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A benchmarking analysis on vehicle emissions has been performed in this 

study. Sport Utility Vehicle (SUV) powered by electricity is taken into 

consideration in emission analysis. Calculations have been conducted for 

leading G20 countries in certain energy sources in electricity generation. 

According to the analysis, most optimal results are obtained in Volatile 

Organic Compounds (VOC), Carbon Monoxide (CO), Particulate 

Matters (PM10 & PM2.5), Sulfur Oxides (SOx), and Carbon Dioxide 

(CO2) emissions, if the vehicle is charged in France. Only Nitrogen 

Oxides (NOx) emissions are calculated as to be the lowest values in 

Canada, compared to other countries. Emissions of an average SUV 

Internal Combustion Engine Vehicle (ICEV) powered by gasoline are 

also added to the comparison. 

Keywords: Benchmarking; Electric vehicles; Electricity generation; Vehicle emissions. 

1. Introduction 

Although electric vehicles (EV) do not emit 

exhaust emissions, they have different 

amounts of background emissions depending 

on the energy sources from which the 

electricity of the vehicle is generated. 

Therefore, EVs bring about VOC, CO, NOx, 

PM10, PM2.5, SOx, and CO2 emissions, even 

though there is no exhaust pipe in them at all. 

There are many studies on why these emissions 

occur and what kind of damage they cause in 

the literature. Kim et al. [1] and Schürmann et 

al. [2] found out that VOC is one of the most 

deteriorating emissions to the ambient air 

quality. Derwent et al. [3], Palli et al. [4], and 

Toro et al. [5] showed that it is an important 

ozone precursor that increases aerosol 

formation. In addition, its smoke is dangerous 

to human life. Above all, VOC smoke irritates 

human organs such as eyes and lungs [6, 7] and 

damages some crops, reducing useful 

agricultural products [8]. CO emissions, 

mainly resulting from incomplete combustion 

of hydrocarbon energy sources, is a highly 

toxic gas that causes death when exposed to 

high amounts [9]. NOx emissions, which is a 

combination of nitric oxide and nitrogen 

dioxide are emitted to the atmosphere due to 

very high temperatures in combustion 

chambers of vehicle engines. Human health 

and the environment are significantly affected 

by NOx emissions [10]. PM pollution is a 

common vehicle emission in the atmosphere 

[11] that impairs human health [12] and 
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disrupts the climate [13]. PM pollution affects 

the health of living things not only in the short 

term [14] but also in the long term [15], and 

exposure to this pollution is the sixth leading 

risk factor worldwide [12]. PM emissions are 

largely vehicle-related emissions. Many 

studies show the negative effects of PM10 

emissions on human health. Some of these 

studies focus on children [16], some on 

pedestrians [17], and some on lung cancer and 

tuberculosis patients living in urban areas [18, 

19]. PM2.5 emissions have a great potential to 

increase cardiovascular and respiratory 

diseases worldwide [20]. SOx, another one of 

the main emissions from vehicles, is also 

included in the literature. Its negative effects 

locally and globally deteriorate not only air 

quality and human health, but also climate 

change [21, 22]. Finally, carbon dioxide 

emissions, that is, greenhouse gas emissions, 

which are mentioned more in the literature than 

other emissions, are not actually toxic 

emissions, but their effects are perhaps the 

worst for life on Earth. Since, one of the most 

important problems faced by the environment 

in the last century is climate change, and the 

main reason for climate change is the increase 

in greenhouse gases, this problem should be 

addressed seriously [23, 24]. In brief, these 

emissions occur due to the characteristics of 

combustion, characteristics of the energy 

sources, incomplete combustion, high 

combustion temperatures, and oxygen 

deficiencies during combustion; and spread to 

the environment, causing damages such as 

various diseases, pollution, and global 

warming. Therefore, it is very important to 

reduce the mentioned emissions.  

    Some energy sources are frequently 

preferred in electricity production in the world. 

These are coal, nuclear, oil, natural gas, 

renewable wastes, hydro, geothermal, wind, 

and solar. While some of these energy sources 

cause low emissions in electricity production, 

some increase harmful emissions. Especially 

for countries with high energy consumption, 

which are at the top of the world economy, it is 

important from which source the electricity is 

obtained. Hence, the same vehicle causes 

different emissions in different countries 

depending on the source from which electricity 

is produced. In literature, several studies show 

that this is the case. For example, Wu and 

Zhang [25] report that in terms of WTW 

emissions in countries whose electricity grids 

rely heavily on thermal energy production, 

EVs may cause higher PM10, SO2 and NOX 

emissions, although they give lower CO2 

emissions compared to internal combustion 

engines. Doucette and McCulloch [26] 

suggested that in countries such as India that 

produce their electricity with carbon-based 

fuels, EVs may lead to more CO2 emissions 

than conventional vehicles. The findings in 

another study [27] demonstrate the advantages 

of using decarbonized energy sources in 

electricity generation to reduce emissions. 

