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Abstract 

The vehicle sector is facing the biggest revolution of the last 70 years, whose main 
target is the depletion of emission and a steady decrease of fuel consumption. The 
focus in this report is the Green House Gas Emissions model (GEM) developed by 
the United States Environmental Protection Agency (EPA). The model is one of the 
newest and most complete simulation tool aimed to provide estimation of fuel 
consumption and CO2 emissions for the US market depending on the input 
inserted and the type of vehicle chosen. The usage of these tools is expected to 
increase in the next decades as it presents a more economical solution compared 
to chassis dynamometer and real driving test. Furthermore, all the environmental 
agencies that are developing these programs play also a key role in establishing new 
rules and regulations.  
 
Scania, as one of the leading manufacturer companies of heavy duty vehicle 
worldwide, needs to learn about the new certification processes in US to be able to 
expand in this specific market.  The aim of this work is to learn more about the 
GEM and to validate its results.  
 
A theoretical review is performed to understand how GEM is working and how 
each parameter could possibly affect the outcomes.  Several parameter variations 
on a long haulage HDV are performed with the GEM and output results presented. 
To validate the GEM the European simulation tool VECTO  and an internal Scania 
worksheet for fuel consumption and emissions analysis are used as they were 
previously validated by means of the chassis dynamometer test.  
 
GEM shows very similar results in this comparison with VECTO and the internal 
Scania worksheet.  
 
Assessing the reliability of this programme on a larger scale could represent a key 
aspect for Original Equipment Manufacturers (OEMs) as they could use this 
simulation tool to easily and rapidly have some fuel economy results solely based 
on the specifications of the vehicle in analysis. 
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Sammanfattning 

Fordonsindustrin står inför sin största revolution på 70 år, vars huvudsakliga mål 
är reducering av utsläpp och en stadig minskning i bränslekonsumtion. Denna 
rapports fokus är Växthusgasemissionsmodellen (eng. ”Green House Gas 
Emissions model” – förkortad ”GEM”) utvecklad av amerikanska statens 
miljöskyddsverk (”EPA”). Modellen är ett av de senaste och mest kompletta 
simuleringsverktygen för att ge uppskattningar av bränslekonsumtion och CO2 
utsläpp för den amerikanska marknaden, beroende på angiven indata och vald 
fordonstyp. Användandet av detta verktyg förväntas öka under nästa årtionde då 
det erbjuder en mer ekonomisk lösning jämfört med chassidynamometrar och 
faktiska körtester. Dessutom spelar alla miljöinstituten som utvecklar dessa 
program också en nyckelroll i att skapa  nya lagar och regler. 

Scania, i egenskap av en av världens ledande tillverkare av tunga fordon, har ett 
behov av att lära sig om den nya certifieringsprocessen i USA för att kunna 
expandera på denna marknad. Syftet med detta arbete är att införskaffa mer 
kunskap kring GEM och att validera dess resultat. 

En teoretisk undersökning utförs för att förstå hur GEM fungerar och hur varje 
enskild parameter påverkar resultatet. Flera parametervariationer utförs för en 
långtradare med hjälp av GEM och resultatet presenteras. Valideringen av GEM 
sker med hjälp av det europeiska simulationsverktyget VECTO  samt ett av Scanias 
interna kalkylark över bränslekonsumtion och utsläppsanalys då de sedan tidigare 
har validerats med chassidynamometertest. 

GEM visar mycket liknande resultat i denna jämförelse med VECTO och det 
interna Scania kalkylarket. 

Att bedöma tillförlitligheten i detta program på en större skala kan utgöra en 
nyckelaspekt för originalutrustningstillverkare (OEM), eftersom de skulle kunna 
använda detta simuleringsverktyg för att snabbt och enkelt få bränsleekonomiska 
resultat uteslutande baserat på specifikationerna för fordonet i analysen. 
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1. Introduction 

Sustainability in road transportation systems represents a fundamental step 
towards a more environmental friendly future. The vehicle manufacturers and the 
sub-suppliers are forced to make their products more environmentally friendly in 
order to fulfil new regulations and customers’ demands. These stricter rules require 
measurement methods and simulation tools in order to evaluate and certificate if 
vehicles and components fulfil the requirements as part of their homologation 
process.  
 
Every day on televisions, radios and newspapers climate problems are shown as 
one of the biggest issue of this century and vehicles, in particular, are always 
considered one of the most evident cause, mainly because they are part of our 
everyday life and directly affect the environment quality in the premises of 
everyone’s apartment. Considering what was just stated it is easier for the main 
mass-media to cover the environmental aspects of the vehicle industry with 
scepticism and critics, despite statistical and international recognised articles 
underlining how light and heavy duty vehicles are only one of the source of 
pollution and with new regulations their importance will drastically decrease. 
These series of articles [2] together with an increase consciousness among 
costumers and new national regulations led OEMs (Original Equipment 
Manufacturer) to start a huge campaign of investment aimed to reduce different 
sorts of pollutants. These regulations started to be categorized in different label 
from 1992 in Europe [3] and with increasing standards put a big pressure on truck 
producers that have to continuously invest and improve their technological and 
design solutions.  
 
The adoption of stricter rules every 2-3 years was not efficient as imagined from 
various authorities [4], consequently since 2016 a different approach was pursued 
by changing how measurements are done; as for now this new procedure seems to 
effectively reduce the total amount of emissions and create a possible path to reach 
the maximum possible final target which is the complete annihilation of any 
emissions tank to wheel. The process of forcing companies to adopt new 
environmental-friendly technologies represent an important big step for reducing 
the total amount of pollutants emitted in the air and also the main outcome 
intended by the Environmental Protection Agency that is the main actor of these 
new standards. From an engineering point of view all the possible new solutions 
represent an interesting challenge in a field where every small improvement can 
make a big difference, overall all these topics just mentioned must be also 
connected to the economic viability of the development, a topic that will not be 
covered here. 
 
Considering HDV (Heavy Duty Vehicle) in details, their usage is steadily increasing 
in all the development countries due to the lack of an efficient rail system [5], as 
shown in Figure 1.1 the trend of sales for HDV will probably be positive in the next 
5-10years; considering all these boosts in numbers of HDV sold, goods transported 
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and number of people moving in and out of cities it is evident how HDV 
manufacturer are in a crucial period of their sustainable development.  

 
Figure 1.1: registration of trucks in EU by vehicle type [6]. 

 
1.1 Aim 

Scania, as one of the leading manufacturer companies of heavy duty vehicle 
worldwide, needs to learn about new certification processes in US to be able to 
expand in this specific market. The focus of this report is therefore to analyse, 
comprehend and prove new regulations that will apply in the US market for heavy 
duty vehicles in the upcoming years. 
 
Throughout a consistent correlation of results with 2 different simulation tools this 
thesis aims to provide a comprehensive validation of the GEM simulation tool 
Phase 2 by verifying the reliability of the output results. This validation will also 
contribute to a better understanding of the simulation tool structure and how each 
input is taken into consideration. In order to perform this the report is structured 
with a first theoretical background review to understand how each parameter could 
possibly affect the outcomes and then different outputs of the simulation tool are 
presented for several parameter variations on a HDV. Further analysis will be 
focused only on one specific tractor Scania and the differences in results between 
the US simulation tool, the European simulation tool VECTO [1] and an internal 
Scania worksheet used for fuel consumption and emissions analysis. 
 
This correlation will hopefully enable an understanding on how close these tools 
are in terms of results and how reliable is, in particular, GEM Phase 2 in 
comparison with its counterparts. The validation of this simulation tool is an 
absolutely important step for possible future development of Scania in the US 
market, as the company will come to know if it will be possible to fully trust the 
simulation tool and consequently certify every single truck independently on the 
components used.  
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1.2 Outline of the project 

In order to fulfil the aim the following work-packages are performed within this 
work. First of all, the theoretical background analysis will provide information on 
what can influence the investigated emissions and how they can be measured in a 
chassis dynamometer. Then a more detailed description of the chassis 
dynamometer itself is provided as common part of the measurement procedure. 
 
Following these steps the new American simulation tool GEM will be presented 
and fully described in order to provide a meaningful understanding of the results 
chapter. The last part will consequently provide a parameter variation based on a 
Scania HDV model and a comparison with the simulation tool provided in Europe 
and an international Scania simulation as part of the software validation. 
 
Two main problems are endemic within this project due to the structure of heavy 
duty vehicles and their characterization: the first one is the modularisation of 
trucks, a feature which is highly appreciated by costumers and represents an 
intense challenge during the production phases, it means that each tractor can be 
almost entirely customised according to the wishes of the costumers. This 
characteristic is also challenging from the environmental agencies point of view as 
the regulations must take into account many possible configurations, design 
solutions and technical implementation. Second major issue is a different HDV 
classes definition in each country, this heterogeneity is reflected in the adoption of 
different rules and standards between the countries involved; consequently an 
equal comparison between US, EU and Asian vehicle is not possible or consistent; 
this diversity in regulations and standards is reflected not only when in the vehicle 
classifications but even in road laws and GVW allowed with examples of different 
limits even within the EU. All these problems mentioned have the pros of being 
solvable and overcome by extremely increasing the accuracy of the processes and 
the details in the studying of the influencing parameters and this is why the main 
environmental agencies started to develop software aimed to provide a quick and 
precise estimation of fuel consumption and various emissions with the final target 
to provide highly detailed and accurate results.  
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2. Theoretic background 

This chapter aims to provide an understandable and exhaustive explanation of the 
main the two main parameters used to evaluate the environmental impact of a 
heavy duty vehicle and the physical laws that regulate the motion and the 
respective resistive forces. Furthermore the object and the test bench of the thesis 
will be presented in order to have specific characterization of the tests performed. 
 
2.1 Fuel consumption 

Fuel economy and CO2 emissions from fuel consumption represent the most 
evident parameters when it comes to analyse the environmental performances of a 
vehicle. From a private point of view savings in fuel consumption and money 
income are directly correlated, considering the high price of nowadays Diesel fuel 
and the amount of miles daily covered by a heavy duty vehicle even small gains 
represent big savings from an economical point of view. Different are however the 
unit measures in usage across different countries. For the scope of this work two 
were the main unit measures adopted: grams and l/100km as it will be explained 
more in details in Chapter 3. To understand the importance of taking fuel 
consumption into account in case of fuel economy analysis it is important to show 
how these simulation tools can positively impact the overall consumption of the 
vehicles. The forecasts of fuel consumption are shown in the Figure 2.1 where a 
positive trend is expressed following the new regulations that are coming in the 
market, it can be seen as well that US is likely to follow the same curve as they will 
adopt same type of regulations and technology improvements [5]. 
 

