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Emissions of e-mobility 
 

E-mobility is treated as emission-free. Generally, this sentence can only be true in a very small range. Namely, about selected pa-

rameters and in a very limited area. An example of this is the measurement of CO2 emissions in the immediate vicinity of BEV (battery 

electric vehicle) . The situation can change dramatically if you take into account the emissions in the energy production necessary for 

car traffic. This work presents this issue taking into account the energy mix in the various countries of the European Union. Simulation 

research shows that there are already countries in the EU where the operation of electric vehicles makes sense. Especially when it con-

cerns CO2 emissions. Emissions below the standards for 2025 can be obtained there. Unfortunately, in most EU countries, the operation 

of BEV is associated with increased (in relation to present-day) CO2 emissions. Without changing the energy policy, and in particular 

the energy mix, introducing e-mobility is problematic. 

Key words: e-mobility, emissions 

 
 
1. Introduction 

E-mobility is treated as emission-free. Generally, this 
sentence can only be true in a very small range. Namely, 
about selected parameters and in a very limited using area. 
An example of this is the measurement of CO2 emissions in 
the immediate vicinity of BEV (battery electric vehicle) . 
The situation can change dramatically if you take into ac-
count the emissions in the energy production necessary for 
car traffic. This work presents this issue taking into account 
the energy mix in the various countries of the European 
Union. In Figure 1 is the energy by sources in EU countries 
given.  

 

 
Fig. 1. Energy by sources in some countries in Europe. (CT – conventional 
thermal, NC – nuclear, HY – hydro, WD – wind, OR- other resources,  
 based on [1]) 

 
As can be seen in the European Union there is a strong 

diversification of sources of electricity. In some countries 
the dominant role is played by conventional sources, while 
in others the acquisition of electricity from renewable re-
sources is definitely more important. 

But nowhere has such a state of affairs been achieved 
that all electricity comes from renewable resources. 

Today's electricity production covers today's needs.  
E-mobility is "new" in energy demand. Hence the question 
arises from which energy sources e-mobility will be pow-
ered, and in particular how it will affect emissions. 

When discussing emissions, the most common issues 
are global emissions such as CO2 emissions. However, 

from the point of view of people, also important are the 
emissions of PM – solid particles (e.g. from grated tires or 
roadways), NOx – nitrogen oxides, SOx – sulfur oxides or 
HC – hydrocarbons.  

Generally, emissions are also divided into so-called low 
emissions (smog) and high emissions.  

Such a division may perhaps make sense, but each 
emission has a negative impact on people and the environ-
ment, and unfortunately there is no exception. 

The problem of emission assessment is therefore multi-
faceted. This work is devoted to the global approach to 
emission issues by assessing CO2 emissions during the 
operation of electric vehicles. It goes without saying that 
with the emission of CO2, the emission of the above com-
pounds will follow. These emissions are not linearly corre-
lated. This will have to be subjected to a deeper analysis, 
for which it is also necessary to develop appropriate meth-
ods, and this publication is also devoted this issue to . 

The issue of emissions from e-mobility can be consid-
ered in static terms (thus analyzing what is happening at  
a given moment) or in dynamic terms, thus as a function of 
time (for example including the increase in the number of 
electric vehicles). 

In this work the issue was treated statically. But even in 
this case there are issues that cannot be omitted. 

Such issue is, for example, the issue of energy import 
and export between countries. In one country, more "pure" 
energy can be produced and this energy is exported to  
a country that produces "dirty" energy. Then, in the import-
ing country, "more pure" energy is used. Of course, the 
opposite is also possible. This undoubtedly affects energy 
LCA in individual countries. 

An important factor affecting energy LCA  is also the 
use of electricity, by BEVs, in individual countries. The 
issue here is a way of assessing the use of electricity during 
the natural exploitation  of vehicles. 

These issues are (somewhat) more accurately presented 
in this publication. 

2. Well-to-Wheels methodology 
The methodology presented here as chapter 2, 3 and 4 

are on basis of [2] The methodology considered in this 
article is Well-To-Wheel (WTW) detailed in version 4a of 
the [3]  
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This approach allows quantifying the amount of energy 
required for greenhouse gas emissions resulting from the 
production, transport and distribution of conventional and 
alternative fuels for road transport (Well-To-Tank, WTT), 
as well as for quantifying the performance of various drive 
units (Tank- To-Wheels, TTW). 

