded vehicles are shown in Figure 3. 

 

Figure 2. An example of the measured and the simulated vehicle speed and distance as a 
function of time during a coast-down test. 

Table 2. Driving resistance coefficients for vehicle combinations 1, 2, 2*, and 3. 

 Rolling resistance 

c0 (-) 

Velocity factor 

c1 (Ns/m) 

Air drag 

CDA (kg/m) 

1 0.0052 −0.0022 11.9 

2 0.0065 −0.0025 13.9 

2* 0.0065 −0.0025 13.9 

3 0.0052 −0.0019 14.6 
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Figure 3. Total driving resistance forces for the vehicle combinations as a function of speed. 

 

3.3 Simulation model 

The simulation model consists of a diesel engine, gearbox, driveline, and a longitudinal 
dynamic model of the heavy truck and trailer combination. The input to the simulation model is 
the reference speed of the vehicle and the slope of the road. The simulation model has a 
controller module to model the driver actions on the accelerator and brake pedal positions to 
meet the requested vehicle speed. Another controller module is defined for the control the 
gearbox model. As an output, the simulation model defines momentary vehicle motion, engine 
torque and speed, and fuel rate based on the engine fuel consumption map. The simulation 
model is done using Matlab/Simulink software. 

The modelled vehicle is Mercedes-Benz Actros 2663 6x4 truck with a Daimler OM473 diesel 
engine and a 16-speed Powershift gearbox. 

 

3.4 Simulation model validation 

The simulation model is validated using actual measured data gathered from the vehicle CAN 
bus and a GPS device. Measurement data for the simulation model validation was logged from 
a HCT vehicle combination, which consists of a three axle tandem driven tractor, a three axle 
semitrailer, and a five axle full trailer (see Table 1, vehicle combination 2*). Trailers are 
equipped with twin tires, except the last axles of the trailers, which are steering axles with 
single tires. The total length of the vehicle combination is 34 meters, the maximum gross weight 
88 tons and the net weight around 37 tons. The trailers have tailored dimensions with box body 
length of 14.8 meters. The height of the trailers is 4.4 meters giving a total cargo volume of 
more than 200 m3. The studied vehicle combination is shown in Figure 4. 

Figure 5 shows a validation plot for the simulation. The first plot shows the measured vehicle 
speed, which is used as a reference in the simulation model, the simulated vehicle speed, and 
the slope of the road taken from the map data. The second plot shows the measured and 
simulated engine speed and simulated gear. The third plot shows the measured and simulated 
engine load and simulated engine power. The fourth plot shows the measured and simulated 
fuel rates. 
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Figure 4. Studied vehicle combination (picture from Veho). 

 

 

Figure 5. Measured and simulated values for the simulation model validation: vehicle speed, 
engine speed, relative engine load and fuel rate. Simulated values for the selected gear and 
engine power are also shown. 
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Data from the actual vehicle operation was logged during a two-week period in May and June 
2020. The vehicle was driving between Oulu and Helsinki on various routes. From the dataset, 
the driving sections were extracted and driving on the loading and unloading places were left 
out. Measured signal for the actual vehicle speed was used as a speed reference and the 
measured road elevation was processed to be used as a slope input signal in the simulation 
model. Figure 6 shows an example of driving cycle from Oulu-Jyväskylä-Tampere-Helsinki. 

 

  

Figure 6. An example of driving cycle data defining the speed and the slope as a function of 
time for the Oulu-Jyväskylä-Tampere-Helsinki route. 

 

Table 3 shows a validation of simulated results for a set of measured trips between Oulu and 
Helsinki on various routes in May and June in 2020. The values include the vehicle weight, 
travelled distance, fuel consumption and engine work per travelled distance. The mass of the 
vehicle combination is taken as an average value over time from the vehicle mass signal in the 
vehicle CAN data. 