 
Figure 2.1: comparison of tractor-trailer fuel consumption trends in EU and US [5]. 

To have a concrete idea on how to cut down even a few percentages of fuel 
consumption could be beneficial for the environment, it is worth looking on the 
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chart below (Figure 2.2) which shows the barrels of oil equivalent per day in 
different countries. Now it is clear that considering a small 1% drop in fuel 
consumption this will correspond to a big save in terms of fuel consumption on a 
large scale [5] (0.027 BOE per day only in US). 

 
Figure 2.2: Heavy duty vehicle fuel use [5]. 

 

2.2 GHG emissions 

Since greenhouse gasses (GHG) do not represent all the pollutants coming from 
vehicle it is important to classify which gasses can be defined as GHG and why they 
are so dangerous for our atmosphere. Greenhouse gasses are the main responsible 
of global warming since once emitted they trap heat in the atmosphere thus 
increasing the average temperature of the planet. There are four main gasses that 
belong to this category: Carbon dioxide, Methane, Nitrous Oxide and Fluorinated 
gases, their share for the total emissions in US by 2006 is shown in Figure 2.3 [7]: 
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Figure 2.3: Greenhouse gasses emission in USA in 2006 [7]. 

i. Carbon Dioxide: as it can be seen from Figure 2.3 carbon dioxide represents 
by far the most influencing greenhouse gas. As it is known CO2 is naturally 
presented in our atmosphere as part of the so called carbon cycle, a 
procedure that includes also humans and plants, there are however extra 
artificial sources that generates carbon dioxide, among these the most 
important one are: electricity production, transportation and industrial 
processes in general. It is also vital to understand how difficult is to reduce 
the production of this gas on a large scale: world’s population is increasing 
fast, thus requiring more energy and utilities in general which are, as 
previously said, the main source of this gas; only in US between 1990 and 
2016 a total increase of 4% CO2 emission has been estimated [7], Figure 2.4 
provide some more information regarding the state of art of the carbon cycle 
in 2015 by considering how much carbon dioxide is inserted in the 
atmosphere from different sources. 
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Figure 2.4: global carbon cycle [8]. 

ii. Methane is mainly originated from the raising of livestock, leaks from 
natural gas systems or various chemical reaction in soil and atmosphere but 
the biggest part of it comes from human activities ranging from industrial 
processes to agriculture. The usage of this gas has constantly change 
towards the years and now it becomes a valid alternative to diesel and 
gasoline as vehicle fuels. 

iii. Nitrous oxide or laughing gas has a huge impact on the global warming (300 
times more than carbon dioxide on the same weight scale), even if it is 
naturally presented in small parts in our atmosphere the most part of it 
comes from agriculture processes and combustion of fuels in general [7]. 
One of the most effective way to reduce it is consequently a technological 
investment in more environmental friendly engines and more efficient 
treatment solutions in the catalyser. 

iv. Fluorinated gases are the only gases artificially emitted, consequently also 
the only that could be potentially completely eliminated in the future. 
However the increasing trend on production level corresponds to an 
increase in the production of this emissions (+250% from 1990 to 2016 in 
US) 

Among all these potential sources of pollution GEM will consider just Carbon 
Dioxide as output of the simulation. This choice could be reasonable according to 
picture 2.3, however the most important indicator is more effectively represented 
by the impact of a single unit of gas in the global warming. To assess this impact 
there are two main factors that must be considered: 

i. Concentration and permanence on the atmosphere. 
ii. Quality assessment of the impact on the atmosphere.  
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According to the Environmental Protection Agency of the United States there are 
five main sources of greenhouse gases emissions. Among these, as it is possible to 
see in Figure n.2.5 ,transportation share the 28% considering tank to wheel process 
while the production phase of the not-imported components is instead included in 
the slices “electricity and heat production” and “industry”. Without commenting 
too much in details it is interesting to notice how agriculture and land use in 
general are the main sources of pollution and also the area where improvements 
are more difficult to pursue.  

 
Figure 2.5: US  GHG emissions by economic sector [2]. 

Among all the different transportation systems HDV plays a key role not in term of 
road-fleet numbers (in US every 100 cars, only 3.2 trucks are sold) [9] but in terms 
of 𝐶𝑂  emitted (23% of the total transportation sector according to the 
Environmental protection Agency [7], these Figures clarify the importance of 
creating a regulation system for greenhouse gasses emission and fuel consumption 
aimed to change this trajectory.  
 

2.3 Driving forces 

Before analysing in detail how GEM takes the different parameters into 
consideration it is worth providing an exhaustive explanation of the main driving 
forces acting on a vehicle in motion. Rolling and air resistance, road gradient and 
inertia of rotating parts represent the forces that counteract the tractive force 
generated by the engine and represent the basic longitudinal force balance 
expressed in the Equation 2.1. In Figure 2.6 it can be seen how these forces act and 
what is their application point in a simplified vehicle body. 
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Figure 2.6: Forces acting on a vehicle [11]. 

The total resistive force is as follows [11]: 

𝐹 = 𝑚 + 𝑚 �̈� + 𝑚𝑔(𝑓 cos 𝜃 + sin 𝜃) +
1

2
𝐶 𝐴𝜌𝑣  (2.1) 

Where: 

 m is the total mass of the vehicle. 
 𝑚  is the equivalent mass representing the inertia of the rotating parts. 
 𝑓  is the rolling resistance coefficient. 
 𝛼 is the road slope. 
 𝐶  is the aerodynamic coefficient. 
 𝜌 is the density of air. 
 𝐴 is the frontal area. 
 𝑣 is the vehicle speed. 

It can be noticed that a possible road gradient influences only the gravity and the 
rolling resistance term, 𝑚  refers instead to the inertia mass of the rotating parts in 
the driveline and wheels and it will not be considered in the results part as most of 
analysis are carried out at constant speed. The respective power on the driven 
wheels is: 

𝑃 = 𝐹 �̇� = 𝑇𝑞 𝜔  (2.2) 

Where 𝑇𝑞  represents the sum torque at hubs of the driven wheels. Regarding 
power, engine maps represent the biggest limitation, following canonical engine 
torque-power vs speed graph (Figure 2.7) it can be noticed that max torque does 
not correspond to max power and that only in a very small range of velocities max 
power can be reached; however it is also evident that the powertrain must be able 
to sustain these power at certain velocities according the respective force 
limitations, which basically is the traction of the vehicle itself as long as sliding does 
not appear. The usage of a proper transmission with correct gear ratio can help in 
reaching max torque and power in different moving conditions and this is one of 
the main reason why transmission maps are part of the inputs in GEM. Figure 2.8 
exemplifies how at each gear there is a perfect time moment where shifting will 
optimise torque at the wheel.  
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Figure 2.7: Example of engine maps [11] 

 

Figure 2.8: Torque vs rotational speed at the wheel for each gear [11]. 
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2.3.1 Aerodynamic drag 

Aerodynamic drag represents one of the most influencing resistive force of a long 
haul tractor, which is mainly driven on highways, and consequently one of the key 
parameter to be improved in long-haulage trucks. According to the requirements 
proposed by the environmental agencies there are two ways to take into 
consideration aerodynamic on vehicles: the former is by simply considering the 
dimensionless coefficient of drag 𝐶 , the latter multiplies the frontal area by the 
coefficient previously mentioned. Taking these two terms into consideration, the 
total resistive force due to aerodynamic resistance in the longitudinal direction 
must be further multiplied by density of the air and velocity squared as in the 
following equation: 

𝐹 =  
1

2
𝐶 𝐴𝜌𝑣  (2.3) 

It is clear the importance of the velocity term in the above equation. Hence it is also 
evident how aerodynamic plays a key role especially in those HDV, which mainly 
are driven at constant high speed. As example in the following picture (Figure 2.9) 
the air drag is plotted against velocity for a random truck with 𝐶 𝐴 = 4.6 [𝑚 ] and 

air density= 1.2 [ ].  

 

Figure 2.9: example of influence of velocity in the total aerodynamic drag force. 

Aerodynamics is not solely affected by the frontal area as expected from the 
formula, the process to evaluate the aerodynamic coefficient is far more 
complicated and includes deep studies in fluid dynamics and on how the fluid 
particles evolve to surface of the tractor. Without going too much into details the 
aim of any designer is to find a perfect trade-off between flow separation point and 
increase of flow turbulence [12]. HDV manufacturer must always compromise 
these flow solutions with several other factors such as safety limitations to decrease 
the impact outcomes in case of accidents, weight reduction implementations to 
increase the fuel economy of a tractor and designs to satisfy customers need. Apart 
from velocity there is another parameter whose influence cannot be neglected 
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when evaluating aerodynamics: the direction of the wind. The oncoming air 
velocity on a vehicle is the result of the vehicle velocity plus the crosswind velocity, 
the sum of these two components add an extra term to the motion resistance, in 
particular a new coefficient is taken into consideration: 𝐶  which is always bigger 
than the original air drag coefficient. 
 
Geometrically is possible to calculate the total velocity of the air as follow [13]: 

𝑣 = 𝑣 + 𝑣 , ∙ cos 𝜑 + (𝑣 , ∙ sin 𝜑 )  (2.4) 

Where 

 𝜑  is the angle between the direction of motion and the wind. 
 𝑣  is the velocity of the vehicle. 
 𝑣 ,  is the effective velocity of the wind solely. 

 

Figure 2.10: Effect of crosswind for different vehicle classes [11]. 