Compared to the Comprehensive Attribution Life Cycle 
Assessment (LCA) approach, WTW considers part of the 
LCA impact category "energy consumption" and "green-
house gas emissions". 

In the WTW approach, emissions related to the con-
struction of equipment, maintenance and decommissioning 
of fuel and vehicle production plants, including material 
cycles, are not taken into account. Water pollution require-
ments or emissions are not taken into account if they do not 
affect GHG emissions. GHG included is carbon dioxide, 
methane and dinitrogen monoxide. The WTW methodology 
can be seen as a simplified LCA, designed to assess only 
energy consumption and greenhouse gas emissions from the 
use of road transport fuels. 

3. CI – Carbon intensity of electricity 
Carbon intensity of electricity can be defined as the 

GHG emitted for producing or using a certain amount of 
electricity as shown in equation (1): 

CI = GHG emissions/electricity amount    (1) 

Since GHG emissions are expressed in grams [g] of 
CO2 equivalent and the electricity (e.g. produced or using) 
is expressed in [kWh] the consequent carbon intensity (CI) 
is usually expressed in [gCO2eq/kWh].  

In this paper it will be report the carbon intensities for 
all the following stages of the electricity pathway: gross 
production, net production, electricity traded, supply post-
trade, consumed at high voltage after transmission, con-
sumed at medium voltage after distribution and consumed 
(by the most of users) at low voltage. 

The JEC WTW analysis considers GHG emissions oc-
curring in two main  steps, that is: combustion emissions 
occurring when fuels are burnt and upstream emissions.  

The upstream emissions are caused by the extraction, 
refining and transport of the fuels to the power plants. For 
other fuels and renewables such as peat, municipal and 
industrial wastes, hydropower, geothermal, solar, wind and 
tidal power the upstream emission factors were considered 
equal to zero. 

For nuclear power plants the approach in use by main 
international statistical bodies (IEA, EUROSTAT, IAEA) 
has been adopted.  Converting the electric energy produced 
from nuclear or renewables into an equivalent primary 
energy have a average thermal efficiency (e.g. IAEA, 2007) 
equal 33%. 

4. Electricity trade and carbon intensity 
The carbon intensity of the electricity consumed in a 

country depends also on the CI and amount of electricity 
traded with other countries. Logically, electricity imported 
in a country embeds also the GHG necessary for its produc-
tion, so a WTW (or LCA) calculation aiming at realistically 
representing the carbon intensity of electricity consumed, 

should also consider the trade aspect, especially for coun-
tries having high electricity imports. 

The electricity supplied (ElS) to a national network, 
considering the trade, is defined by the IEA with the equa-
tion (2): 

ElS = Elnet production−ElPumping + ELImports−ElExports   (2) 

For all these terms presented in equation (2) it can be 
used the IEA statistical data.  

In order to calculate the CI of the electricity supplied 
(post trade) in a country it is possible to use equation (1), 
considering in the denominator the result of equation (2), 
and in the numerator the value of total GHG emissions 
embedded in the electricity supplied, calculated according 
to equation (3): 

GHGTotal = GHGCombustion + GHGUpstream − GHGExported + 
GHGImported    (3) 

Combustion and upstream GHG emissions are the same 
values used to calculate the CI of electricity produced in 
each country, the exported GHG is simply the product be-
tween the CI of electricity traded multiplied by the Up-
stream and combustion emissions  
 Imported GHG emissions can be treated as 

GHGImport = S(GHGImoirt from i-th Country x CIElproduction in i-th 

Counttry)   (4) 

where for each country it is necessary to consider the sum-
product of all the amount of electricity traded (El. Import 
from Country “i”) and the respective Carbon Intensities (CI 
El traded Country “i”). 

Table 1 shows the results of calculations for the differ-
ent values of carbon intensity, calculated for each EU coun-
try (for the year 2013).  

 
Table 1 Carbon intensity (CI) in EU countries in several steps of produc-

tion trading and supplied 

 
 
The order of the countries listed in Table 1 is the same 

as shown in Fig. 1. Countries were presented according to 
the decreasing share of non-renewable sources in the gener-
ation of electricity. 