According to their studies, vehicles charged in 

the Scandinavian countries, which produce 

their electricity from renewable energy sources 

at a higher rate, give lower emissions than 

those charged in the Balkan countries, which 

produce their electricity with more traditional 

methods. Sheng et al. [28] conducted an 

empirical study and it appeared that EVs offer 

the most promising results in terms of 

minimizing energy consumption and 

emissions as they clearly provide the best 

values among other fuel type vehicles. Garcia 

et al [29] found out that the emission 

advantages of EVs would be decreased if 

nuclear power plants are closed. Another study 

[30] that shows EVs as having lower emissions 

when compared to ICEVs. On the other hand, 

they concluded that in a country predominantly 

using coal-fired power plants to generate 

electricity, it should be focused on to 

decarbonize the electricity production sector. 

Garcia and Freire [31] showed in their review 

study that the electrified vehicle fleet 

emissions have been directly related to the 

electricity generation source. Wang and Tang 

[32] found out in their comparison study that 

EVs have higher carbon emissions in the 

production phase, but throughout the life cycle 

of their carbon emissions are lower than 

gasoline powered ICEVs. 

In this study, VOC, CO, NOx, PM10, PM2.5, SOx, 

and CO2 emissions for the cases that the EV is 

charged in countries that generate their 

electricity from different energy sources at 

different rates are given in the analysis. 

Countries that are selected from G20 with the 

best and worst results are presented for each 
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emission, also comparing to the emissions from 

an average gasoline powered SUV ICEV. 

2. Methodology 

The countries compared in this benchmarking 

analysis have been selected from the G20 

countries, so that a small country that obtains 

all of its electricity from any source does not 

come to the fore. Since developed countries 

produce and consume large amounts of 

electricity, the improvements they will make 

will contribute greatly to air pollution.  

In the emission analysis of the vehicle, processes 

of the production, transportation, storage, and 

filling are included with the vehicle operation by 

that energy source. Electricity generation shares 

of energy sources, which are given in Table1, 

are adapted exactly to the declared shares for the 

related year 2021 [33]. Even some reports show 

disorders in shares, they are utilized exactly as 

given by the reference. In G20 countries, South 

Africa is the leader coal user with 85.78% in 

electricity production. With 61.22%, Argentina 

has the highest share in natural gas, with 59.61% 

Canada in hydro energy, with 11.66% Australia 

in solar energy, with 20.80% United Kingdom 

in wind energy, with 30.22% Saudi Arabia in 

oil, and with as high as 69.33% France in nuclear 

energy in their electricity generations. World, 

G20, and OECD average shares of energy 

sources in electricity production are also given 

in the figure. The deficiencies in the shares due 

to some wrong data encountered in the related 

references are completed to 100% in the analysis 

using correction values, which demonstrated in 

the last line of the table. 

Emission analysis is performed using GREET 

software, which determines VOC, CO, NOx, 

PM10, PM2.5, SOx, and CO2 emission values in 

the study. 

 
Figure 1: Percentage of the energy sources in electricity 

generation of the countries. 

Electricity powered SUV is selected as a target 

vehicle to be investigated on emission basis in 

the analysis. SUVs are getting more attention by 

years in the world market.  Calculation of the 

emissions is conducted according to the 

equation as follows, which is detailed by Wang 

[34]: 

(𝑇𝐸)𝑖 = ∑ [(𝐶𝐸)𝑖,𝑗 + (𝑈𝐸)𝑖,𝑗] × (𝐸𝐶)𝑗𝑗                       (1) 

where,  ,  ,  , and   are the total emissions of 

pollutant i of the energy source throughput for 

the given process, the combustion emissions of 

the pollutant i of the energy source j burned, the 

upstream emissions of the pollutant i of the 

energy source j utilized to produce and distribute 

the energy source to the related process, and the 

energy consumption of the energy source j 

during the process, respectively. Total emissions 

are calculated in kg/hkm for every process of all 

the energy sources depleted through all the 

combustion and upstream emissions in kg/kJ of 

consumed energy in kJ/hkm according to the 

formula. 

Table 1: Energy sources in electricity generation of the countries. 