From Figure 2.10 it can be seen how crosswind represents a key factor especially in 
trucks and HDV in general, from a physical point of view this is due to gaps between 
cabin body and trailer which cause air swirls thus increasing the resistance. This is 
the main reason why how to consider crosswind was one of the main theme of 
discussion while deciding GEM Phase 2 regulations; it has been estimated by the 
National Academy of Sciences in US (NAS) that considering an average wind yaw 
angle this will increase the aerodynamic coefficient by 15% [14], which means 
major influences on fuel consumption and emissions as it has be pointed out in 
Chapter 2. Since the procedure suggested by EPA in measuring aerodynamic 
resistance is a simple coast down test it has been decided, after discussions with 
OEMs, to choose an arbitrary wind angle and a respective increasing in 𝐶 𝐴 bins. 
The final compromise angle chosen is 4.5° and it is taken into consideration in the 
bin classification according to the following equation [14]: 



13 
 

𝐶 𝐴 = 𝐶 𝐴 ∙
𝐶 𝐴 . °

𝐶 𝐴 ,
 (2.5) 

Where: 

 𝐶 𝐴  is the value measured during coast down testing with no crosswind. 
 𝐶 𝐴 ,  is the value measured with the actual yaw angle which is 

used as reference with the 4.5°. 

Or, in case CFD test are available the aerodynamic value inserted in the standardize 
tables (see Chapter 4 tables 4.5 – 4.6 as example) is simply calculated according to 
the following formula [14]: 

𝐶 𝐴 = 𝐶 𝐴 . ° ∙ 𝐹 ,  (2.6) 

Where: 

 𝐹 ,  is the value measured without yaw angle. 

2.3.2 Rolling resistance 

Tyre’s rolling resistance is, together with aerodynamic coefficient, one of the most 
important resistive factor for a vehicle in motion. It is dependent on several 
variables: tread and carcass compound material, architecture, tread design, tyre 
manufacturing process and the operational condition; each of these plays a 
different role according to the usage of the vehicle. From a rough estimation the 
carcass accounts for more than 50% of the total rolling resistance, the tread has 
around 35% of influence but this also depends on the inflation level [15]: under-
inflated tyres affect durability, CO2 emissions and fuel consumption [15]. Figure 
2.11 exemplifies a traditional tyre’s design: 

 
Figure 2.11: Tyre section [11]. 

From a physical point of view rolling resistance has an influence any time an 
inflated tyre is rolling, this force, which is naturally created, is always in the 
opposite direction of motion thus opposing the traction created by the engine. It 
can essentially be divided into three main parts: flexing resistance, frictional 
resistance and fan resistance [15]. Flexing resistance considers losses due to the 
continuous compression and decompression of tyre circumference while rolling 
which create a similar physical situation also in the interior parts of the wheel, 
these energy losses are also known as hysteresis effect which is a state condition 
where a material loses energy during every compression-stretching phase. 
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Fan resistance is specifically due to the rotation of the wheel itself and it is thus 
considered as part of the aerodynamic resistance. Last is the frictional resistance 
whose value strongly depends on the asymmetrical pressure value presented in 
each wheel as it can be seen from the Figure 2.21 below. 

 

Figure 2.12: Rolling resistance forces and relative offset [11]. 

As it can be seen a distance e is created between wheel´s rotation axis and force’s 
contact point, in case of a non-accelerating wheel rolling resistance is related with 
this distance according to the following equation: 

𝐹 , = 𝐹 , ∙
𝑒

𝑟
= 𝐹 , ∙ 𝑓 ,  (2.7) 

Where  

 e is the offset between the centre of the tyre and the vertical force which is 
due to an uneven pressure distribution. 

 𝑓 ,  is the rolling resistance coefficient. 

𝑓 ,  describes the relationship between rolling resistance force and wheel load; 
the correlation between these two forces appears to be linear, however it is possible 
to experimentally state that rolling resistance coefficient decrease for increasing 
wheel load. Following some consolidated researches it is known that the overall 
influence of rolling resistance to the fuel efficiency is as almost proportional to the 
weight of the vehicle [15] and this means that especially for HDV it should be 
correctly evaluated and considered. Tyres with higher rolling resistance lose more 
energy during to the continuous compression and stretching phases, thus 
increasing the production of CO2 and the fuel consumed.  
 

2.4 Chassis dynamometer 

Part of the thesis work was a week of measurements on the chassis dynamometer 
helping in setting up three different trucks that were undergoing a comparison of 
performances between LNG and Diesel Engine. The test took place in the Chassis 
Dynamometer number 2 at Scania AB in Södertälje. The chassis dynamometer is 
one of the most used device for vehicle testing and development. During the test, 
the target vehicle is located on rollers within a closed room where environmental 
conditions are controlled and measured. The rollers are needed to simulate the 
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road condition with the final aim to make vehicle acceleration and deceleration 
condition similar to the ones on a real road. For the output analysis the rollers are 
filled with electronic measuring instruments to evaluate engine torque, speed and 
power. Particularly useful for this test is the possibility to refuel the truck while 
running on the rollers in order to perform longer test without shutting off the 
engine. Important before starting the test is following a precise procedure in order 
to avoid any possible negative influencing parameters; the following list clarify the 
most important steps [16]: 

 Wash properly the entire vehicle 
 Weight the vehicle 
 Check possible software updates in the vehicle 
 Small test drive to control that everything is working properly 

Once this list is verified no failure should be expected from the vehicle part and the 
test can therefore be run. Each test starts with a warm up phase of roughly half an 
hour in order to avoid typical cold-start problems of diesel engine, hereafter the 
truck undergoes the real driving cycle. All the parameters and pedals can be 
controlled directly from the command room just aside the chassis dynamometer 
bench. The final results are summed up in a excel sheet that allows easy comparison 
of the searched parameters, which could range from engine data (torque, speed) to 
power measured at the wheel. Figure 2.13 below exemplifies a chassis dyno in usage 
in Scania, no similar picture could be found for the specific chassis dyno used thus 
the one presented is the new chassis dynamometer number 7 which is able to 
recreate diverse weather situations such as snow or heavy rain. 

 

Figure 2.13: Chassis dynamometer layout [16]. 

 

2.5 Investigated Scania vehicle 

During this project one truck was selected for measurements which is presented in 
the Figure 2.14. It is a 13l Scania R-series with sleeper cab whose main application 
is freight transportation on highways. According to the American classification 
decided this truck is a so called Class 8, which means the highest in class in terms 
of payload and total vehicle weight with an average of 86% time spent on high 
speed roads and almost none on urban streets. By choosing only one vehicle, for 
time reason, this analysis will consequently suffer of two main problems: from a 
simulation point of view analysing only one specific class cannot be enough to 
validate the entire simulation tool, it is consequently advisable to perform the same 
analysis on different vehicle classes and specifications. Regarding the specific truck 
chosen, it is evident how it is not a common American truck, which means that 
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from a Scania point of view the absolute results obtained cannot be realistic when 
compared to a traditional US truck shape, however this second part will not be part 
of this report. 

 

Figure 2.14: Example of the tractor in analysis in this thesis [16]. 
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3. GEM 

GEM works as a standard simulation tool which collects input, designed according 
to algebraic and physical relations, and assumptions together in order to predict 
vehicle CO2 emissions. In this case the final outputs, i.e. CO2 emissions and fuel 
consumption, are deducted by integrating the vehicle performances time-wise 
according to the 10Hz frequency of each driving cycle step. What differentiate GEM 
from any other simulation programme is its applicability: it is exclusively designed 
for manufactures and regulated entities to certify four HDV classes for the 
prescribed fuel consumption and CO2 emissions standard in US. This certification 
is therefore valid only for the US market, as the driving cycle is permanently 
installed inside GEM and can’t be modified, the simulation is always carried out in 
the same way using several and important assumptions such as simulated payload, 
gear selection model and average losses between rotating moving parts. As it will 
be discussed later on the choice of each parameter regulation and software 
architecture of the inputs hasn’t been uniquely decided by EPA but has been, 
instead, a long compromise process between the environmental agency and the 
main US HDV manufacturer: Daimler, Volvo, Navistar and Paccar. The limits 
imposed by these new regulations will take place in three different steps: 2021-24-
27 [14] with ever tighter results allowance, in particular it is pointed out throughout 
all the regulations how the 2027 regulation represents a not feasible target but it 
serves instead to draw the development line that each company must pursue.  

Table 3.1: Limit values tractor Class 8 [14]. 

US regulatory class CO2 limit values Fuel consumption 
 [g/ton mile] [gallon x 1000 ton mile] 
Tractor Class 8 - 2021 75.7 7.436 
Tractor Class 8 - 2024 70.7 6.944 
Tractor Class 8 - 2027 64.3 6.316 

 

3.2 Phase 1 vs Phase 2 

Phase 2 represents a more detailed and accurate analysis than Phase 1 but not a 
profound change in the system structure. The need to imply these changes comes 
from how the new regulations includes several new parameters; in an already 
structured solution system, these modifications do not revolutionise the 
architecture structure but instead they complete it. The improvements mentioned 
concern both the vehicle and the driving cycle: for the former the main target was 
a better implementation of the various components even though several different 
technological improvements are going to be considered; while in the latter the 
constant speed phases of the driving cycle were upgraded with a road gradient 
coefficient which will be considered in Chapter 5.1. The most evident influencing 
variation is the adoption of specific maps imported by the producer: by inserting 
real engine, transmission and axle losses maps it is possible to have a way more 
realistic behaviour and possibly achieving results more realistic. 
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A further improvement has been done in the generic human behaviour and manual 
transmission shifting technique for all vehicle classes. In both Phase 1 and Phase 2 
the driver response to speed changes depends on the simulated position of the 
different pedals; however, while Phase 1 presents neither delay time nor energy 
losses due to clutch slip during gear shifting, in Phase 2 the four different 
transmission types allowed (Manual transmission (MT), automated manual 
transmission (AMT), automatic transmission (AT) and dual clutch transmission 
(DCT)) feature unique responses set as default by EPA that matches the one 
measured during vehicle testing.  
 
Last big change involves the list of inputs possible in the simulation programme; 
Phase 2 provides an extensive range of new technologies solutions as input that 
were not considered during Phase 1. This need is originated from the purpose of 
the new regulations that will last until 2027 consequently, in a period of fast 
technological development, it is reasonable to take into consideration benefit 
originating from different new implementations such as cruise control and weight 
reduction solutions. 
 
Excluding the system architecture analysis, the adoption of trailers certification is 
another important add-on to the Phase 2. Including trailers means that not only 
OEM are required to follow the regulations (as they do also produce trailers) but 
even specific trailer manufacturer must work in better synergy with HDV 
manufacturer in order to achieve a better shape matching.  
 