Interesting are the results presented in Fig. 2. The re-
sults from Table 1 have been added to the results presented 

Country 

CI of gross 

electricity 

Production 

(combustion 

only

CI of gross 

electricity 

production

(with 

upstream)

CI of net 

electricity 

production 

with 

upstream 

emissions)

CI of 

electricity 

traded (with 

upstream) 

CI of 

electricity 

supplied 

(with 

upstream)

Variation 

of CI after 

trade

CI of 

electricity 

consumed at 

HV (with 

upstream)

CI of 

electricity 

consumed at 

MV (with 

upstream)

CI of 

electricity 

consumed 

at LV 

(combustio

n only)

CI of 

electricity 

consumed at 

LV (with 

upstream)

[g/kWh] [g/kWh] [g/kWh] [g/kWh] [g/kWh] [%] [g/kWh] [g/kWh] [g/kWh] [g/kWh]

Austria  133 151 156 170 315 0.85 322 325 305 334

Belgium 188 224 233 239 257 0.08 261 262 224 267

Bulgaria 507 532 585 601 589 -0.02 618 628 636 669

Croatia   231 273 282 285 465 0.63 487 494 463 524

Cyprus    646 737 773 773 773 0.00 787 792 710 810

Czech Republic 518 545 587 596 640 0.07 657 663 643 685

Denmark 316 368 386 386 356 -0.08 364 367 328 377

Estonia 1020 1022 1152 1152 840 -0.27 878 891 931 944

Finland   171 200 209 209 204 -0.02 207 207 181 211

France   66 88 92 93 97 0.04 100 101 80 105

Germany   485 534 567 574 588 0.02 599 602 558 615

Greece   655 695 755 757 712 -0.06 732 739 723 767

Hungary  310 340 368 368 369 0.00 383 388 365 407

Ireland  459 533 555 568 570 0.00 588 594 530 617

Italy           358 427 444 448 402 -0.10 413 417 362 431

Latvia     134 173 185 185 1075 4.82 1110 1122 1140 1168

Lithuania   204 246 262 315 358 0.14 370 374 331 390

Luxembourg 236 283 283 585 505 -0.14 508 509 467 513

Malta     731 831 868 868 910 0.05 954 970 908 1032

Netherlands 479 559 582 582 547 -0.06 555 558 494 569

Poland    770 847 929 934 911 -0.03 937 946 890 980

Portugal   295 346 355 365 357 -0.02 372 378 340 400

Romania  356 379 413 416 425 0.02 449 457 460 492

Slovakia  173 199 211 215 407 0.90 412 414 383 420

Slovenia   315 329 351 361 302 -0.16 309 312 291 321

Spain      248 295 305 312 309 -0.01 321 325 287 341

Sweden   16 24 25 25 44 0.74 45 46 36 47

United Kingdom 469 555 584 591 576 -0.03 593 599 526 623

EU 28 average 340 387 407 413 417 0.01 428 432 393 447
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in Fig. 1. The percentage of electricity from combustion 
processes (in individual EU countries) are compared as well 
with the CO2 mass emissions (per kilowatt-hour) by elec-
tricity production and its use (together with import) in every 
country. 
 

 
Fig. 2. Carbon intensity by production and use of electricity in EU countries 

 
The data primarily indicate that centralized electricity 

generation and distribution systems cause large losses in 
energy transmission – which means a significant increase in 
specific CO2 emissions (in geq/kWh). 

Electricity imports (especially if this energy is produced 
in the exporter's country from non-renewable resources), 
can lead to a significant increase in CO2 emissions "in the 
country that imports" electricity. 

5. Electricity use by BEV’s operation 
For the correct emission assessment related to the pro-

duction and use of energy in e-mobility, it is necessary to 
know the electricity demand of electric vehicles (BEVs) 

Based on the assumption that the emission related to the 
supply of electricity to the vehicle's charging point is 
known (Table 1), it is necessary to assess how much of this 
energy must be used to drive at a particular section of road. 

The necessary data can be obtained from the appropriate 
tests (in the EU previously  NEDC test and currently WLTP  
[4]) but it is known that the test results do not coincide with 
the data from natural exploitation [11] 

Therefore, it is crucial to assess the operational energy 
“consumption” in the natural exploitation of vehicles (ener-
gy cannot be consumed – possible is the change of its form 
only – but as parallel to the historical term "fuel consump-
tion" in following will be the term "energy consumption" 
used). 

It seems that for assessing the energy consumption in 
natural exploitation of BEVs in particular is the theory of 
cumulative energy consumption useful. 

The theory of cumulative energy consumption was orig-
inally developed (as author work) to assess the cumulative 
consumption of fuel in the natural exploitation of ICE vehi-
cles [5]. 