% 
South 

Africa 
Argentina Canada Australia 

United 

Kingdom 

Saudi 

Arabia 
France World G20 OECD 

Coal 85.78 1.91 6.03 51.37 2.10 0.00 1.11 35.99 39.77 19.58 

Nuclear 4.27 7.10 14.35 0.00 14.80 0.00 69.33 9.84 11.07 17.33 

Oil 0.64 5.20 0.45 1.76 0.50 30.22 1.94 2.53 1.87 2.36 

Natural Gas 0.00 61.22 11.85 17.81 40.07 60.55 6.20 22.90 18.78 29.57 

Other 

Renewables 
0.18 1.38 1.51 1.25 12.91 0.00 2.05 2.68 2.85 3.85 

Hydro 0.57 12.85 59.41 5.98 1.62 0.00 10.59 15.01 14.04 13.37 

Wind 3.35 8.49 5.48 10.02 20.80 0.00 6.76 6.54 7.62 9.06 

Solar 3.23 1.44 0.81 11.66 4.00 0.23 2.67 3.63 4.00 4.89 

Correction 1.98 0.41 0.11 0.15 3.20 9.00 -0.65 0.88 0.00 -0.01 
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3. Results and Discussion 

Table 2 shows VOC, CO, NOx, PM10, PM2.5, 

SOx, and CO2 emissions of an SUV-EV in 

South Africa, Argentina, Canada, Australia, 

United Kingdom, Saudi Arabia, and France, 

with World, G20, and OECD averages. 

Emissions are given in kg/hkm in the table and 

the figure that shows how much emission in kg 

a vehicle emits in 100 km distance cruising of 

the vehicle. Green color demonstrates the 

lowest emission values, while red color shows 

the highest values in the table. Emissions of a 

reference SUV Spark Ignition (SI) ICEV are 

also added to the table, which can be compared 

to SUV EV emissions. SUV SI ICEVs have the 

highest emissions except NOx, PMs, and SOx. 

As South Africa generates nearly all its 

electricity from coal (85.78%), it has three 

highest emissions: PM10, SOx, and CO2. Other 

emissions are also very high compared to the 

other countries. Argentina generates 61.22% of 

its electricity from natural gas. Hydro 

(12.85%), wind (8.49%), and nuclear (7.1%) 

energy sources find a comparable share in 

electricity mix in Argentina also. Therefore, 

Argentina has lower values in all emissions 

when compared to the other countries. Canada, 

where its electricity depends highly on hydro 

(59.41%), nuclear (14.35%), and natural gas 

(11.85%), has the lowest value in NOx 

emissions among all the countries. It can be 

seen that Canada is the second 

environmentally friendly country in the list 

also. Although Australia has a big share 

(51.37%) of coal consumption in electricity 

generation, it is the leading country in solar 

energy to a considerable extent (11.66%) in the 

list, and that is because the emissions are 

seemed to be balanced in some degree, still 

close to the highest values in all emissions with 

no exception. United Kingdom, wind energy 

leader (20.80%) in the list, generates its 

electricity using natural gas as high as 40.07% 

share with comparable emissions near to the 

lowest values more than the highest values in 

all kinds of emissions except CO and CO2. 

Saudi Arabia, which is famous for its 

worldwide oil and natural gas production, 

naturally also benefits from these energy 

sources in electricity production, thus 

becoming the country with the highest 

emissions, especially in VOC, CO, NOx, and 

PM2.5. Saudi Arabia is the leader country in oil 

consumption in electricity generation with a 

share of 30.22% compared to the countries in 

the list. It has also a very big share for natural 

gas, which is as high as 60.55%. France, on the 

other hand, appears to be the greenest country 

in the list by means of nuclear energy with the 

highest share (69.33%) giving the lowest 

emissions in VOC, CO, PM10, PM2.5, SOx, and 

CO2, leaving nuclear energy waste problems to 

another study. NOx emissions are also very low 

in France, near to the lowest value. Finally, the 

list also gives information about the emissions 

of World, G20, and OECD averages. Although 

all three have similar values in emissions, 

OECD differs slightly from the others in a 

positive way. The reason for that is the average 

mix of the energy sources in electricity 

generation in OECD countries is shifting from 

coal to nuclear and renewable energy sources 

compared to the averages of world and G20 

countries. 

 
Figure 2: Emissions by countries. 

Fig. 2 demonstrates VOC, CO, NOx, PM10, 

PM2.5, SOx, and CO2 emissions of the SUV-EV 

in South Africa, Argentina, Canada, Australia, 

United Kingdom, Saudi Arabia, and France, 

with World, G20, and OECD averages. As 

clearly seen from the figure, France and Canada 

have the lower emissions compared to the other 

countries, thanks to their higher renewable 

energy shares in electricity production. Saudi 

Arabia and South Africa on the other hand, have 

higher emissions due to carbon-based energy 

source utilization in their electricity generation. 

