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Abstract 

The transport sector is responsible for a substantial portion of all greenhouse gas (GHG) emissions. It 

is of high priority to reduce the use of internal combustion vehicles in order to minimize the impact of this 

sector on the environment. The adoption of electric vehicles (EV) is one of the possible alternatives. 

However, the resultant GHG emissions can vary with the electricity mix used when charging the EV’s 

batteries. Electricity mixes, in turn, are expected to change significantly in the future. This dissertation 

compares an EV with a diesel vehicle in three different scenarios for Portugal and the Lisbon region in 

2030, considering variables such as driving behavior on urban or normal roads, which can result in different 

fuel or electricity consumptions. The evolution of electricity mixes and the stock of vehicles until 2030 

were also considered, including the EVs share, based on MEET2030 scenarios along with a business-as-

usual scenario. The MEET2030 project includes two distinct perspectives, the Ostrich and the Lynx, based 

on energy efficiency and economic growth, which influence GHG emissions. This comparison was 

performed using life cycle assessment (LCA), which included the vehicle production and use phases, 

simultaneously with the production of fuel and electricity for each vehicle type. The impact categories 

analysed, Global Warming Potential and Tropospheric Ozone Formation Potential, showed that EV are 

responsible for less emissions than diesel vehicles, while Particle Formation Potential indicates the 

opposite. However, results can be different depending on the coal fraction present in the electricity mix. 

Key words: Electric Vehicles; Life Cycle Assessment; MEET2030; Electricity Mix; Atmospheric 

Emissions; Vehicle Stock. 

 

1. Introduction 

In 2015, the transport sector was responsible for 

25.8% of the total greenhouse gas (GHG) emissions in 

the European Union, where 72.9% of those emissions 

came from road transports [1]. This sector required 

36.9% of the Portuguese primary energy in 2016 [2], it 

was responsible for 24% of GHG emissions and 30% of 

ozone precursor substances emissions [3].  

In order to reduce the impact of this sector, 

technologies as the electric vehicles (EVs) are 

becoming more relevant due to their potential to reduce 

GHG emissions [4]. EVs might be a viable substitute 

for internal combustion engine vehicles (ICEV), 

depending on the amount of renewable energy sources 

(RES) in the electricity mix [5]. Since Portugal has a 

large contribution from RESs, this study aims to 

compare the environmental impact of an EV and the 

most representative ICEV in Portugal, a diesel vehicle. 

Instead of a fuel tank and an internal combustion 

engine, EVs store their energy in a rechargeable battery 

and are composed by an electric motor.  

The comparison between these two vehicles was 

developed through a life cycle assessment which 

involves an inventory of the flows from all processes 

involved in the production, use and end-of-life (EoL) of 

a product, translated into environmental impacts [6]. In 

this LCA, three different scenarios for 2030 were 

considered. A business-as-usual (BAU) scenario 

named Baseline scenario was developed, in order to 

complement the two extreme scenarios presented in 

MEET2030 project [7], Oistrich and Lynx.  

MEET2030 relies on the relationship between 

exergy efficiency and economic growth, towards a 

GHG emissions reduction. In this relationship, GDP is 

influenced by labour and capital, as in the traditional 

economic model, and also by exergy efficiency [7]. 

Both developed scenarios are based on this approach, 

however the Ostrich represents a scenario of stagnation 

while the Lynx scenario is an example of rapid growth 

and transformation. According to their characteristics, 

each scenario, has a different electricity mix, as well as 

a different vehicle stock evolution, including the 

amount of EVs in the light-duty fleet. Therefore, this 

study aims to evaluate not only the different impacts 

between an EV and an ICEV, but also those impacts in 

a large scale, considering the total amount of vehicles 

per scenario.  
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The life cycle assessment (LCA) literature has 

addressed the EVs impacts and compared them with 

several vehicle technologies. Most of them consider 1 

km driven as functional unit (FU) and the results are 

usually presented regarding the Global Warming 

Potential (GWP), although some studies include other 

impact categories [8]. Despite the focus on well-to-

wheel (WTW) assessments due to the difference 

between electricity and fuel, it was considered that a 

complete LCA provides a better understanding of EVs 

against ICEVs. These comprehensive studies (e.g. [4], 

[9], [10], [11], [12], [13], [14] and [15]) analyse the 

production phase, the use phase, including 

maintenance, and the EoL treatment with final disposal.  