The simulated fuel consumption values fit to the measured values with an average difference 
of 3−4 %. Some simulated trips have a larger difference, which may result from some 
uncertainties in input data, for example the vehicle weight based on CAN data. The largest 
deviation between the measured and simulated fuel consumption values, −17 %, is found with 
the unloaded vehicle combination. Simulated fuel consumption values become too high, 
because the simulation model in this case exaggerates driving resistances. This may be due 
to the lifted steering axles in the trailers, which can decrease the rolling resistive forces in the 
real driving, and which is not taken into account in the simulation model. 

The functionality of the simulation model is lacking the real gear change program to achieve 
the best fuel economy. The simulation model has a driving program, which has fixed engine 
speed limits for gear changes. Also the functionality of rolling in neutral gear is lacking. 
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Table 3: Measured and simulated values for fuel consumption and engine work during the test 
period. 

Measured values Simulated values Difference 

Mass Distance Average 
speed 

Fuel cons. Engine 
work 

Fuel cons. Engine 
work 

Fuel cons. 

ton km km/h l/100 km kWh/km l/100 km kWh/km % 

75.5 601 76 53.3 2.56 52.2 2.58 2 % 

60.5 573 78 43.9 2.13 46.4 2.28 -6 % 

76.2 634 76 52.3 2.50 51.0 2.53 2 % 

66.8 575 73 47.9 2.29 47.8 2.35 0 % 

66.4 504 73 49.3 2.35 48.2 2.38 2 % 

59.1 579 76 45.1 2.19 45.9 2.25 -2 % 

77.8 504 75 49.8 2.37 51.8 2.57 -4 % 

62.0 581 75 43.4 2.09 46.1 2.26 -6 % 

37.8 574 80 33.1 1.66 38.7 1.87 -17 % 

60.2 545 78 47.5 2.30 46.9 2.31 1 % 

65.7 468 75 48.8 2.31 48.5 2.39 1 % 

60.9 576 79 47.5 2.29 48.1 2.36 -1 % 

67.0 449 77 48.7 2.31 49.7 2.45 -2 % 

73.5 505 79 56.7 2.63 51.9 2.57 8 % 

 

3.5 Driving cycle modelling 

To make the simulation approach more generic, a method to produce a reference vehicle 
speed from the digital road data was developed. For the cycle definition, the road elevation 
data was already used in defining the slope of the road segments. At this point also the 
curvature and speed limit data for the road segments is used. For each road segment, a target 
speed was defined in such a way that it has the value of the speed limit (max 80 km/h), but if 
the curvature of the road segment is high enough, then the target speed is reduced. This 
adjusts the reference speed in a more realistic way in tight turns. 

The increase of the reference speed can be stepped. The simulated output speed is then 
limited by the vehicle performance. The decrease of the reference speed assumes a constant 
deceleration to ensure that the vehicle does not exceed the speed limit for example in a 
situation, when the speed limit changes from 80 km/h to 60 km/h. 
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The creation of the speed profile using digital road data enables the creation of a driving cycle 
for any route, and it does not need any assumptions on vehicle performance except for the 
braking phase. As a result, the driving cycle modelling gives the speed reference and slope 
values as a function of route distance. This driving cycle is fed into the simulation model, which 
gives the vehicle speed on the route as an output, according to the vehicle characteristics and 
performance. 

The cycle creation does not take into account the effect of other traffic members or traffic lights. 
It gives the speed reference for ideal driving including realistic speed values in the various road 
sections. This cycle creation is needed to be able to compare the simulation results with 
different vehicle weights and vehicle characteristics. 

The modelled driving cycle is validated using the logged vehicle data from the monitoring 
period of two weeks. Both actual measured driving cycles and modelled driving cycles are 
used as input to the simulation model. Figure 7 shows the comparison of the fuel consumption 
and engine work per travelled distance for measured and simulated values; simulation is 
carried out using measured as well as modelled speed references. Comparison is made for 14 
extracted driving cycles of the test period. 

Figure 8 shows the comparison of calculated engine and driving resistance work using 
measured and simulated speed references as input. The driving cycle modelling does not take 
into account the effect of traffic lights or other traffic members, which means that the number 
of accelerations in real driving is likely to be higher. This is seen as a higher engine work over 
the cycle, while the effect on the driving resistance force is smaller. 

