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ABSTRACT
Increasing fuel efficiency and reducing CO2 emissions in road transport is the main agenda of the heavy-duty automotive
industry, which is the locomotive of road freight transport in Europe. Fuel efficiency is one of the most important competitive
factors affecting the sales figures of heavy-duty vehicles such as trucks and trailers. A regulatory requirement has arisen for
standardized measurement and validation of fuel efficiency and CO2 emission rates of heavy-duty vehicles and vehicle combinations of many types, shapes, and sizes. In 2018, a standardized computer simulation (VECTO) was published by the European
Union that provides the calculation of CO2 emission values and fuel efficiency of heavy-duty vehicles. VECTO provides market
customers with the opportunity to compare heavy-duty vehicle offers and select the most efficient vehicle combination according
to their operational needs. In this article, studies containing information about VECTO in the literature were compiled and the
potential of VECTO in reducing greenhouse gas emissions was examined.
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1. Introduction

more technology to increase efficiency. Furthermore, by the end of
2022, the European Commission must assess additional aspects that
were left out in the first phase of the standards but that can increase
the effectiveness of the CO2 regulation [19]. Some of those aspects;
are incentive mechanisms for electric trucks, new CO2 targets for
2035 and 2040, and the inclusion of trailers in regulation. In this context, it is of great importance for manufacturers to know VECTO,
analyze it correctly, and correctly identify the points that need to be
focused on for efficiency.
Heavy commercial vehicles cannot be compared with light vehicles in terms of standardizing their carbon emissions. Because heavy
commercial vehicles come in many shapes, sizes and weights, there
are thousands of different types on the market. Also, unlike lightduty vehicles, HDVs are sold with many possible combinations of
engines, transmissions, and body styles. To type-approve all the possible combinations would be expensive and impractical, so engine
dynamometer testing has historically been the preferred method for
criteria pollutant emissions type-approval tests of heavy-duty engines [16]. VECTO takes the results from the testing, or measurement, of key relevant components of the HDV as inputs, and calculates the fuel efficiency and CO2 emissions of their use together (i.e.

The EU has started to reshape all its policies on the axis of climate
change to achieve the rising targets of combating climate change
with the European Green Deal. In order to reduce climate, energy,
land use, transport, and taxation policies, a draft law package named
“Fit for 55” has been published, which includes a series of legal regulations; on the other hand, announced the draft carbon regulation at
the border, which envisages the implementation of a system parallel
to the ETS in imports. Within the scope of the package, many
measures such as increasing the use of renewable energy, more energy efficiency, lower-emission transportation modes, and the infrastructure and fuels that will support them, setting a zero-emission
target for new motor vehicles to be put on the market by 2035, aligning taxation policies with the Euro-pean Green Deal targets, etc.
commission recommendations are included.
With the legislation published by the authority on the efficiency
and greenhouse gas emissions of heavy-duty vehicles in Europe, it
can be understood that responsibilities for increasing efficiency are
at the door for HDV manufacturers. To achieve a reduction of greenhouse gas emissions of 15% by 2025 and 30% by 2030, manufacturers have a lot of responsibilities. Manufacturers need to work on
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for the whole vehicle) driven over vehicle-class specific mission profiles [17]. Vehicle Original Equipment Manufacturers (OEM) have
to use VECTO to determine the fuel consumption and CO2 emissions of the vehicles undergoing the certification process and subsequently report officially the CO2 emissions values [18]. The potential benefits of VECTO compared to the traditional physical testing
approach are discussed later in the article.
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the fuel consumption and CO2 emissions of a given vehicle [6]. For
the following components, relevant input data for VECTO must be
delivered from standardized test procedures: Vehicle mass, tires, engine, transmission, and aerodynamic drag [2]. VECTO calculates according to the transport operation of the heavy-duty vehicle. For example, since the conditions will be different in regional transportation and long-distance transportation, these are defined in the system
as a variable.
VECTO simulates CO2 emissions and fuel consumption based on
vehicle longitudinal dynamics using a driver model for simulation of
target speed cycles. Engine speed is determined based on a gearshift
model, the gear ratios, and the wheel diameter. Fuel consumption
and CO2 emissions are then interpolated from an engine fuel/CO2
map [7]. Fig. 2. shows the scheme of the general VECTO model.

2. VECTO Review
2.1. The effect of HDVs on greenhouse gas emissions: Market
overview
Despite their relatively small numbers, on-road commercial vehicles are responsible for a disproportionately large percentage of
transport sector fuel consumption and GHG emissions due to their
heavier weight and the greater number of miles traveled [1]. Road
transport accounts for the vast majority – around 70% – of all
transport emissions [2]. Curbing the CO2 emissions of the HDVs
globally is of key importance for increasing the sustainability of the
transport sector [3]. Fig. 1. shows the share of HDVs in greenhouse
gas emissions originating in the EU.