The vehicles lifetime is usually set between 120 000 

km and 230 500 km, according to the country in 

analysis. However, the lifetime for batteries can be 

measured in cycles of charge and discharge, kilometres 

or even years. Since the battery capacity in terms of 

kilometres driven and, therefore, years of use, depend 

on the users’ behaviour, it is more accurate to consider 

the number of cycles performed, which may change 

according to the energy consumption per distance 

travelled. Some authors ([9], [11], [13], [16]) consider 

a standardised energy consumption (e.g. NEDC) when 

developing a LCA. On the other hand, it is understood 

that this approach may not be representative of real life 

consumptions [12]. Therefore, several studies ([4], 

[16], [17], [18], [19]) consider different consumptions 

based on calculations and scenarios, such as driving 

behaviour, use of AC, type of road, among others. 

The electricity consumption from EV charging can 

have different impacts according to the electricity mix 

[10]. Depending on the amount of fossil fuels, driving 

an EV can have significantly less emissions than an 

ICEV. Not all studies consider more than one electricity 

mix, and, in that case, results may lead to incomplete 

conclusions.  

 

2. Methods 

2.1. Baseline scenario (BAU) 

Baseline scenario considers a business-as-usual 

evolution for light-duty vehicle stock and EVs. Based 

on the vehicle stock from 1974 to 2014 [20], a logistic 

function was estimated to obtain a prediction for 2030 

vehicle stock. The same method was applied to the EV 

stock, based on sales data from 2010 to 2017 [21]. 

Regarding the electricity mix, this scenario 

considers that it stays the same since 2017 until 2030, 

except hydro production. Due to the lack of rain during 

that year [22], hydro production was calculated as an 

average between 2014 (humid year) and 2017 (dry 

year).  

 

2.2. Ostrich and Lynx 

Both scenarios from MEET2030 predicted the 

vehicle stock based on exergy shares of the transport 

sector from each vehicle type. It is projected a vehicle 

stock of 4 680 953 and 3 714 474 light-duty vehicles 

for the Ostrich and the Lynx scenarios, respectively 

[23]. For the Ostrich scenario it represents a slight 

increase since 2014 (where the vehicle stock was 

composed by 4 496 000 vehicles) and for the Lynx 

scenario a 20% decrease caused by a massive 

implementation of alternative business models such as 

car-sharing and Uber [7]. Regarding EVs, they 

represent a 6% and 20% share of the Ostrich and Lynx 

vehicle stock, respectively. As for the electricity mix, 

the Ostrich considers 60% of electricity production 

from renewable sources, while the Lynx assumes a 

higher percentage of 75%. 

 

2.3. Life Cycle Assessment 

This LCA included tree different impact categories, 

but only global warming potential (GWP) is going to 

be shown in the present extended abstract. The full 

version of this dissertation also includes particulate 

matter formation potential and tropospheric ozone 

formation potential, since they’re both strongly related 

to the transport sector. 

 

2.3.1. Functional Unit 

According to PEF [24], a functional unit (FU) 

should answer the following questions: 

• What? 

• How much? 

• How well? 

• How long? 

Considering that basis, this study assesses the private 

transportation of passengers in Portugal and Lisbon 

municipality, through a small/average light-duty 

vehicle fuelled by diesel or electricity capable of a 

determined number of kilometres and with an 

occupation rate of at least 1/5. This vehicle is used in a 

daily basis for pendular movements and has an average 

fuel consumption along 21 years.     

 

2.3.2. System Boundaries  

The system boundary is a schematic representation 

of the life cycle phases considered or not in the analysis 

[24]. This LCA compares two different systems and, 

therefore, some phases from the EV life cycle are not 

identical to the diesel vehicle life cycle, and vice-versa.  

Figure 1 represents, in a generic way, all processes 

of a vehicle life cycle, except for the battery which is 

specific for an EV. Besides the vehicle life cycle, the 

fuel/electricity life cycle is also considered (WTW 

part). 

The production phase considers raw materials 

extraction needed for vehicle components, followed by 

the transformation of those materials and vehicle 

assembly.
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Figure 1 – System boundary for a vehicle LCA adapted from [15] and [4].  