 

Figure 7. Comparison of fuel consumption and engine work values during the two week test 
period for actual measured case and simulated cases, where the simulation is done using the 
measured vehicle speed as well as the modelled vehicle speed as reference speed. 
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Figure 8. Comparison of simulated distance specific engine and driving resistance work values 
using either the measured driving cycle or the modelled driving cycle as an input to the 
simulation model. 

 

4. Results and discussion 

The simulation model is utilised to characterise the performance (fuel consumption, CO2 

emissions) of three HCT vehicle combinations with varying vehicle weights and route 
topographies: 

 Fuel consumption, energy consumption and CO2 emissions:  
vehicle combinations 1, 2, 2* and 3 

 Effects of route topography:  
vehicle combination 3 

All simulated vehicles have the same engine and driveline (Mercedes-Benz Actros 2663), 
corresponding to the vehicle, that was used in the measurement data logging (vehicle 
combination 2*). 

Diesel fuel properties are taken from JEC Well-To-Wheels report [1]: 

 Density of diesel fuel is 0.832 kg/l 

 CO2 emission factor is 3.16 kg/kg, which equals 2.63 kg/l 

 Lower heat value is 43.1 MJ/kg, which equals 35.9 MJ/l. 

 

4.1 Vehicle combination type 

Firstly, fuel consumption, specific energy consumption and specific CO2 emissions were 
calculated for all four vehicle combinations by simulating one route from Oulu to Helsinki and 
assuming full gross vehicle weight. Result values are shown in Table 4. 
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Table 4. Simulation results for studied vehicle combinations, when driving 593 km route from 
Oulu to Helsinki. Table summarizes vehicle parameters, simulated performance on the driving 
cycle, simulated fuel consumption, specific energy consumption, and specific CO2 emission 
per GVW, payload and volume for studied vehicle combinations. 

Quantity Unit Vehicle 
combination 1 

Vehicle 
combination 2 

Vehicle 
combination 2* 

Vehicle 
combination 3 

Gross vehicle 
weight 

ton 76 92 88 91 

Payload ton 46.7 62 51 60.5 

Cargo volume m3 234 215 234 190 

Engine work kWh 1398 1823 1777 1665 

Driving 
resistance 
work 

kWh 1197 1601 1561 1438 

Average 
speed 

km/h 76.1 74.7 75.0 75.2 

Fuel l 284 366 357 335 

Fuel 
consumption 

l/100 km 48.0 61.7 60.2 56.5 

Fuel energy GJ 10.2 13.1 12.8 12.0 

Energy 
consumption 
per GVW 

MJ/ton/km 0.23 0.24 0.25 0.22 

Energy 
consumption 
per payload 

MJ/ton/km 0.37 0.36 0.42 0.33 

Energy 
consumption 
per volume 

MJ/m3/km 0.07 0.10 0.09 0.11 

CO2 emission kg 748 962 938 881 

CO2 emission 
per GVW 

g/ton/km 16.6 17.6 18.0 16.3 

CO2 emission 
per payload 

g/ton/km 27.0 26.2 31.0 24.6 

CO2 emission 
per volume 

g/m3/km 5.4 7.5 6.8 7.8 
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4.2 Vehicle weight 

The effects of vehicle weight on specific CO2 emissions and fuel consumption were calculated 
for vehicle combinations 1, 2, 2* and 3. Specific CO2 emissions are shown in Figure 9, and fuel 
consumption and cycle characteristics in Table 5, Table 6, Table 7 and Table 8. 

 

Figure 9. Fuel consumption and specific CO2 emission per payload tonne-km, and specific CO2 
per gross vehicle weight tonne-km as a function of gross vehicle weight. 

Table 5. Simulated results with variated vehicle weight for vehicle combination 1 on driving 
593 km long route from Oulu to Helsinki. 