3.1 Phase 2 model description 

Although simply running the simulation can be trivial to fully comprehend the 
structure of the tool, consequently to describe how GEM Phase 2 works it is 
necessary to look closer to regulations and the introduction manual [17]. The 
software architecture pre-defined in GEM consists of four main blocks: Ambient, 
Driver, Powertrain and Vehicle. Each one of them with diverse input and output 
according to the vehicle class chosen for the analysis. This diversification takes into 
account how each block influences and modifies the output in different way 
according to the type of vehicle. The connecting blocks are shown in Figure 3.1 and 
it can be seen how the mathematical relations between each section are encoded 
via a MATLAB file. By using this code the chances to modify the architecture are 
zero, allowing the user to only insert pre-determined inputs. The absence of 
possible modification creates a closed simulation tool which can’t be used in case 
of possible future discoveries and rules by the users but it has to be modified from 
the agency itself. 
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Figure 3.1: GEM Phase 2 Architecture [17]. 

The Ambient block includes all the outside specifications such as ambient pressure 
and temperature and the road gradient; all the ambient conditions follow the 
standard SAE practice (25˚and 1.013 bar of atmospheric pressure) apart from the 
road gradient which is specifically designed for this tool. All these features are 
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imported in the system simply via the vehicle bus channel data which consists of a 
series of parameters directly imported from the vehicle. For the purpose of this 
analysis the output value of the ambient block is constant for every type of vehicle 
simulation. 
 
The Driver subsystem is represented by a simple purely proportional integral 
control structure, which is aimed to fulfil the desired driving cycle in terms of speed 
versus distance and road gradient versus distance. The programme tracks 
separately time and cycle position and the driver is then “distance compensated" 
which means that in case the vehicle can’t match the required velocity it will drive 
for a longer amount of time. With this systems it is possible to compare any type of 
vehicle once starting and ending point are known and also do not create any 
problem in case of road gradient. This means that the simulation itself run time-
based aiming solely to have the same amount of distance covered and changing the 
cycle position time according to how the vehicle performs in the drive cycle [15]. 
 
The Powertrain system includes engine, transmission, electric accessories and 
subsystems of the vehicle models, all these specifications will be discussed in 
details in the inputs section. What is important to mention here is that the 
simulation tool doesn’t allow any model of hybrid system which can instead be 
considered in one of the most classical test performed by OEM: the chassis 
dynamometer one. From a side point of view this means that EPA does not consider 
possible to have hybrid or full electric heavy duty vehicles within 7 years in US 
highway [14]. A more detailed lay out is shown in Figure 3.2. 
 
Last group is the Vehicle subsystem, which include chassis specifications, masses 
and resistive force coefficients; all the respective formulas and parameters will be 
explained in the next sections.  
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Figure 3.2: Powertrain layout [17]. 
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3.3 American market analysis 

All the analysis that are carried out in this report present a substantial problem: 
they are performed with a European truck, designed and modelled according to the 
European market. Considering the company Navistar, which has large agreements 
with VW Truck & Bus and consequently Scania, it is evident how the European and 
the North American continents present two completely different ideas of HDV. In 
this heterogenic situation Scania aims to have a technical cooperation with the 
American manufacturer in order to create a network in USA and Canada with a 
company that has already strong roots in there. As mentioned the market follows 
different rules [18], starting from how the market itself is intended: in USA the 
number of costumers is lower but each costumers is way more relevant for the 
corresponding manufacturer, considering that the United States are as wide as 
Europe roughly, each order involves thousands of trucks instead of hundreds and 
consequently the same costumers continuously ask for specific needs when it 
comes to production and development solutions [18]. Other profound differences 
regards the technical aspect of the powertrain, if  in Europe fuel economy in general 
is the main index to follow when it comes to powertrain development, in the States 
high attention is put on the power side thus having higher displacement volume, 
6X4 axle configuration (way more expensive and less environmental friendly than 
a 6X2) and engine maps optimised for higher engine speed ( cruise speed in the 
highway is higher than in Europe) [18]. To clarify, 6x4 means out of 6 wheels 4 
have traction so 6X2 means out of 6 wheels 2 have traction. All these configurations 
are strengthened from a strong cultural behaviours in which American costumers 
rely on tradition more than on new viable solutions, in this scenario it is clear how 
difficult will be for all the biggest HDV manufacturer to comply with EPA rules and 
at the same time satisfy costumers requirements. Small allowances are conceded, 
the most important is the so called “ABT” policy which is a system of trading and 
collecting credits in order to meet the demand [18]. The basic working principle is 
that if a company meets a requirement in a certain field it gains credit points that 
could be used for other requirements where the technical development has not 
been sufficient. Even if the object of this thesis is a fully European truck, Navistar 
will benefit from European powertrain components and consequently even if the 
design differs greatly no big change will appear on the mechanical point of view, 
from this side it can be stated how this analysis can be reliable and accurate [18]. 
  
3.4 Driving cycle 

GEM’s driving cycle is pre-installed in the simulation programme and cannot be 
changed, it consists of three phases (see Table 3.2): 
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Table 3.2: Driving cycle phases. 

i. Transient Highway HD Diesel transient Cycle  
 Duration: 668 s Length: -  

ii. 55 mph constant speed 
 Duration: 878 s Length: 21583 m 
iii. 65mph constant speed 

 Duration: 743 s Length: 21585 m 
 Total duration: 2289 s 

From an everyday life scenario this driving cycle can reflect a driver starting in a 
urban area with stop and go phases then taking a urban highway and concluding 
his travel on an interstate highway (see Figure 3.4). Over each pattern GEM 
simulates the corresponding behaviour by acting on the acceleration pedals, 
coasting or applying brakes; furthermore as previously mentioned GEM simulates 
also engine and transmission operations and the total resistive forces applied by 
vehicle’s weight, aerodynamics and tyres. By combining all these factors GEM 
determine how much fuel is required at each point to move the vehicle according 
to the prescribed velocity.  

One of the biggest improvement of Phase 2 is the adoption of a road gradient during 
the two constant speed phases. The profile of the road gradient is depicted in Figure 
3.3 [14] and is the same at both 55 mph and 65mph, the trend shows a symmetrical 
up-hill down-hill behaviour characterised by specific peaks that immediately 
smooth over after few seconds. Even though this characterisation appears to be not 
possible in common road it shows how HDV behaves under different road gradient 
conditions with slopes up to 4.5%.  In the results chapter (Chapter 5) it can be seen 
how this road gradient effectively affects the fuel consumption over the entire cycle. 

 

Figure 3.3: Road gradient profile [14]. 
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Figure 3.4: Velocity profile [14]. 

GEM internally models the road gradient in terms of variation of tractive force and 
thus increase or decrease of fuel consumption, in particular for uphill cases the fuel 
consumption is higher and the total engine power needed in this situation depends 
on the added mass and payload against the gravity force. During downhill phases 
the fuel consumption decrease according to the power returned to the wheel (as the 
parallel component of the gravity force is directed as the vehicle motion) but on the 
same time there are energy losses coming from the needed braking phase to keep 
the constant speed, this fact results in a small increase of fuel consumption as well 
[14]. Another important analysis carried out by EPA while establishing new 
regulations is the importance of each driving phases in relation to the purpose of 
the vehicle. As it is evident vocational vehicle and long haul tractor have, for 
example, total different usage and their usual environment may vary as well; 
considering this basic principle GEM has pre-installed weighting factors of the 
different driving cycle phases according to the vehicle classes selected. The charts 
below summarised these percentages for two different classes of combination 
tractors and a vocational vehicles with mere urban purposes. 

Table 3.3: Weighting factors [14]. 

 Class 8 – 
Sleeper Cab 

Class 8 - Day 
Cab 

Vocational – 
HHD - Urban 
Duty 

Transient 0.05 0.19 0.90 
55 mph 0.09 0.17 0.10 
65mph 0.86 0.64 0.00 

As expected a long haul heavy duty vehicle spends most of the time on the highway, 
whose speed limit in US is prescribed as 65mph [17]; on the other side for the 
vocational vehicle presented in the right column the fuel consumption measured 
in the 65mph cycle will not be considered at all.  
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Figure 3.5: Example of a HDV and a vocational vehicle for urban duties [16] [19]. 

 

3.5 Software running modes 

Two running modes are possible with Phase 2 GEM simulation tool, however it is 
not clearly specified why EPA decided to adopt two distinguish systems with 
specific different outputs. The simplest way is simply double clicking the icon on 
the desktop, choose the respective input folder and automatically an excel output 

file will be generated with added columns for emission of CO2 in 
 

 and fuel 

consumption in 
 

. An alternative is starting the simulation with the 

command prompt, in this case is possible to decide the format and the additional 
data needed as outputs. The following table lists all the possible opportunities: 

Table 3.4: Possible extended running modes [17]. 

Command flag Option name 
-VN Model Output verbosity 
-d Detailed output 
-p Preserve files 
-t Test input 
-n No tech improvements 
-i Save model inputs 
-c Console only 
-e Engine Cycle generation 
-s Stringency mode 

For the scope of this thesis two main options are chosen: "detailed output" and 
"Engine Cycle generation". The first one provides extended columns with detailed 
results for each part of the driving cycle in terms of fuel consumption in grams, 

CO2 emissions in 
 

 and components power output. The second one creates 

separate files for each driving cycle phase with specific engine speed, torque, time 
of simulation and an indicator if the vehicle is moving or not. The usage of these 
command options is essential to provide a more detailed and complete results 
analysis, especially to comprehend how each component and each phase of the 
driving cycle affects the overall performances; the results chapter will provide an 
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exhaustive explanation and comment of the outcome of GEM. Other options are 
not evaluated in this thesis as they do not provide useful information for the scope 
of this analysis. It is important to highlight critical situations: average and specific 
values of fuel consumption are expressed in a completely different unit measure 
which makes difficult to have a trustworthy comparison, further details will be 
provided in the results chapter. The table bellows sum up the added output 
parameters provided by the two detailed running modes used.  

Table 3.5: Detailed modes output. 