(a) and (b): Steel, iron, rubber, glass, others; (c) For EV only: lithium, cobalt, nickel, others; (d): chassis, glider, 

others, vehicle assembly [25] [26].  

Use phase considers maintenance of the vehicle 

and the WTW part, which means oil extraction, 

conversion into diesel and further distribution for 

the diesel vehicle, electricity production and 

distribution for the EV. EoL phase was neglected 

due to its slight impact in the total life cycle [9]. 

Therefore, Figure 1 only indicates the EoL box for 

schematic reasons, otherwise it would be detailed 

with EoL treatments and final disposal.  

 

2.4. Assumptions and data processing 

In Portugal, a diesel light-duty vehicle travels in 

average 12 000 km per year [27] and has a lifetime 

of 21 years [28]. It was considered that an EV can 

travel the same distance per year and has the same 

lifetime, which resulted in 252 000 km. The 

reference flow chosen was 1 km travelled, 

consequently all results are presented per kilometre. 

Two vehicles considered representative of the 

light-duty fleet circulating in Portugal in 2030 were 

chosen. The model Renault Clio dCi 90 BVMS was 

the best-selling diesel vehicle in 2017, while 

Renault Zoe Z.E.40 R90 was the EV responsible for 

the higher sales [21]. Both models are class 1 light-

duty vehicles with similar dimensions. Renault Clio 

weights 1 087 kg and follows EURO 6 standard 

emissions. Renault Zoe is slightly heavier, with 

1 175 kg without the 305 kg battery.  

 

2.4.1. Driving areas, behaviour and 

consumptions 

To assess different fuel consumptions according 

to the driving area, Lisbon was considered as an 

urban area and Portugal was considered as an 

average area with the following distribution: 

 

Table 1 – Driving areas distribution per type of road [19]. 

 Urban Extra-urban Highway 

Urban use 70% 20% 10% 

Average use 29% 39% 32% 

 

Energy consumption (diesel and electricity) was 

consider for each type of road, based on an 

approximation between actual consumptions [29] 

[30] and NEDC theoretical consumptions (Table 2). 

As for the driving behaviour, three styles were 

considered: eco, normal and aggressive. 

Considering Table 1 and 2, it was possible to 

calculate an average consumption for Lisbon and 

Portugal, assumed as an eco behaviour.  

 

Table 2 – Energy consumption per type of road. 

Typo of road Diesel EV 

Urban 3.4 l/100 km 9.6 kWh/100 km 

Extra-urban 3.2 l/100 km 12.7 kWh/100 km 

Highway 3.1 l/100 km 16.2 kWh/100 km 
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An aggressive behaviour consumes an extra 1.5 

l/100 km than an ecologic behaviour [31], which 

was considered for the average use (Portugal). The 

ratio between the obtained consumptions was 

applied to the diesel consumption in Lisbon and EV 

consumptions in Lisbon and Portugal (Table 3).    

 

Table 3 – Energy consumption per driving behaviour. 

Behaviour Portugal Lisbon 

Diesel Ecologic 3.2 l/100 km 3.3 l/100 km 

Diesel Normal 4.0 l/100 km 4.1 l/100 km 

Diesel Aggressive 4.7 l/100 km 4.9 l/100 km 

EV Ecologic 12.9 kWh/100 km 10.9 kWh/100 km 

EV Normal 15.9 kWh/100 km 13.4 kWh/100 km 

EV Aggressive 18.9 kWh/100 km 15.9 kWh/100 km 

 

A lifetime of 800 cycles was assumed for the EV 

battery, which has a 41 kWh capacity. This means 

that the more aggressive the behaviour is, the higher 

will be the amount of batteries needed to travel 

252 000 km. For example, an EV with aggressive 

behaviour in Portugal will need 1.5 batteries.  

  

2.4.2. Battery charges 

Only one type of charger was considered, which 

has 7.2 kW of power and takes around 8 hours to 

charge a Zoe battery. It was considered that all 

battery charges had the same characteristics, i.e., 

when charging, all EVs batteries are initially fully 

discharged and finish 100% charged. Energy losses 

during battery charges were taken into account, 

based on the charger power and charging time 

together with the battery capacity of 41 kW. These 

energy loses (around 25%) suggest that the actual 

electricity consumption is higher than the 

consumptions in Table 3. Therefore, the amount of 

electricity per kilometre travelled considers the 

extra consumption due to losses.  