Quantity Unit 76 ton 78 ton 80 ton 82 ton 84 ton 86 ton 

Engine work kWh 1398 1419 1439 1459 1480 1500 

Driving res. 
work 

kWh 1197 1213 1229 1245 1261 1277 

Average speed km/h 76.1 76.0 76.0 75.9 75.8 75.7 

Fuel l 284 288 292 296 300 303 

Fuel 
consumption 

l/100 km 48.0 48.6 49.2 49.9 50.5 51.2 

CO2 emission kg 748 758 768 778 788 798 

CO2 emission 
per GVW 

g/ton/km 16.6 16.4 16.2 16.0 15.8 15.6 

CO2 emission 
per payload  

g/ton/km 27.0 26.2 25.5 24.9 24.3 23.7 

CO2 emission 
per volume 

g/m3/km 5.4 5.5 5.5 5.6 5.7 5.8 
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Table 6. Simulated results with variated vehicle weight for vehicle combination 2 on driving 
593 km long route from Oulu to Helsinki. 

Quantity Unit 84 ton 86 ton 88 ton 90 ton 92 ton 94 ton 96 ton 

Engine work kWh 1730 1754 1777 1800 1823 1846 1869 

Driving res. 
work 

kWh 1522 1542 1561 1581 1601 1620 1639 

Average speed km/h 75.2 75.1 75.0 74.8 74.7 74.6 74.4 

Fuel l 348 352 357 361 366 370 375 

Fuel 
consumption 

l/100 km 58.7 59.4 60.2 60.9 61.7 62.4 63.2 

CO2 emission kg 915 927 938 950 962 973 985 

CO2 emission 
per GVW 

g/ton/km 18.4 18.2 18.0 17.8 17.6 17.5 17.3 

CO2 emission 
per payload  

g/ton/km 28.6 27.9 27.3 26.7 26.2 25.6 25.2 

CO2 emission 
per volume 

g/m3/km 7.2 7.3 7.4 7.5 7.5 7.6 7.7 

 

Table 7. Simulated results with variated vehicle weight for vehicle combination 2* on driving 
593 km long route from Oulu to Helsinki. 

Quantity Unit 84 ton 86 ton 88 ton 90 ton 92 ton 94 ton 96 ton 

Engine work kWh 1730 1754 1777 1800 1823 1846 1869 

Driving res. 
work 

kWh 1522 1542 1561 1581 1601 1620 1639 

Average speed km/h 75.2 75.1 75.0 74.8 74.7 74.6 74.4 

Fuel l 348 352 357 361 366 370 375 

Fuel 
consumption 

l/100 km 58.7 59.4 60.2 60.9 61.7 62.4 63.2 

CO2 emission kg 915 927 938 950 962 973 985 

CO2 emission 
per GVW 

g/ton/km 18.4 18.2 18.0 17.8 17.6 17.5 17.3 

CO2 emission 
per payload  

g/ton/km 32.8 31.9 31.0 30.2 29.5 28.8 28.2 

CO2 emission 
per volume 

g/m3/km 6.6 6.7 6.8 6.8 6.9 7.0 7.1 
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Table 8. Simulated results with variated vehicle weight for vehicle combination 3 on driving 
593 km long route from Oulu to Helsinki. 

Quantity Unit 87 ton 89 ton 91 ton 93 ton 95 ton 

Engine work kWh 1626 1645 1665 1684 1704 

Driving res. 
work 

kWh 1406 1422 1438 1453 1469 

Average speed km/h 75.4 75.3 75.2 75.1 75.0 

Fuel l 328 331 335 338 343 

Fuel 
consumption 

l/100 km 55.3 55.9 56.5 57.1 57.8 

CO2 emission kg 862 871 881 891 901 

CO2 emission 
per GVW 

g/ton/km 16.7 16.5 16.3 16.2 16.0 

CO2 emission 
per payload  

g/ton/km 25.7 25.1 24.6 24.0 23.6 

CO2 emission 
per volume 

g/m3/km 7.6 7.7 7.8 7.9 8.0 

 

4.3 Driving route topography 

The effect of the driving route topography is studied using the route Oulu−Helsinki and varying 
the slope values of it. The slope adjusting is done by multiplying the slope values with 
coefficients 0, 0.5, 1.0 (baseline), 1.5, and 2.0. The variation of the slope value magnitude 
increases or decreases the work needed for hill climbing. When the driving route is the same, 
this demonstrates the effect of route topography. The study is done using the vehicle 
combination 3. The fuel consumption and cycle characteristics are shown in Table 9. 