Figure 2. Scheme of the VECTO model [8].

VECTO has the potential to positively affect technical developments on productivity and the economic dynamics of countries. Unlike engine dynamometer tests, simulation can capture the influence
of individual components upon whole-vehicle efficiency, and unlike
whole-vehicle dynamometer testing, simulation makes it possible to
test a high number of vehicle types and subtypes with small marginal
costs [16]. Thanks to VECTO, the greenhouse gas emission values
of heavy-duty vehicles of many shapes, sizes, and weights are easily
measured with the help of theoretical calculations proven by physical tests. By obtaining the data calculated by VECTO from the manufacturers, the market customers learn the fuel consumption of the
vehicle they will buy from a reliable standard source.

Figure 1. GHG Emissions from EU Transport [4].

On February 19, 2019, representatives of the European Commission, the European Parliament, and the European Council agreed on
a compromise for setting carbon dioxide (CO2) emission standards
for new heavy-duty vehicles (HDVs) for the first time in the European Union (EU). The targets will reduce the average CO2 emissions from the highest emitting HDV segments by 15% in 2025 and
by 30% in 2030, both relative to a baseline determined from 2019
and 2020 data. [5].

3. How to reduce GHG emissions from HGVs
Allowed vehicle length and weight, trailer design, driving dynamics, transport operation, and infrastructure are the main parameters
in reducing C02 emissions. The main sources of efficiency improvement in vehicles are improvements made in the engine, tires, and
aerodynamics. Driving support systems, in addition to the main resources, help vehicle users to use the vehicle more efficiently, helping to increase efficiency. Trucks have the potential to achieve twothirds of the total improvement in CO2 emissions. Improving the
aerodynamics of vehicle trains (truck-trailer combination etc.) can
contribute to reducing CO2 emissions. Efficiency can be greatly increased by using many techniques together. Every little improvement in productivity is like a piece of the puzzle.

2.2. What is VECTO?
The Vehicle Energy Consumption Calculator Tool (VECTO) is
software made available to the public by the European Commission
for calculating the fuel consumption and greenhouse gas emission,
thus efficiency, of a complete vehicle. VECTO was included in the
vehicle type approval regulation in May 2017 as an official software
documenting the greenhouse gas emissions and fuel consumption
values of heavy-duty vehicles in Europe. VECTO software has some
modules. These are the Air Drag tool and Engine tool which are required for the calculation and certification of various efficiency
measures. For a given driving cycle and payload, VECTO uses the
results of component testing and vehicle characteristics to simulate

3.1. Operations & driver training
Driver training is very important. Because driving dynamics affect
the fuel consumption of vehicles. It is possible to reduce CO2 emissions by optimizing vehicle speed, focusing on efficiency in driving
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techniques, route planning, and efficient loading-unloading operations in accordance with the conditions of the region where the transportation will be made. For this purpose, it is aimed to improve the
driving behavior of drivers through GPS-based, automatic gear shifting strategies and 'eco-driving' modes in new generation trucks.
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As an example, the load carried by a standard 16.5-meter tractorsemi-trailer combination can be transported at one time by one 25meter truck-trailer-trailer combination. Infra-structure studies must
be ready for long vehicle combinations to be used efficiently within
Europe. Depending on the route conditions, long train vehicles may
be preferred, but since long vehicle combinations can cause problems on the roads in transit circulation between countries, they are
applied in countries where road conditions allow.
After Finland and Sweden joined the European Union in the
1980s, the EMS approach began to be developed. The event that triggered this approach was the inclusion of Scandinavian countries
such as Finland and Sweden. Both countries have long allowed combinations of long and heavy vehicles on highways. After joining the
Union, restricting the mass and dimensions according to the current
legislation of the EU would limit the competitiveness of both countries. For this reason, the EU reached a consensus and decided on a
standard concept. EMS is defined in article 4(b) of the 96/53 EC directive. Thus, every member state in the EU is free to use any of the
standardized concepts. This has also contributed to the creation of a
competitive environment in increasing productivity. Thus, the share
of this technique in reducing greenhouse gas emissions is understood.
According to ACEA, the fuel savings that can be achieved by increasing the load carried at once and the decrease in greenhouse gas
emissions are given in Fig. 4. Of course, for this concept to be seen
more on the roads, the road infrastructure must be suitable.