The usefulness of the theory has been repeatedly con-
firmed, also when powering the engines with various fuels 
[6–9]. The main applications of the theory have been found 
in assessing the fuel consumption of urban bus fleets. Spe-

cial software has been created for proper data collection 
(for obvious reasons, it will not be described here). 

The energy  consumption of a car in its natural exploita-
tion is a random process. Energy is consumed in the "quan-
tum" model. Energy quanta have a random size. Also, the 
time between the quantum of energy consumed is random. 

Total amount of quanta of energy supplied to the car 
engine in the its operating period is called as cumulative 
energy consumption. 

Energy quantum summation leads to determining the 
cumulative energy consumption. Energy consumption 
caused by the time t of the engine work. can be designated 
as 

CFC��t�� � ∑ q� � n�t��
����

���
∙ q��t��   (5) 

where: CFC��t�� – the cumulative energy consumption to 
the mileage t�, t� – mileage 
q� – i-th quantum of energy, q��t�� – the average size of the 
quantum of energy used to the mileage t�, n�t�� – number 
of the energy quantum used to the mileage t�. 
 To know the cumulative energy consumption to the 
mileage t� should be familiar with the average size of the 
quants and the number of quantum of consumed energy to 
that mileage. 
 The way to reach these values has been presented in [5].  
 These publications also provide a way to obtain a math-
ematical model describing the cumulative energy consump-
tion as a function of the vehicle's mileage.  
 The model has a form 

CFC��t�� � ∑ q� � n�t��
����

���
∙ q��t�� � ct

�

�����   (6) 

The intensity of energy consumption is a mathematical 
derivative from equation (6), so it has a form 

CFC�c �  ICFCc�t�� �
�����

��
� c�a � 1�t�

�   (7) 

where: ICFCc�t�� – the intensity of cumulative energy 
consumption to the mileage t�, c, a – coefficients. 

Constants “c” and “a” equations (6) can be derived from 
data obtained from the use of vehicles in natural operation. 
Such data are collected by various institutions and individ-
uals. One of a good database is from the website spritmoni-
tor.de [11]. The advantage of this database is not only the 
large amount of data collected there. but also their wide-
spread (and easy) availability. Data from this database will 
be used in further consideration. 

Figure 3 presents operation data of the SMART Fortwo 
car No 641784. To determine the coefficients “c” and “a”, 
data from the operation are necessary and sufficient.  
After calculations, the following results are obtained 

c = 0.131752, a = 0.004568      (8) 

and accordingly 

CFC��t�� � ct
�

�����
� 0.131752t�

�.&&'()*    (9) 

and 

ICFCc � c�a � 1�t�
� � 0.132354t�

&.&&'()*   (10) 
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Six decimal places of coefficient values look a bit 
shocking. They were, however, deliberately entered. The 
author's experience shows that the more accurately the 
value of coefficients is given, the mathematical model is 
more adequate. On the other hand, in today's computing 
calculations, the accuracy of calculations results from the 
use of values with a much larger number of decimal places. 
These values are stored in the computer's memory and it 
does not matter how they are displayed on the screen. 

Similarly, the results of the analysis but in the case of  
a TESLA S car (No. 829324) lead to data 

 c = 0.193178 and a = 0.004073 (11) 

The models adequacy assessment (6) was carried out us-
ing the analysis of variance. The results are as follows (Ta-
ble 2).  

 
Table 2. Results of the analysis of variance to determine the adequacy of 

the model (6). 

SMART Fortwo TESLA S 
Multiple R 0.999620 0.999943 

Rsquare 0.999241 0.999885 
Matched Rsquare 0.999221 0.999883 

Standard error 0.024617 0.000314 
Observations  40 104 

The observations number is in this case the same as the 
charging number.  

The results are amazingly good. It was not expected that 
the correlation coefficients will be so high (it is worth re-
calling here that the maximum theoretical value of, for 
example, the R square (R2) coefficient is R2 = 1.  

It is hardly surprising that the correlation coefficient has 
such a high value since the "measuring" points lie almost 
perfectly on the curve of the model.  

A graphic illustration of the results obtained is shown in 
Figures 4 and 5. In this form presented results can be treat-
ed as a kind of energy footprint of the defined vehicle.  

 

 
Fig. 3. Energy footprint of SMART Fortwo car No. 641784 

Both curves (CFCc and ICFCc) give the impression that 
they are straight lines. However, when analyzing values of 
coefficients, it must be clearly stated that they are curves, 
and only in some cases (as presented here) quasi straight-
lines. 