-d mode: Cruise 65 - Cruise 55 - Transient 
Crankshaft Avg Speed Crankshaft Avg Torque 
Crank./Axle/ Transm. pos.work Crankshaft N/V 
Fuel Consumption Emission 
-e mode: Engine cycle generation 
Time (0.1 second step) Engine Speed 
Engine Torque Vehicle move (0-1 input) 
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4. Analysis of the GEM Model 

In this chapter the main input and output will be listed according to the precise 
regulations decided by EPA. Overall it is important to notice how several 
parameters are classified in bins while other present a fixed percentage of fuel 
consumption improvement. 
 
4.1 Input analysis 

Starting from this chapter the thesis will start to deal with the analysis of each 
parameter and its implementation in the Simulink block model, the importance of 
each variable cannot be neglected a priori but instead is one of the aim of this 
project to investigate the relevance of each parameter in relation with the entire 
system. For space convenience not all the tables with respective values are 
illustrated in this report, but for an interested reader it is possible to find them in 
the Regulatory Impact Analysis (RIA) [15] and the general regulation [14]. 
Furthermore, it is important to mention that all the tests of this report only deals 
with tractor, it is thus useless to analyse influences and parameter variations in 
other types of Heavy-Duty Vehicle. To give a first look at the main input parameters 
the table 4.1 summarize how the interface looks like, each parameter and how it 
has been used as input will be discussed the following sections.  

Table 4.1: Input chart. 

Parameter Mode of input 
Regulatory Class According to standards 
Engine file According to data file 
Transmission file According to data file 
Drive axle configuration According to standards 
Drive axle file According to data file 
Aerodynamic drag area [𝑚 ] Specification of the vehicle 
Rolling resistance axle tyre [kg/ton] Specification of the vehicle 
Rolling Resistance drive axle [kg/ton] Specification of the vehicle 
Loaded tyre size [rev/miles] Specification of the vehicle 
Technology improvements Fixed percentage discount according to 

the equipment of the vehicle. 

4.1.1  Vehicle classes 

One of the core feature of GEM is its flexibility and the possibility to certify a broad 
range of HDV from Class 2b to Class 8 with specific nomenclature in the input 
section which means that specific names correspond to specific truck categories. 
The simulation tool while running recognises the regulatory category and 
corresponds a series of parameter assumptions, originated from a lack in the 
certification test procedure, and respective limits. Other parameters, such as 
payload or number of axles, are instead inclusive property of each subcategory and 
cannot be changed, the Table 4.2 shows the example of the combination tractor 
that has been analysed during this thesis project. 
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Table 4.2: Example of pre-fixed inputs. 

Regulatory 
Subcat. 

Class 8 Combination, Sleeper Cab 

Roof Height High Roof Mid Roof Low Roof 
Total Weight [kg] 31978 30277 30390 
Number of Axles 5 
Payload [shorttons] 19 

Even the choice of different subcategories is not unique: class 8 tractor presents 6 
possible subcategories while class 7 tractor only 3. Vocational vehicle on the other 
side presents totally different classifications according to their main use (urban, 
regional, multi-purpose). The Table 4.3 below sums up the main classifications for 
tractor classes.  

Table 4.3: Tractor subcategories [17]. 

US regulatory class Cab Subcategory Roof Subcategory 
Class 8 Sleeper  High 
 Day Mid 

 Low 
Class 7 Day High 
  Mid 

Low 

Apart from the already mentioned Tractor and Vocational vehicle there are other 
two main categories: Trailers and Pick up & Vans. The introduction of trailers in 
particular represents a unique solution in the history of regulations; considering 
trailers as consistent part of a truck has not been explored yet until this simulation 
and how trailer manufacture companies are going to deal with these regulations is 
still a central topic among scientific articles [9]. Even though trailers have always 
been neglected in previous homologation simulation tools, it is clear that they play 
an important role when it comes to fuel consumption. To have a rough estimation, 
if the trailers manufacturers will comply with the new rules within 2027, this can 
be translated in a 7 billion gallons of diesel and 100milion metric tons of CO2 saved, 
which is roughly the total annual amount from passenger vehicle in California [9]. 
Since this represents the first time in history that trailers are analysed as vehicles, 
even if they do not have a propulsion system, it is worth to have a brief description 
on how they are going to be evaluated in GEM. First of all they are divided in the 
following subcategories:  

Table 4.4: Trailer subcategories [15]. 

US regulatory class Box length Vans type 
Trailer Long Dry 
 Short refrigerated 

Non-Box  

Each of these presents different specifications, in particular non-box subcategory 
(that is bulks, tanks, platforms) allows only rolling resistance and tyre pressure 
system as input thus ignoring aerodynamics and tyre pressuring systems for 
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example. The performances of trailers, as the one of any other class, are expressed 
in terms of bins, for this case the benefit of CO2 in % provides the required 
information to classify this vehicle and for box cases trailers possible design 
solutions are provided in Figure 4.1 where the aerodynamic coefficient represents 
one of the most intrusive and influencing parameters [20].  

 

Figure 4.1: Possible trailer improvements and respective fuel savings in comparison with bin I. 3% 
corresponds to bin III. [20]. 

A second picture (Figure 4.2) clarifies how each bin change will contribute to 
emission reduction with its adaption rate respectively for long dry van trailers, it is 
not casual that the year step-wise improvements are four instead of three, since 
trailers is the only vehicle class to start new regulations in 2018. From the 2027 
column it can be noticed how the last two bins tend to represent an unrealistic 
future development but they are used as target point because the expected adoption 
bins totally different from the baseline foreseen. Generally speaking, achieving 
high bins can be trivial from an economic point of view more than a lack in 
engineering expertise; furthermore it is also evident from the graph how 
companies suppose that it is not possible to achieve bin V in the next decade. 
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Figure 4.2: Fleet-wide fuel and CO2 savings [20]. 

4.1.2 Engine and transmission maps 

Engine and transmission maps adoption is by far the most relevant improvement 
in Phase 2 GEM. Having the possibility to insert specific data from this component 
increase dramatically the reliability of the simulation, the precision and accuracy 
of the outputs [15]. Fuel consumption maps are the key to understand 
performances, by simply analysing the speed vs torque curve is possible to deduct 
fuel consumption estimation, operational point and range of values with 
corresponding highest torque and power. From Figure 4.3 it can be noticed at 
which speed intervals the engine can achieve max power and max torque and how 
these two intervals are not at the same rotational speed, consequently the 
theoretical highest power and highest torque can never be achieved at the same 
time. For any kind of engine, the data inserted in GEM must include: 

i. full load map speed vs torque, 
ii. parent engine full load which represents the same full load curve for a 

similar engine, 
iii. engine motoring curve speed vs motoring torque which is the drag torque 

(considered negative), 
iv. engine idle fuel map speed vs torque which means when the vehicle is not in 

motion, 
v. engine fuel map: speed vs torque vs fuel rate [g/s]. 

These values were imported from a XML sheet internal from Scania containing all 
the necessary information. The engine adopted in this thesis is a 12.7 litres 
produced by Scania. The structure of the simulation imposes some restrictions on 
how the data could be imported, these includes the range of values allowed and the 
number of data that could be used. EPA claims that in the upcoming years several 
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technologies could be implemented to improve efficiency and fuel economies in 
engines. The most important and possible ones are friction reduction, combustion 
system optimization, and waste heat recovery based on the Rankine cycle [15]. As 
mentioned in the regulations thanks to these implementations new trucks will save 
up to 5.1% of fuel burned by 2027 (1.8% by 2012 and 4.2% 2024 respectively) [15]. 
It is furthermore important to mention that engine improvements do not come as 
unique solutions among manufacturers for reduction of emissions and fuel 
consumptions; every producer can decide to adopt different strategies as long as 
they will bring the same improvement declared from EPA. 

 

Figure 4.3: Engine maps [11]. 

Same principle applies to transmission data, the input values in this case are: 

i. gear number, 
ii. gear ratio, 

iii. input torque limit. 

For the analysed case the gearbox was a GRS 905 automated manual transmission 
(AMT) manufactured by Scania, 12 gears with corresponding ratios ranging 
between 11.32 and 1.00. Several internal analysis and assumptions are encoded in 
the GEM simulation tool: for example, regarding the transmission block, it came 
of main concern from EPA how to consider improvements between the four 
different types of transmission. This evaluation is way more complicated than what 
it seems as it strongly depends on driver behaviour and its experience in matching 
gear shifting at the right engine speed. Several possible solutions can be applied in 
order to maximise the transmission efficiency and reduce at the same time speed 
and power loss at each gear shift: among these it is worth mentioning a higher 
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number of gear ratios or improved control units while for a strictly mechanical 
point of view each friction contact between two gears in contact could be improved. 
Further recognition is assigned to direct drive transmission, corresponding to a 
gear ratio of 1.00 in the last gear: gear efficient will in this case be modelled as 2% 
higher in case of a direct drive transmission only during highway phases [14].  

4.1.3 Aerodynamics 

GEM Phase 2 as well as Phase 1 considers the aerodynamic influence and 
companies efforts to prevent premature flow separation on the vehicle profile. 
From the simulation point of view GEM estimates aerodynamics by 𝐶 𝐴 [𝑚 ]; the 
classification, as prescribed in the regulations, is divided in 7 bins according to 
performances measured by the manufacturer, limit values differs according to 
vehicle class and roof height. EPA prescribes possible implementations aimed to 
improve trough the different bins, for instance aerodynamics mirrors and fuel tank 
fairings to reduce the surface area or slide extender to minimise air flow between 
tractor and trailer. Leitmotiv in all the classifications of Phase 2 regulations is how 
bins regulations are described, HDV manufacturer are nowadays within bin I-III, 
in the nearby future bin IV could be reachable while bin V requires several years. 
On the other side bin VI and VII always represent unrealistic future values; in terms 
of values for a Class 8 and 7 high roof tractor advancements are as follow [14]: 

Table 4.5: Aerodynamic resistance bin classification [14]. 

 Class 7 Class 8 
Bin I 7.45 7.15 
Bin II 6.85 6.55 
Bin III 6.25 5.95 
Bin IV 5.70 5.40 
Bin V 5.20 4.90 
Bin VI 4.70 4.40 
Bin VII 4.20 3.90 

A conclusive analysis on this parameter is the so called "adoption rate" which 
include the possible future market penetration of each bin enhancement 
respectively. Especially in this section discussions between EPA and HDV 
manufacture are still ongoing: according to the regulations´ last version by 2021 
60% of new trucks will comply with Bin III, by 2027 market penetration of bin V 
will hopefully exceed 50%, see Table 4.6 for 2027 previsions. 
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Table 4.6: 2027 adoption rate for aerodynamic resistance bins [14]. 