3.2. Maximum weights and dimensions
Efficiency in transportation can be increased by increasing the
maximum allowable mass and dimensions. Variable vehicle combinations are the best example of this. The European Modular System
(EMS) is a method that allows combinations of vehicles to be longer
and heavier in certain transport zones. EMS increases efficiency and
reduces environmental damage. National authorities approve a vehicle combination that is longer and heavier than a standard vehicle
combination that is 16 meters long and weighs 40 tons. Thus, EMS
makes it possible to transport more cargo at once. The use of this
concept in Europe, where road transport is intense, means a great
contribution to increasing efficiency. Another feature of EMS is that
it brings more flexible solutions. If road conditions allow, long vehicle combinations or shorter vehicle combinations can be used flexibly according to the requirements of the operations. Thanks to the
trailers and semi-trailers that can be connected one after another by
mechanical connection, it is very easy to implement, and countries
can adapt to their local conditions. Fig. 3. shows the possible combinations of EMS.

Figure 4. Efficiency increases with modular system use [7].

3.3. Highway infrastructure
Road infrastructure is one of the main factors in greenhouse gas
emissions. Efforts to increase the availability and capacity of road
infrastructure will directly play a role in reducing greenhouse gas
emissions. Contribution to emissions targets can be achieved by constructing and maintaining roads with low rolling resistance.
Another infrastructure issue is the improvement of traffic flow.
The use of intelligent and connected transportation networks using
intelligent transportation systems (ITS) is important. The vision for
ITS is one of “intelligent mobility towards fully informed people,
zero accidents, zero delays, with reduced impact on the environment,
where services are affordable and seamless, with privacy respected
and security provided” [10]. By allowing the transportation operations to be carried out with long vehicle combinations, the road structure indirectly increases efficiency.

Figure 3. Possible combinations of EMS [9].

The European Modular System (EMS) allows more loads to be
transported at once by combining trailers and semi-trailers. CO2
emissions can be significantly reduced in transportation with highcapacity vehicles. Long vehicle trains offer the same carrying capacity with fewer vehicles. Thus, lower carbon emissions and fuel consumption are achieved.
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3.4. Energy Recovery from HGVs
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3.5. Platooning
Platooning is when two or more electronically communicating vehicles travel in close succession in a convoy on the highway. The
other trucks in the convoy follow the lead truck in front. Drivers can
leave the conveying and act independently if desired. Tests are ongoing to commission this technique in Europe. Conveying reduces
fuel consumption and CO2 emissions. Considering the close movement of the trucks in a row, the air friction per vehicle is reduced,
providing a great advantage in terms of aerodynamics. We can liken
this technique to birds flying in groups. According to the study by
Ertico, the conveying technique provides up to 16% improvement in
CO2 emissions in vehicles following the leader. A photograph of the
tests carried out by Scania CV AB is given in Fig 5.

There are many factors that increase the fuel consumption of
trucks and create inefficiency. These factors combine to create a
huge inefficiency. The strong dependence of the loss mechanism on
the duty cycle, payload, and vehicle type results in wide-ranging estimates for the respective typical losses [11]. Table 1. shows an overview of the loss areas targeted by the technologies for providing efficiency. There are currently several new technologies being implemented into VECTO, which are not yet applicable to new vehicles
being registered now [12].
By using existing energy recovery methods, fuel consumption and
thus CO2 emissions of vehicles and vehicle combinations used in
road freight transportation can be greatly reduced. Energy recovery
has been the subject of research and innovation in patents since the
1970s. In recent years, manufacturers have realized that energy recovery systems offer cost-effective alternatives to increase efficiency and that the potential benefits of these systems are open to
development. ERS is used by many vehicle manufacturers today. In
an automotive industry that is clearly focused on efficiency gains,
the increase in new vehicles using ERS highlights the energy use
benefits of these techniques.
Table. 1. List of technologies by category [13].

Figure 5. HDV platoon traveling of Scania CV AB [14].

This technique also increases security. The vehicles in the conveying brake automatically; when the leading truck brakes, the following trucks automatically react 5 times faster than a human can
react and brake automatically. It allows drivers to carry out their
daily routines such as daily administrative work or searches.
It is necessary to introduce legal regulations and standards to further
improve the conveying technique. In addition, conveying incentive
taxation contributes positively to the increase in the number of vehicles using the technique. The most important factor in putting this
technique into use is the regulation of the highway infrastructure. In
this direction, serious infrastructure investments of countries are required. Physical tests will more clearly demonstrate the usefulness
of the technique. Standard conditions are important: For example,
how many vehicles should be in the conveying to maintain efficiency? The answers to such questions can be given because of research and tests. The recent emergence of several platooning-related
projects indicates that platooning is becoming increasingly important [14].

Internal combustion engines convert very little of the energy they
take from the fuel into work. Much of this useful energy is lost
through inefficiencies. In terms of trailers, which are non-motorized
vehicles; increasing the total efficiency, especially in heavy tonnage
trailers, is of great importance in terms of reducing carbon emissions.
With the energy recovery systems and aerodynamic modifications
to be installed on the trailer, it is aimed that the motor vehicle pulling
the trailer will consume less energy, thus reducing the carbon emissions and increasing the total efficiency.
In the AEROFLEX AB project carried out by companies such as
TIRSAN, Van ECK, Scania, 4-5% thanks to double-deck loading
platforms, 4-6% using the loading area more effectively, 5-12% due
to the integration of more flexible, advanced powertrains, aerodynamic improvements applied to the complete vehicle. Thanks to the
project, 5-10% energy savings were aimed at, and it was revealed
that up to a 30% efficiency increase could be achieved at the end of
the project. Thus, it has been proven that VECTO is not just a theoretical approach.