 

2.5. Electricity Mix  

Three different periods were considered for EV 

charges (00h-08h, 08h-16h, 16h-24h), since the 

electricity production mix may vary throughout the 

day. Regarding the hourly variations in electricity 

production, daily statistics diagrams provided by 

REN [32] were used, which report the production of 

electricity in MW, per type of production at each 

hour of the day, for every day of the year. The 

electricity production mix for 2017 is presented in 

Table 4 without hourly details. For all three 

scenarios, the same hourly distribution was applied 

to the general electricity mix. Unlike 2017 

electricity mix, imports were neglected, due to the 

lack of predictions in this matter. The resulting 

distribution is presented in Table 5.  

 

Table 4 – 2017 electricity production mix. 

Production 2017 

Coal 23.7% 

Natural Gas 23.5% 

Reservoir 6.9% 

Run-of-river 4.9% 

Imports 5.1% 

Pumped storage 1.1% 

Co-generation Fuel 0.6% 

Co-generation Natural Gas 7.1% 

Co-generation Biomass 2.4% 

Biomass  2.5% 

Wind 20.8% 

Solar  1.5% 

 

2.5. Inventory analysis  

This LCA was performed using the  software 

SimaPro version 8.5.0. [33]  and ecoinvent database 

version 3.4 [34]. All processes used in this LCA 

belong to ecoinvent 3 APOS and are unit processes. 

The APOS approach, i.e., allocation at point of 

substitution, was chosen because it considers the 

production of all products from scratch, including 

all the treatment processes required to obtain by-

products. 

Transformation processes were considered, 

since market processes also consider the input flows 

associated with default transportation of products. 

Thus, all processes of production and use of the two 

vehicles were studied individually, without 

accounting for the impact from transportation. This 

approach was followed to avoid considering generic 

transport processes that may not be representative. 

Only the processes related to electricity are market-

type because they inevitably include the 

transportation and distribution of electricity.       

 

3. Results 

3.1. Vehicle stock 

For Baseline scenario, it was obtained a vehicle 

stock composed by 4 746 723 light-duty vehicles, 

which is higher than the Ostrich and Lynx vehicle 

stocks. Regarding EV, a 13% share of the vehicle 

stock was obtained, which is exactly between the 

Ostrich 6% share and the Lynx 20% share.  

Lisbon vehicle stock for 2011 was around 8.2% 

of Portugal vehicle stock and it was assumed to stay 

constant until 2030, for all three scenarios. As for 

EVs in Lisbon, two scenarios were developed. 

For 2030, these scenarios assumed that the EV 

share in Lisbon would be 30% or 50% of the total 

vehicle stock in Lisbon. Since for 2017 that 

assumption would exceed the amount of EVs in 

Portugal only in Lisbon, it was assumed that Lisbon 

had 30% or 50% of all Portuguese EV fleet in 2017. 
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Table 5 – Hourly distribution of the electricity production mix by scenario. 