 Class 7 Class 8 
Bin I 0% 0% 
Bin II 0% 0% 
Bin III 20% 20% 
Bin IV 20% 20% 
Bin V 35% 35% 
Bin VI 20% 20% 
Bin VII 5% 5% 

4.1.4 Rolling resistance 

As done for aerodynamics also rolling resistance has been classified according to 
several levels depending on the percentage of improvement; in this case EPA 
decided to follow the Smart Way program which states specific test method and 
criteria to design low rolling resistance tyre. Level 3, for example, represents the 
future solution with a total reduction up to 25%. As done in the previous section, 
in the following tables the recommended values are expressed for a Class 8 and 
class 7 sleeper cab high roof configuration for both steer and drive wheels: 

Table 4.7: Steer tyre rolling resistance bin classification [14]. 

[kg/ton] Class 7 Class 8 
Level number Day -high roof Sleeper – high roof 
Level base 7.8 7.8 
Level 1 6.6 6.6 
Level 2 5.7 5.7 
Level 3 4.9 4.9 

Table 4.8: Drive tyre rolling resistance bin classification [14]. 

[kg/ton] Class 7 Class 8 
Level number Day -high roof Sleeper – high roof 
Level base 8.1 8.1 
Level 1 6.9 6.9 
Level 2 6.0 6.0 
Level 3 5.0 5.0 

Regarding adoption rates forecast by 2021 more the 85% of HDV is going to comply 
with level 1 or 2 (35% and 50% respectively), future wise EPA a 35% of adoption 
rate for level 3 rolling resistance; as done in the previous section Table 4.9 shows 
the adoption rate that EPA aims to reach within 2027. 

Table 4.9: 2027 adoption rate for rolling resistance bin [14]. 

 Class 7 Class 8 
Base 5% 5% 
Level 1 10% 10% 
Level 2 50% 50% 
Level 3 35% 35% 
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4.1.5 Drive axle  

In order, after rolling resistance and air drag, axle parameters must be inserted in 
the simulation tool. There are four different columns uniquely dedicated to the 
drive axle: size of tyre, configuration of the axle, drive axle ratio and axle input map. 
Size of tyre is represented according to the Equation 4.1: 

𝑅𝑒𝑣

𝑚𝑖𝑙𝑒
=

1610

2𝜋𝑅
 (4.1) 

where: 

 R is the tyre radius. 

This parameter represents the number of tyre revolution over a distance of one 
mile, it can be evaluated experimentally however, for the purpose of this thesis, it 
was possible to use standard charts based on the tyre dimension (i.e. rolling radius 
of tyre deducted from the table values of the European VECTO [1]). The tyre size of 
this analysis is: 315/70 R22.5, with corresponding rolling diameter of 1012 mm. By 
using the Equation 4.1 the corresponding Rev/mile factor is 507.  

 
Second input is the drive axle configuration: 4 possible solutions are accepted from 
the simulation tool: 4X2 6X2, 6X4 and 6X4D. Choosing different configurations 
causes large changes in the vehicle performances, it is consequently of interest to 
understand how each layout can be beneficial according to the driving conditions. 
6X2 configuration means that only one of the two rear axles can transmit power, 
this helps for reducing losses in the drivetrain and saving up to 400 pounds in 
comparison to a 6X4 tractor. The drawbacks of this solution are, as expected, lack 
of traction in particular in complicated situation such as slippery or steep road. 
Figure 4.4 shows a possible layout of the 6X2 configurations, which is also the one 
adopted in the test-truck of this thesis.  

 

Figure 4.4: 6X2 Axle configuration [21]. 

While 6x4 configurations presents opposite pros and cons in comparison with 6X2 
one, it is of interest to shortly clarify 6X4D possibility. It consists of a standard 6X4 
with the chance to insert an extended axle loss map also for a disconnected axle. 
To understand the importance of this add-on the simulation was run with a pre-
installed disconnect axle loss map and no evident changes were noticed (emission 
and fuel consumption variation less than 0.1%). Consequently, it has been decided 
to not upload any other loss map but simply keeping the connected one. Most 
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important parameter is the drive axle ratio as it represents the ratio of rotational 
speed from the gearbox output to the input at the wheel, this value is provided 
directly from Scania. 
 
Regarding GEM implementations Axle maps are part of the detailed specifications 
that can be inserted in the simulation tool, as with engine and transmission file the 
excel sheet must be located in the same directory of the input file. They consist of 
three columns representing output torque, output speed and power losses in [kW], 
having direct data from specific axle loss maps in Scania has played an important 
role for the final output in comparison with standard axle provided as it will be 
shown in the results chapter. 
 
Differently from the previous sections, axle efficiency is not divided in bins but EPA 
still provides possible solutions to improve the axle efficiency as it is reflected in an 
overall efficiency improvement in the truck driveline [8]. These upgrades must act 
on the two main losses sources: mechanical losses proportional to the torque 
transmitted and spin losses related to speed. To reduce friction, it is possible to act 
on the contact surfaces of gears by smoothing surfaces or by reducing the time 
between each gear shift. To counteract spin losses, it is possible to use low viscosity 
lubricant according to the operating temperatures. 

4.1.6 Technology improvements 

The adoption of further technological improvements represents one of the new key 
aspects of GEM Phase 2 in order for HDV to meet new standards. In the last decade 
all the automotive sector has continuously experienced new technological solutions 
aimed to improve comfort, reduce emissions and fuel consumption and provide 
safety for passenger and people around the vehicle (for example speed control 
systems, emergency braking or tyre pressure control). For the purpose of this thesis 
the main focus is on those solutions exclusively aimed to improve the fuel economy 
of the vehicle (see bullets list below). HDV manufacturer will have to adopt these 
solutions and try to balance their adoption with a fair amount of investments 
needed, consequently GEM prescribes several desired solutions with respective 
fuel economy factors in percentage in order to let companies present viable 
solutions financially acceptable but and the same time environmental friendly. 
These improvements are not specifically focused on single parts but it is instead 
considered their effects on the entire truck structure as even a small modification 
could deeply vary the performances of the entire vehicle. The list of technologies is 
as follow: 

 Weight reduction. 
 Tyre inflation – pressure monitoring system. 
 Idle reduction control. 
 Vehicle coasting controls. 
 Engine start and stop. 
 Cruise control systems. 

In order to explain why and how each element could improve fuel consumption 
and emissions some more details will be provided. Weight reduction concept is 
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straight to grasp: by reducing the total mass of the vehicle the power demand to 
overcome resistive forces  is reduced and this is highly beneficial for fuel efficiency 
and CO2 emissions in two possible ways: considering a truck that runs at its GVWR 
limit it could carry more freight thus increasing the ton-miles per gallon index, 
second case is a simple reduction of the total weight, which brings lower rolling 
resistance and less power required to accelerate or climb slopes. Phase 2 GEM 
treats weight reduction as Phase 1 by distributing the reduction 1/3 to the payload 
while 2/3 is subtracted from the overall weight of the vehicle. For this parameter 
EPA ad ICCT agreed with HDV OEM to not establish specific limit to comply with 
within 2027; main reason is due to the cost-benefit ratio: estimations assert that a 
400 pounds reduction corresponds to 2050$ more needed to produce a truck with 
just a 0.3 % save in fuel consumption. In order to help companies in choosing the 
most adequate material EPA provides a list of corresponding weight reduction 
factor according to the materials used [14], among these great effort is put on 
aluminium thanks to its corrosion resistance, durability and low specific weight. 
Following the bullets list written above second possible improvement deals with 
tire pressure system and how to measure it. As mentioned in the Chapter 2.2 tyre 
inflation is a critical parameter to consider as it strongly influences heat loss and 
rolling resistance, with a pressure below the recommended one tyres exhibit a 
larger footprint on the ground thus extending sidewall and thread shearing that are 
part of the total rolling resistance force. Several tyres companies conducted studies 
on the effects of tire pressure in respect to the overall vehicle performances, to give 
a unit of measurement every 10psi less in pressure corresponds one percent 
variation in fuel consumption [15]. Consequently as shown from these data it is 
clear how tyre pressure is unequivocally a very influencing parameter and it is thus 
important for driver to maintain a correct value, not only from a fuel economy point 
of view but also for safety reasons while driving. Two possible solutions could be 
implemented in GEM in order to guarantee correct tyre pressure: automatic tyre 
inflation systems (ATIS) or tire pressure monitoring system (TPMS): in the first 
case by using the air brake pressure is possible to automatically inflate tyre while 
the second one simply provide a warning signal to the driver. GEM models the 
adoption of these systems with a 1% reduction in fuel consumption, however the 
adoption rate is still far from a satisfactory value: EPA aims that by 2027 up to 30% 
of the vehicle will be equipped with ATIS while 70% presents at least the TPMS 
system [14]. 
 
Under the label of “idle reduction” several technologies could be included ranging 
from start and stop system to thermal storage system and battery supplied air 
conditioning. For sake of convenience GEM does not differentiate between all the 
possible implementations in terms of effectiveness but via experimentations has 
shown how each possible technology correspond to a different percentage of idle 
reduction to be used as input [14]. To provide some Figures Automatic Engine Start 
and Stop Systems can provide a reduction between 2 and 6 depending on their 
control architecture and a possible market penetration of 50% within 2027. To 
underline the importance of this system it has to be remembered that idling phase 
is usually underestimated during fuel analysis, it has been proved that for long haul 
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tractor in particular this phase can be up to 1800h per year with an average of 0.8 
gallons per hour of gasoline consumed [15].  
 