Table 9. Simulation results for slope magnitude variation on route from Oulu to Helsinki with 
vehicle combination 3 and vehicle weight of 91 ton. 

Quantity Unit 0 % 50 % 100 % 150 % 200 % 

Engine work kWh 1616 1629 1665 1751 1866 

Driving res. 
work 

kWh 
1454 1451 1438 1421 1405 

Average speed km/h 76.5 76.4 75.2 73.3 70.8 

Fuel l 323 328 335 351 374 

Fuel 
consumption 

l/100 
km 

54.5 55.3 56.5 59.3 63.1 
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The change in fuel consumption from the reference simulation (100 %) to a totally flat driving 
route (0 %) was −3.5 %, and from the reference simulation to a route with double elevations 
(200 %) 11.7 %. 

Another aspect for the driving route hilliness is to study different driving routes that have 
different topologies. Two different routes from Äänekoski to Iisalmi (shown in Figure 10) are 
simulated with the vehicle combination 3 with vehicle weight of 91 ton. The elevation of the 
routes as a function of distance are shown in Figure 11. The simulated fuel consumption and 
cycle characteristics are shown in Table 10. 

 

 

Figure 10. Two routes that have lower average speeds and more hills. 

 

 

Figure 11. Elevation as a function of distance for two studied routes from Äänekoski to Iisalmi 
(red: Äänekoski-Viitasaari-Pielavesi-Iisalmi, blue: Äänekoski-Viitasaari-Pyhäsalmi-Iisalmi). 
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Both modelled routes are simulated back and forth to neglect the effect of different elevation 
levels of the start and the end points. By taking an average of the back and forth fuel 
consumption values, the result for the heavier route 1 is 58.0 l/100 km and the result for the 
easier route 2 is 56.9 l/100 km. This gives a difference of 1.9 %, when comparing the heavier 
route to the easier one, and a difference of 2.6 % when comparing the heavier route to the 
Oulu−Helsinki route’s fuel consumption. 

 

Table 10. Simulation results from Äänekoski to Iisalmi and from Iisalmi to Äänekoski with two 
different routes. Results simulated with vehicle combination 3 and with vehicle weight of 91 ton. 

Quantity Unit Route 1: 
Äänekoski-
Viitasaari-
Pielavesi-
Iisalmi 

Route 1: 
Iisalmi-
Pielavesi- 
Viitasaari-
Äänekoski 

Route 2: 
Äänekoski- 
Viitasaari-
Pyhäsalmi-
Iisalmi 

Route 2: 
Iisalmi-
Pyhäsalmi- 
Viitasaari-
Äänekoski 

Distance km 176.8 176.8 222.9 222.9 

Engine work kWh 504 515 624 636 

Driving 
resistance 
work 

kWh 
424 424 538 539 

Average 
speed 

km/h 
72.9 73.0 74.5 75.3 

Fuel l 101.4 103.5 125.7 128.0 

Fuel 
consumption 

l/100 
km 

57.4 58.5 56.4 57.4 
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5. Conclusions 

Computer simulation was used to define the fuel consumption and CO2 emission values for 
three different HCT vehicle combination types. The same engine and driveline parameters 
were used in all simulation cases, which makes the results comparable and dependent only 
on the HCT combination characteristics.  

The driving resistance forces acting on vehicle describe the characteristics of the HCT vehicle 
combinations. These were measured using coast-down tests with loaded vehicle combinations 
on dry asphalt. The simulation model is validated using measurement data from a two week 
test period during the spring time, while the conditions were stable. 

A method to define a driving cycle for the simulation using digital road data was developed and 
validated. The modelled driving cycle is used as an input to the simulation model, and it 
describes an ideal driving cycle for the specified route, however, without the effect of other 
vehicles or traffic lights for example. The goal is to produce a driving cycle, which models a 
realistic driving and can be used to produce comparable simulation results for vehicles with 
different characteristics. 
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