Both drawings show that the average intensity of cumu-
lated electricity consumption can be reported relative to one 
kilometer of the car's mileage.  
 The intensity of cumulative energy consumption for 
both car are in Table 3 given.  
 

 
Fig. 4. Energy footprint of TESLA S car No. 829324 

Table 3. Intensity of cumulative energy consumption data for analyzed car  

Car Car No. ICEC  [kWh/km] 
SMART Fortwo 641784 0.1420 
TESLA S 829324 0.2019 

If the data on the ICECc for more cars are known, then 
can be achieve the values for a given type of car. The rele-
vant data are shown in Table 4. 

Table 4 Intensity of cumulative energy consumption statistical parameters 
for analyzed cars types   

Statistical parameters SMART Fortwo TESLA S 
Average 0.1647 0.2083 

Standard error 0.0039 0.0039 
Median 0.1624 0.2093 

Dominant 0.1554 0.2111 
Standard deviation 0.0233 0.0315 

The variance of the sample 0.0005 0.0010 
Kurtosis 0.7362 3.1771 

Slant 0.8955 0.4176 
Range 0.1023 0.2177 

Minimum 0.1250 0.1109 
Maximum 0.2273 0.3286 

Sum 5.9294 13.5366 
Counter 36 65 

Confidence level for the average 
(95.0%) 0.0079 0.0078 

 
Table 4 shows that 36 SMART Fortwo cars and 65 

TESLA S cars were analyzed. Obviously, average cumula-
tive energy intensity values are different than those for only 
two cars. It is interesting that the confidence interval for the 
average is relatively wide but almost the same for both 
types of cars. However, the standard deviations for both 
types of vehicles differ significantly.  

The analysis of kurtosis and skewness indicates that the 
potential statistical distributions for describing both sets of 
data will differ significantly. It is likely to use the normal 
distribution for describing the SMART Fortwo data, but the 
TESLA S car data will have to be described in a different 
statistical distribution. 
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With the data from Tables 1 and 4 is possible to achieve 
of CO2 emission in each country of EU. The calculations 
results are here in the Fig. 5 given. 
 

 
Fig. 5. CO2 emission in the operation of BEV’s in countries of EU and also 

average for EU 
 
For the comparison in Figure 5 are the maximum emis-

sion of CO2 for car fleets in EU for next year’s showing. 
These values are correct for NEDC but for the WLTP test 
they are only slightly lower. 

The results of the calculations proved to be in line with 
expectations. On average, in the European Union it is al-
ready worthwhile to use electro vehicles (BEV's) because 
CO2 emissions are within the limits of the adopted stand-
ards for 2020. The use of small BEV's already allows to 
meet the standards for 2025 today. 

If the average is good it means that in some states of the 
union is better (much) than in others where in terms of 
emissions there is still a lot to do. 

Figure 5 shows that in some countries, in order to get 
closer to the standards for 2020, it would be necessary to 
reduce CO2 emissions by at least a half. This means that 
although any action is aimed at reducing energy consump-

tion of vehicles have a sense, then the main burden of 
change should concern the change in energy production and 
distribution.  

6. Conclusions 
This paper presents two important methods for as-

sessing the emission of electric vehicles 
− an emission assessment method for generating and sup-

plying electricity to battery charging points, 
− a method of assessing energy consumption in the natural 

use of vehicles. 
Both methods are shown in a static application – alt-

hough there are no contraindications to use them together in 
dynamic applications, including emission forecasting. 

The method of using both methods is presented on the 
example of CO2 emission assessment resulting from the 
operation of battery electric vehicles. 

Simulation research shows that there are already coun-
tries in the EU where the operation of electric vehicles 
makes sense. Especially when it concerns CO2 emissions. 
Emissions below the standards for 2025 can be obtained 
there. Unfortunately, in many EU countries, the operation 
of BEV is associated with increased (in relation to present-
day) CO2 emissions. 

Because the high emission, in the first place, corre-
sponds to the use of energy coming from non-renewable 
resources, together with excessive CO2 emissions probably 
occur excessive emissions of nitrogen and sulfur oxides and 
a number of others, as well as heavy and radioactive metals. 
Even if the plants are equipped with appropriate exhaust 
gas treatment systems, there are no systems operating with 
100% efficiency - therefore emissions cannot be avoided. 

Without changing the energy policy, and in particular 
the energy mix, introducing e-mobility is problematic. 

The methods to the assessment of the political solutions 
are available and are here now presented. 

.
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