Last technology that’s worth a detailed analysis is the cruise control system, a 
solution aimed to keep a constant speed during favourable situation and reducing 
fuel consumption by using constant operational points, thus avoiding cycle to cycle 
fluctuations; its working principle is shown in Figure 4.5. For Class 8 tractors the 
implementation of this technology is without doubts highly useful as they spend 
most part of the time on highway and motorways road, GEM estimate a total of 2% 
reduction in emissions and fuel consumption. Figure 4.6 shows expectable fuel 
consumption improvements in the 2015-2027 period for different type of vehicles 
and trailers, excluding hybrid configurations as they are not part of GEM part 2. 
Among the different sources of reduction taken into configuration engine 
improvements are still by far the most representative solutions together with 
aerodynamic design development for the combination tractor-trailer (column on 
the left). Of course a more meaningful comparison will be the one related to the 
costs needed to apply these specific improvements, nevertheless by introducing 
engine and transmission maps GEM allows a complete different point of view on 
different medications that could be done to improve fuel economy of OEM fleets. 
 

 

Figure 4.5: Cruise Control architecture [22]. 
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Figure 4.6: Potential fuel consumption reduction 2015-2027 [23]. 

 

4.2 Output analysis 

Once the simulation is run, two files are created in the directory chosen, the first 
one is a notepad file that lists all the possible errors encountered during the 
simulation process, the second one is the output excel .csv file which looks exactly 
like the input one with just extra columns on the right. As mention before GEM is 
a close simulation programme with a defined and unchangeable structure and 
internal coding systems, this is highly beneficial when errors pop up because the 
note file created will tell the user exactly where is and what is the error, thus 
minimising the error checking time and allowing users to perform more calculation 
with almost no error detection period. The following two tables represent the 
typical output configuration for the average case and the detailed case phase by 
phase. 

Table 4.10: Standard output configuration. 

Data/Time GEM CO2 
Emission 

GEM 
Consumption 

FEL CO2 
Emissions 

FEL 
Consumption 

YYYY MM 
DD 

[g 
CO2/short 
ton-mile] 

[gal/1000 
short ton-mile] 

[g 
CO2/short 
ton-mile] 

[gal/1000 
short ton mile] 
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Table 4.11: Detailed output configuration. 

Driving 
Phase– 
Cruise 
55mphs 
Crankshaft 
Avg Speed 

Crankshaft 
Avg Torque 

Crankshaft 
N/V 
 

Crankshaft 
Pos Work 

Transmission 
Pos Work 

[RPM] [Nm] [Rev/m] [kWh] [kWh] 
Axle Pos 
Work 

Fuel 
Consumed 

Emissions Emissions Shift Count 

[kWh] [g] [g Co2] [g CO2/ton-
mile] 

# 

The first table (Table 4.10) refers to the total cycle evaluation where column 
number 2 and 3 refers to the raw values while FEL values refers to the Family 
Emissions Limit that the agencies EPA and NHTS will use for compliance, the CO2 
value is always reported with a single decimal for tractors. The detailed table (Table 
4.11), as mentioned, provides values for different powertrain components, the 
value N/V refers to the ratio between rotational and linear speed and it is of 
particular interest when the user has to find a relation between vehicle velocity and 
wheel speed. Emissions are provided in two different unit measures to assure an 
easier comparability between different phases or in comparison with the generic 
output values. However the same approach is not possible for fuel consumption: 
the adoption of two different unit measure between the first and the second table 
does not allow a comprehensive comparison, in relation to this the detailed form 
has been extended with the average weighted value in grams of fuel consumption 
as shown in the Table 4.12 below.  

Table 4.12: Extended detailed output per driving phase. 

FC_weighted FC_55mph FC_65mph FC_Trans Avg_weighted 
[g] [g] [g] [g] [g] 

The formulas below clarify how these columns are calculated: 

𝐹𝐶 = 0.09 ∙ 𝐹𝐶 ,  (4.2) 

𝐹𝐶 = 0.86 ∙ 𝐹𝐶 ,  (4.3) 

𝐹𝐶 = 0.05 ∙ 𝐹𝐶 ,  (4.4) 

𝐹𝐶 = 𝐹𝐶 + 𝐹𝐶 + 𝐹𝐶  (4.5) 

Where the multiplication factors represent the weighted coefficient of the different 
driving cycle phases for a Class 8 sleeping cab tractor. Thanks to these passages it 
is possible to compare average specific phase fuel consumption as they now come 
with the same unit measure. 
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5. Results 

This chapter will provide all the outcomes of the thesis in terms of GEM outputs, 
their comparison with other relevant simulation tools and how the introduction of 
a custom road gradient affects the fuel consumption. The final aim of this report is 
therefore to validate the GEM Phase 2 simulation tool by means of comparison 
with the European simulation tool VECTO [1] and an internal Scania Excel file used 
for fuel consumption and emissions analysis.  
 

5.1 Road gradient analysis 

As already described in the Chapter 2.4 GEM pre-installed driving phases include, 
for the constant speed cases, a variable road gradient as can be seen in the Figure 
5.1. 

 

Figure 5.1: Road gradient profile on constant speed driving phases [8]. 

The part of positive slope will affect negatively the fuel consumption while downhill 
phase will mitigate the average fuel consumption as brake heat losses are not 
considered in this analysis.  
 
EPA provides the specific driving cycle with specifications on road gradient, speed 
and distance at each second, hence it is possible by using the vehicle data provided 
by Scania to calculate second by second the tractive force, engine torque and power 
and respective wheel data. The formulas below sum up the procedure adopted. 

𝐹 = 𝑚𝑔(sin 𝛼 + 𝑓 cos 𝛼) +
1

2
𝜌𝐴𝐶 𝑣  (5.1) 

𝑇 =
𝐹 𝑣

𝜔 𝑈 𝜂
 (5.2) 
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Where: 

 𝑓  is the rolling resistance coefficient. 
 𝛼 is the slope of the road. 
 𝐴 is the frontal area. 
 𝐶  is the aerodynamic coefficient. 
 𝜔  is the wheel speed. 
 𝑈  is the axle drive ratio multiplied by the gear ratio. 

 𝜂  is the driveline efficiency, set at 85%. 

Fuel rate is originated from the interpolation of the provided engine map (engine 
speed, torque and fuel rate point by point) with the calculated one time-wise, the 
tool used to perform this interpolation is an excel add-on called XlXtrFun-xll that  
is a package with several functions to perform 2D and 3D various interpolation. 
Considering that there are 5 variables in this analysis (engine speed and torque 
from both engine maps and calculations previously explained and fuel rate of the 
engine maps) by adopting the “interp3D” function it is possible to deduct the fuel 
rate second by second. The function automatically creates a polynomial fitting 
curve using the least squares method without building elaborate matrices. 
 
Of course by simply applying these formulas to negative slopes it will correspond, 
respectively, negative engine torque and negative fuel rate, which it is not possible 
in reality. To avoid this problem, the engine motoring torque map has been used. 
Those value represents the minimum limit of engine torque by which the fuel rate 
is not negative anymore. After inserting this new threshold, the graph fuel rate vs 
distance looks as in Figure 5.2. 

 

Figure 5.2: Fuel rate vs distance graph with motoring torque limitation. 
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Once the fuel rate second by second is calculated, a normal integration is needed 
to achieve the overall fuel consumption. Also in this case to achieve a more precise 
estimation a trapezoidal method has been used instead of a classic rectangular 
integration, according to the Simpson’s formula expressed below [24]: 

𝑓(𝑥)𝑑𝑥 ≈  
∆𝑥

2
[𝑓(𝑥 ) + 2𝑓(𝑥 ) + ⋯ + 2𝑓(𝑥 ) + 𝑓(𝑥 )] (5.3) 

The chart below summarises the final results in terms of variation of fuel 
consumption. In both cases road gradient affects negatively this output, a possible 
reason why the margin at 55mph is more affected than the one at 65mph could be 
caused by how the engine maps are intended: for long haul truck (as the one in test) 
it is vital to maximise performances and fuel economy at highway speed it is 
therefore possible to assert that in this case the influence of aerodynamic drag 
(higher at 65mph as it is proportional to the quadratic square of velocity) is way 
less important than the engine mapping previously set.  

Table 5.1: FC increase due to road gradient.  

Cruise speed Increase of FC 

55 mph 7.1% 

65mph 2.5% 

 

5.2 GEM Phase 2 results 

This section shows the output results of the simulation tool from the chosen Scania 
tractor. Before summarising output values and relative parameters variation it is 
worth digging into the excel output sheet and understand how it has been set up in 
order to then provide a full clarification of the parameters variation consequences. 
Apart from regulatory names and vehicle classes first technical input are 
represented by engine and transmission maps followed by axle maps and vehicle 
parameters. Among these it is relevant the importance of the axle file; it has been 
noticed that, in comparison with a default axle established by EPA, Scania axle can 
achieve significantly better performances as shown in the Table 5.2: 

Table 5.2: CO2 and FC reduction exclusively due to axle maps. 

Parameter Δ Scania – EPA default axle [%] 

Avg_weighted FC [g] 3.61% 

CO2 emissions [g]  3.61% 

Consequently it is interesting to understand how point by point Scania axle 
configuration and loses maps perform with respect to the default one. Since the 
operational points provided for the Scania one where shifted in terms of output 
speed and torque and the number of points was exceeding the one of the other axle, 
a 3D interpolation via the same Excel-tool previously mentioned was necessary to 
perform a fair comparison. Figures below shows the point distribution of the two 
axles before and after the interpolation. 
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Figure 5.3: Axle maps before interpolation. 

 

Figure 5.4: Axle maps after interpolation. 

As it can be noticed after achieving corresponding speed the power losses of Scania 
axle are sensibly lower than the one from the default axle: on average a 63% 
improvements has been calculated. 
 
To provide a meaningful way of comparison the output of GEM Phase 2 will be 
provided with an inclusive parameters variation aimed to explain in details the 
solutions that could be implemented future wise. Consequently, each variation 
applied to each parameter is directly correlated to the possibility offered from EPA 
through the bins policy described in the input chapter.  
 
The following table (Table 5.3) summarises the changes adopted in each parameter 
according to the suggested future wise improvements expressed in the regulations 
[14]. The approach followed was choosing a drastic improvement to better 
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underline best-case scenario in case HDV manufactures will be willing to invest big 
part of the profit in the fuel economy sector. 
 

Table 5.3: Parameters variation. 

Parameter Variation 

𝐶 𝐴 [𝑚 ] ± 15% 

Rolling resistance coefficient [kg/ton] ± 15% 

Weight reduction  -400 lbs 

Idle reduction 2% 

Technology reduction 5% 

For company privacy reason no exact output number will be provided in this thesis, 
it is instead of interest to see how parameters variation affect CO2 emissions and 
fuel consumption as it corresponds to a possible future implementation in the HDV 
sector. The results will be therefore provided in terms of variation in percentages 
from the default value (set as 100%). Since the tool was run in the detailed output 
mode (see chapter 3), the difference will be explained depending on each driving 
phase plus a general average value.  