 
Baseline scenario Ostrich Lynx 

 
00h-08h 08h-16h 16h-24h 00h-08h 08h-16h 16h-24h 00h-08h 08h-16h 16h-24h 

Coal 30.24% 25.25% 24.37% 27.32% 21.77% 19.76% 0.00% 0.00% 0.00% 

Natural Gas 20.19% 28.42% 25.61% 9.25% 12.43% 10.53% 18.30% 21.89% 19.41% 

Reservoir 3.77% 8.41% 9.77% 4.49% 13.28% 14.62% 5.08% 13.38% 15.41% 

Run-of-river 5.14% 7.48% 7.43% 4.48% 13.27% 14.60% 5.07% 13.36% 15.39% 

Pumped storage 1.26% 0.76% 1.63% 0.89% 2.62% 2.89% 1.00% 2.64% 3.04% 

Biomass 2.69% 2.50% 2.44% 3.00% 2.67% 2.45% 3.21% 2.54% 2.44% 

Co-generation fuel 0.71% 0.66% 0.64% 0.93% 0.83% 0.76% 1.00% 0.79% 0.76% 

Co-generation natural gas 7.92% 7.37% 7.20% 7.56% 6.72% 6.17% 8.10% 6.41% 6.16% 

Co-generation biomass 2.83% 2.63% 2.44% 6.90% 6.12% 5.63% 7.39% 5.84% 5.62% 

Wind 25.24% 12.72% 17.61% 35.13% 16.89% 21.97% 50.70% 21.70% 29.57% 

Solar 0.03% 3.79% 0.73% 0.03% 3.40% 0.61% 0.10% 11.40% 2.15% 
 

100% 100% 100% 100% 100% 100% 100% 100% 100% 

 

3.2. Diesel vs. Electric 

In order to the simplify the presentation of 

results, Figure 2 captions contain acronyms for each 

case, where DLE stands for Diesel Lisbon Eco, 

being N and A for Normal and Aggressive and P for 

Portugal. The acronyms started with E are regarding 

EVs.   

The EV with eco behaviour in Lisbon is the 

profile that emits less GHG, as opposed to the diesel 

vehicle with an aggressive behaviour in Lisbon that 

emits an additional 80 g CO2eq, approximately. An 

EV traveling in Portugal with an aggressive 

behaviour is responsible for more emissions than an 

eco diesel vehicle in Lisbon or Portugal. The 

difference between emissions according to 

behaviours is more evident than the difference 

between driving in Lisbon or Portugal, for both 

diesel and electric vehicles. For example, the DPE 

vehicle emits 148.3 g CO2eq and the DLE vehicle 

emits slightly more GHG (151.5 g CO2eq), however 

the DPN vehicle emits 171.5 g CO2eq. Although the 

difference according to the area of circulation is less 

visible, it is more evident for an EV than a diesel 

vehicle. 

Regarding the vehicle production, the EV emits 

slightly more GHG, since it is heavier and implies 

more materials. However, if the vehicle production 

is attached with the battery production, it represents 

between 29% and 40% of total emissions, while 

diesel production represents between 16% and 22%. 

There is also a slight difference in the battery 

according to the different behaviours. The more 

aggressive the behaviour, the more cycles are 

performed, and the more batteries are used. 

In terms of fuel and electricity, as expected 

considering the consumption shown in Table 3, the 

more aggressive the behaviour, the more GHG are 

emitted. Furthermore, the diesel vehicle emits 

slightly less GHG in an area less urban, unlike the 

EV. It should be noted that an eco behaviour in a 

diesel vehicle emits approximately the same 

amount of GHG as an aggressive behaviour in an 

EV that circulates in Portugal (average use). 

The “others” part is constant in all cases of 

diesel and VE, since maintenance and road 

construction were considered constant by type of 

vehicle. However, the maintenance of a diesel 

vehicle emits more GHG than the maintenance of 

an EV, according to the emissions indicated by 

default in the database. 

 

3.3. Charges  

To simplify this analysis, the EV with normal 

behaviour in Lisbon was chosen, considering its 

consumption and number of loads. These results 

allow the distinction between the emissions 

associated with the different electricity mix of each 

scenario in the three charging periods. Therefore, 

Figure 3 only illustrates the emissions from the 

electricity production needed to travel 1 km. This 

approach, instead of emissions per kWh produced, 

allows the consistency between results by following 

the chosen FU. Thus, it is possible to compare the 

amount of emissions in each scenario with the 

fuel/electricity emissions in Figure 2.  

Regardless of the charging period, Baseline 

scenario emits more GHG than any scenario, 

followed by the Ostrich that shows a reduction. The 

Lynx scenario is the one that least contributes to 

GWP, emitting less than half of any of the 

remaining scenarios.  



6 

 

 
Figure 2 – CO2eq emissions per km travelled in both vehicles according to driving area and behaviour. 

 
Figure 3 - CO2eq emissions from electricity production needed to travel 1 km, according to the different 

scenarios and charging periods. 