CO2 emissions draw a parallel image compared 

to the total emissions with slight differences in 

all countries. Coal in particular is responsible for 

high CO2 emissions. It can be understood from 

the figure that Nuclear (France) and hydro 
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(Canada) energy sources produce lower CO2 emissions.
Table 2: SUV emissions in the analyzed countries. 

(kg/hkm) 
Ref. 

SUV SI 

ICEV 

South 

Africa Argentina Canada Australia United 

Kingdom 
Saudi 

Arabia France World G20 OECD 

VOC 0.0148 0.0027 0.0019 0.0005 0.0021 0.0013 0.0032 0.0004 0.0019 0.0018 0.0015 
CO 0.1846 0.0099 0.0070 0.0025 0.0082 0.0094 0.0117 0.0022 0.0077 0.0077 0.0069 
NOx 0.0153 0.0244 0.0147 0.0040 0.0187 0.0091 0.0490 0.0045 0.0166 0.0163 0.0129 
PM10 0.0014 0.0050 0.0011 0.0005 0.0033 0.0009 0.0033 0.0004 0.0026 0.0027 0.0017 
PM2.5 0.0010 0.0023 0.0010 0.0003 0.0016 0.0008 0.0030 0.0003 0.0014 0.0014 0.0010 
SOx 0.0029 0.0316 0.0073 0.0033 0.0209 0.0055 0.0275 0.0027 0.0165 0.0172 0.0109 
CO2 33.0 31.2 13.5 5.1 22.7 14.8 21.1 3.3 19.2 19.7 15.0 

While CO2 emissions vary between 31.2 and 3.3 

kgs/hkm, other emissions fluctuate between the 

approximate values of 0.10 and 0.01 kgs/hkm. 

On the other hand, the reference SUV SI ICEVs 

appears to be ranked as the worst vehicle in 

terms of CO2 and total emissions. 

4. Conclusion 

An emission analysis has been conducted 

benchmarking the leading countries in 

electricity generation in this study. 

The leading countries have been selected from 

the G20 countries, so that every energy source 

has the highest share in electricity generation 

mix. Other energy resource ratios of selected 

countries are also included in the calculation. 

Electric SUVs, sales rates of which have been 

increasing in recent years in the world, have 

been chosen as the sample vehicles. Gasoline 

powered SUVs are also presented for 

comparison. The calculations have been 

performed using GREET software. VOC, CO, 

NOx, PM10, PM2.5, SOx, and CO2 emissions 

have been taken into consideration. It can be 

concluded that France and Canada have been 

appeared to be the most environmental 

countries thanks to their low emission energy 

sources in electricity generation such as 

nuclear and hydro energy. Saudi Arabia and 

South Africa, on the other hand, have been 

seen as the countries that have the highest 

emissions due to their especially oil and coal 

utilization in electricity generation. It has also 

been revealed that SUVs with SI ICEVs have 

the highest CO2 and total emissions when 

compared to EVs in all country selections. 

EVs have no emissions when running on road, 

but they indirectly emit emissions according to 

how the electricity they are charged with is 

generated. Therefore, the same vehicle can have 

different emissions in different countries. This 

study has revealed that these emissions are high 

in countries that produce their electricity with 

carbon-based fuels such as coal, oil, and natural 

gas; while the emissions are reduced in countries 

that obtain their electricity from renewable 

energy sources such as hydro, solar, and wind. 

Nuclear energy also decreases VOC, CO, NOx, 

PM10, PM2.5, SOx, and CO2 emissions, if nuclear 

wastes are not taken into consideration, as in this 

study. While electric vehicles travel on the roads 

without emitting harmful emissions ensures that 

the traffic flows in a clean air, generating the 

necessary electricity with clean energy sources 

is very important in terms of keeping the whole 

atmosphere clean. Here, it is important to 

benchmark with countries that produce their 

electricity with clean sources and to try to reduce 

emissions accordingly. 

Nomenclature 

CO carbon monoxide 

CO2 carbon dioxide 

EC energy consumption 

NOx  nitrogen oxides 

PMx particulate matters 

NOx nitrogen oxides 

SOx sulfur oxides 

TE total emissions 

UE upstream emissions 

Greeks 

∑ summation 

Subscripts 

𝑖 pollutant of the energy source 

throughput for the given process 

𝑗energy source utilized to produce and distribute 

to the related process 
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