The first two pictures (Figures 5.5 and 5.6) show how variation of aerodynamic 
coefficient affects CO2 emissions and fuel consumption. Table 5.4 summarises the 
effects of the parameters variation. 

As expected velocity plays an important role in case of aerodynamic coefficient 
variation as expressed in the equation of the aerodynamic drag resistant force: 

𝐹 =
1

2
𝜌𝐴𝐶 𝑣  (5.4) 

 

 

Figure 5.5: Aerodynamic variation effects on weighted fuel consumption. 
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Figure 5.6: Aerodynamic variation effects on unweighted CO2 emissions. 

As done for aerodynamic coefficient same analysis will be carried out for rolling 
resistance coefficient variation (Table 5.4 and Figures 5.7 ad 5.8). As expected in 
this case vehicle velocity will not affect the overall outcomes, as rolling resistance 
is directly linearly proportional to the velocity. 

 

Figure 5.7: Rolling resistance variation effects on weighted fuel consumption. 
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Figure 5.8: Rolling resistance variation effects on unweighted CO2 emissions. 

 

Table 5.4: Rr and CdA variation effects. 

CO2 emission CdA Variation FC CdA Variation 

55mph 5.2% 55mph 5.2% 

65mph 6.2% 65mph 6.2% 

Avg weighted 5.7% Avg weighted 5.7% 

 

CO2 emission Rr Variation FC Rr Variation 

55mph 2.3% 55mph 2.3% 

65mph 2.3% 65mph 2.3% 

Avg 2.2% Avg 2.2% 

Last parameter variation analysis refers to the technological improvements that 
could be applied (see chapter 4), for this case only the influence on the carbon 
dioxide emissions will be provided for three main modifications: idle reduction, 
weight reduction and generic technological improvements. The results are 
presented in Figure 5.9 and Table 5.5. In figure 5.9 number 1 on x-axis refers to no 
improvement applied while number 2 represents the technological improvement 
applied. 
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Figure 5.9: Technological improvements effects on CO2 emissions. 

 

Table 5.5: Technological variations effects. 

Parameter Variation 

Idle reduction 2% 1.87% 

Weight reduction -400lbs 0.40% 

Technological improve. 5% 4.90% 

As it can be seen from Figure 5.9 a 5% technological improvement represents the 
most beneficial solution in terms of fuel economy, however two main drawbacks 
are linked to this solution: first of all, this 5% can be achieved only implementing 
different systems (for example improved air conditioning and cruise control) and 
not uniquely with one technology, second problem is represented by the cost of the 
implementations. Even if this topic is not part of this thesis it is clear that the most 
beneficial way to assert improvements is considering the ratio benefit versus 
money invested. However since this analysis simply present the desired 
improvements wished by EPA it’s possible to only assert how companies should 
push their boundaries towards more high tech developed HDV with technologies 
that could at the same time smooth long trips, increasing driving comfort and being 
beneficial for the environment.   
 

5.3 GEM Phase 2 validation 

The last and most important analysis on GEM Phase 2 involves its validation. 
Different ways could be used to validate the results of the simulation tool, for 
instance one of the most effective one is the comparison of the outputs with the 
ones obtained through a chassis dynamometer measurement or a real driving test. 
In this case a different approach was pursued to validate the US simulation tool by 
using two other simulation tools currently used in Europe and inside Scania. The 
first one is called VECTO [1] and it is the counterpart of GEM in Europe, it presents 
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a different software architecture, different input structure and most importantly 
the possibility to insert freely the driving cycle. Since there are different inputs 
between the two simulation tools a difference is expected also because while filling 
in the VECTO file some data were missing and hypothesis were made. Without 
going to much in details in a software, which is not part of this report, it is 
important to mention that VECTO presents a broad output excel file with Power 
and Torque information at each powertrain step and fuel consumption maps. For 
the purpose of this results chapter the only meaningful comparison regards the 
work output of the axle and the fuel consumption in [l/100km]. A second 
simulation tool used for comparison is a complex Excel file modelled inside Scania 
and only available inside the company; in this excel sheet a wide range of inputs 
are required to perform a meaningful analysis, in this case more and important 
hypotheses were done in order to have all the necessary information. The following 
formulas will explain in details how it has been dealt with these assumptions: 

i. How rolling resistance is divided between tractor and trailers: considering 
that the tractor has 5 axle in total (3 axle front and 2 for the trailer) rolling 
resistance has been split accordingly considering the weighted average. 

ii. The driving resistance coefficient F0, F1 and F2 that are usually directly 
correlated with the rolling resistance and aerodynamic drag, as expressed 
in the formulas below: 

𝐹 =
𝑅𝑅𝐶

1000
∙ 𝑚 𝑔 (5.5) 

𝐹 = 0 (5.6) 

𝐹 = 0.5𝐶 𝐴𝜌 (5.7) 

iii. Power of the auxiliaries has been calculated by multiplying speed and torque 
from the engine map during idling phase, without specifying how each 
element contributes to it. 

iv. No inertia was considered as the driving cycle phases used were only the one 
at constant speed. 

Considering the premises, the two simulation tools are tested for the same driving 
cycle as prescribed in GEM. The results are provided in terms of differences 
between each simulator and GEM, see Table 5.6. 

Table 5.6: variation between the three simulation tools. 

Parameter Unit measure Δ Excel-GEM Δ VECTO-GEM 

W_ax_output [kWh/km] 0.10% -0.11% 

FC [l/100km] 0.80% 0.92% 

VECTO and the Excel tool were previously checked for different driving cycle inside 
Scania and showed encouraging positive results versus the chassis dynamometer 
reference, a small sum up is presented in Table 5.7. 
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Table 5.7: Excel tool and VECTO vs chassis dyno. [25] 

Parameter Unit measure Δ Excel-CD Δ VECTO-CD 

W_ax_output [kWh/km] 0,10% -0,1% 

FC [l/100km] -2,3% -3,2%% 

Considering that all the results between the three different simulation tools are 
within a range of 1% error and that Excel and VECTO were already be proven 
against the chassis dynamometer reference, it is possible to definitely assert that 
GEM Phase 2 provide a reliable result for the truck in analysis . However this does 
not represent a complete validation because all the tests were simply run on one 
solely truck, considering the various amount of possibilities that could be inserted 
in GEM in order to fully validate the simulation tool further tests are needed, at 
least by covering the entire vehicle fleet available. As mentioned in the previous 
chapter each HDV category and subcategory presents different specification, rules 
and parameters therefore it is not obvious that for all vehicles GEM, Excel and 
VECTO results will be in a 1% span.  

Nevertheless, the complex architecture of GEM seems to match the other ones: 
even if profound and structural hypothesis were applied, especially in comparison 
with the Excel tool, the results do not differ significantly thus implying a similar 
approach in the evaluation of fuel consumption and greenhouse gasses emissions; 
errors within 3% are always expected as they are directly deducted from the 
different approaches to same parameters. The trend of the bar graph in Figure 5.10 
was also expected with this ratio of difference since the output work from the axle 
is dependent on less parameters than the overall fuel consumption; by imagining 
the powertrain of the vehicle as stair at each step it is possible to find source of 
error, the more someone goes up the more mistakes could be found and fuel 
consumption comes as final step since it considers all the different stages before. 
As mentioned before, usually the chassis dynamometer measurement and real 
driving test represents the reference value for a comparison and benchmarking 
analysis. VECTO and excel tool have already been tested against these two ways of 
measurement and shown encouraging and positive results thus same could be 
expected from GEM as well, and Scania or its American partner Navistar are then 
encouraged to carry out similar measurements in the  nearby future.    



50 
 

 

Figure 5.10: Gaps between the three simulation tool analysed.  
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6. Conclusion 

The efforts devolved by EPA in realising this complex simulation tool go beyond 
the simple software architecture analysis. New regulations imply stricter rules for 
more environmental friendly systems of transportation thus the authorities most 
important aim is to create a system of rules to prevent an escalation of emissions. 
Encouraging results are presented in this thesis as well as deep characterisations 
of the software architecture and working principles of the main parameters: for the 
investigated Scania truck (see Figure 2.7) GEM shows very similar results in 
comparison to the its European counterparts even though the software architecture 
is different.  

As it was clearly depicted in Chapter 4.1 possible future wise design and technical 
modifications will imply big changes and will profoundly re-shape the HDV in the 
next years on the other side this parameters variation concept strongly interfere 
with the amount of investments needed to carry out such modifications. However 
what is most important to mention as conclusion is that a continuous development 
is still needed in designing emission analyser software tools, HDV are a complex 
system to deal with characterised with different specifications and multiple and 
various solutions. At the same time, it is also complex to create a tool flexible 
enough to cover the several technological and design improvements which are 
going to characterised HDV in the upcoming years.  

Sustainable mobility is one of the major challenge of the century and considering 
US as the second biggest economy worldwide it is crucial to promote more 
ecological system of transportation and to push OEM in investing their revenues in 
sustainable development.  
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7. Future work 

The introduction of this new simulation tool has put pressure on the HDV 
manufacturer that now have to fast adapt to the new limits in order to prevent fines 
or even worse scenarios. Scania, that is in a commercial partnership with the 
American OEM Navistar, looks at these evolution processes of the other side of the 
Atlantic Ocean to understand how possible could be to use its proper components. 
Considering these premises this work poses just a first step; even though GEM is 
not a difficult tool from the input selection it is broad from the application point of 
view consequently a deeper analysis is highly advisable.  

Future possible works involve further investigations on different type of vehicles to 
understand if the difference between the simulation output and the chassis dyno 
are kept to a reasonable level, furthermore it could be of interest from the company 
side to measure the results on a real Navistar truck, maybe with Scania components 
to understand if the combination could be effectively used on the American roads. 
As worldwide spread company it is vital to keep an eye on all the different markets 
that nowadays still present different regulations in terms of emissions and fuel 
consumption levels to comprehend how deep the market penetration can increase 
and if there are possibilities to be competitive against other brands.  
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