4. Comparison of EU-US GHG Emissions
Theoretical and artificial frameworks put into effect by the legislation may not coincide with real-life CO2 emission values. This is
the difficulty of regulatory approaches introduced by legislation.
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CO2 emissions from trucks and trailers cannot be addressed in a single regulatory policy, as trucks and trailers come in thousands of different shapes and sizes. Considering the multi-stage production process of trucks and trailers, which manufacturer should be responsible
for the compliance of a completed truck or trailer with the legislation
becomes a separate issue. In the current approach, 35 different legal
regulations have been made by considering only the most important
truck classes, as the uniform legislation will not apply to all truck
classes. VECTO addresses these complex and inefficient regulatory
processes.
With the relevant legislation, it is obligatory to declare the CO2
values for every truck produced in the EU. In the future, this legislation will also be inclusive of trailers. In the USA, the calculation of
CO2 data is non-specific due to the small variety of engines used and
the limited number of input parameters. While in the USA all manufacturers use a generic engine type, in Europe the input data must
be inclusive of the actual performance of each manufacturer's unique
engine type. When analyzed based on weight carried at one time, in
the current legal framework, the standard vehicle combination used
in the EU emits 16% less CO2 compared to the vehicle combination
used in the USA. When analyzed based on the volume transported
at one time, the standard vehicle combination used in the USA is
compared to the standard vehicle used in the EU. Compared to the
combination, it performs better in terms of CO2 emissions. As seen
in Fig. 6. US standard vehicle combination can legally carry 21%
more volume.
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5. Conclusion
Fuel costs account for 30% of operating costs in the transport sector. The fuel factor is of great importance in increasing the competitiveness of transport service providers. That's why Fuel efficiency
and CO2 emissions targets are market-oriented. According to
ACEA's data, the total operating costs of the tractor-semi-trailer
combination with a total combined weight of 40 tons are given below in Fig. 7.

Figure 7. Total operating costs of a 40-tonne tractor-semitrailer combination [15].

Based on the standard, reliable and transparent software, all customers can see the fuel consumption values of the vehicles they will purchase, which will contribute to the selection of the most efficient vehicle and therefore to the reduction of greenhouse gas emissions.
This will also increase the competitive environment for efficiency in
the market. Both the competitiveness of the market will increase and
the damage to nature will be minimized. With the VECTO legislation, a carbon emission reduction target of 15% until 2025 has been
set. This target for 2030 is 30%. If vehicle manufacturers cannot
achieve the carbon emission values determined in the target-ed years,
they will have to pay a fine for each vehicle. VECTO provides customers with real and reliable information about the fuel efficiency of
their heavy-duty vehicles and vehicle combinations by calculating
the amount of CO2 emitted per ton, the amount of fuel consumed,
with inputs such as the volume and weight of the cargo. This simulation tool will enable customers to choose the most economical vehicle specification. Various configurations such as engine-transmission combination, aerodynamic characteristics, and tire characteristics are considered in the calculation.

Figure 6. EU-USA transportable volume comparison [15].

The European Commission is actively developing the VECTO simulation in close cooperation with the industry. In 2018, configurations for the certification of vehicles were introduced. CO2 declaration for trucks (classes 4, 5, 9, and 10) has started to be issued. An
18-month transition period has been defined for producers from the
date of entry into force of the legal regulation.

These results point to an important issue regarding the efficiency
of road transport in Europe: the need to update existing mass and
dimensions legislation. Currently, the efficiency of heavy-duty vehicles is limited by the legal requirements on maximum weight, size,
and speed imposed by regulations. Modifications to these legal
boundary conditions have become essential to increase efficiency. A
potential increase in fuel efficiency of 14% can be expected if long
combinations commonly used in the USA are allowed to circulate
freely within Europe. Of course, to make this legal regulation, as
mentioned at the beginning of the article, the road infrastructure must
be suitable for long vehicle combinations.

As a result, heavy-duty vehicle manufacturers are encouraged to innovate to produce the most efficient vehicles for the market. The advantage of using a simulation, as opposed to a test-based approach,
is that each unique tool can be evaluated easily and efficiently. Simulation is not just a theoretical computational tool; in the database of
the VECTO simulation, there are many data entries obtained by
physical tests. The input data integrated into the simulation includes
very precise calculations. Thus, VECTO ensures that the most costeffective tools can be quickly selected by end-users.
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