Comparing the results obtained for Baseline 

scenario and the Ostrich scenario in the three 

loading periods, there is a 16%, 20% and 24% 

reduction in GHG emissions, respectively. The 

Lynx scenario is responsible for very low emissions 

compared to the other two scenarios. Between 

Baseline scenario and the Lynx, there is a reduction 

of 69%, 62% and 64%, since the Lynx is the only 

scenario that has the lowest emissions between 

midnight and 8am. Between the Ostrich and Lynx 

scenarios the reductions remain higher than 50%, 

being 63%, 53% and 52% respectively. 

Regarding the differences between the charging 

periods, the results are similar for Baseline scenario 

and Ostrich. Both have a reduction in emissions 

throughout the three periods of the day. As for the 

Lynx scenario, the results do not follow the same 

trend, given that the period with the lowest 

emissions is between midnight and 8am. That said, 

there is an increase in the period from 8am to 4pm 

and from 4pm to midnight. 

 

3.4. Vehicle stock impact 

From the number of vehicles per scenario and 

considering the 12 000 km travelled per year, the 

total emissions by scenario were estimated. In order 

to simplify this analysis, only the normal driving 

behaviour was considered. For the same reason, it 

was assumed that all EVs charge during the night 

(00h–08h), since it is the worst-case scenario in 

terms of associated emissions, but also because it is 

the hour of least consumption during the day [32]. 

The results are divided between the Lisbon 30 and 

Lisbon 50 hypothesis and consider the emissions 

associated with the use of the vehicles for one year, 

2017 or 2030. Figure 4 shows the emissions 

associated to the different vehicle stock 

compositions by scenario. 

Given the small number of EVs in 2017, there are 

no significant differences between hypothesis 30 

and hypothesis 50, while in the other scenarios it is 

possible to verify this difference. However, the total 

emissions are approximately equal between the two 

hypotheses for all scenarios, since the number of 

ICEVs and EVs is the same. Nevertheless, 

hypothesis 50 presents less 61 kt CO2eq, 18 kt 

CO2eq and 6 kt CO2eq than hypothesis 30 for 

Baseline scenario, Ostrich and Lynx, respectively. 

In 2017, both hypotheses emit 6 734 kt CO2eq, 

given the small number of EVs in circulation.
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Figure 4 – Total emissions of all vehicle stock over a year according each scenario and EVs share in Lisbon. 

4. Discussion  

This study was developed to perform a LCA that 

considered the main limitations identified in the 

State of the Art, so that it could be as complete as 

possible. Several variables that are relevant to the 

results were analysed, such as the evolution of the 

vehicle stock and the penetration of EVs, different 

consumptions (which avoided a study based on 

theoretical values), different mix of electricity 

production and also different charging periods. One 

of the aspects considered most relevant was to 

analyse the complete life cycle of the vehicles, so 

that the use phase was not the only one evaluated, 

as in some of the verified studies. Although the 

production phase was included, the EoL phase was 

not considered and thus the whole life cycle was not 

analysed. 

The three scenarios considered are distinguished 

by the different vehicle stock compositions, namely 

the EVs fraction and the total number of vehicles in 

circulation, and also by the different mix of 

electricity production that influence the associated 

emissions to EVs’ charges. The Lynx scenario was 

the one that showed less impact, since it is the 

scenario with less vehicles, larger fraction of EV 

and more renewable sources in the electricity mix. 

The total emissions from Baseline scenario were 

lower than the Ostrich scenario derived from the EV 

fraction (13%), despite having slightly more 

vehicles than the Ostrich scenario and lower 

renewable electricity production. 

4.1. Vehicle stock 

It was considered that the vehicle stock 

estimated through a logistic curve presented valid 

results, taking into account the characteristics of 

Baseline scenario. In a similar estimation, a vehicle 

stock of 5 000 000 vehicles was obtained for 

Portugal in 2030 [10], about 250 000 higher than the 

value obtained for Baseline scenario. 

Concerning the evolution of the EVs, it was 

verified that BAU developed scenario is at an 

intermediate point between the Ostrich and the Lynx 

scenarios, since the result obtained for Baseline 

scenario (13%) is exactly between the fraction of 

EVs in the Ostrich and Lynx scenarios (6% and 

20%, respectively). Hence, this BAU scenario 

describes a middle ground between the most 

extreme scenarios, despite having a higher vehicle 

stock and an electricity mix with the lowest 

renewable fraction, compared to the Ostrich and 

Lynx. Given that EVs are still at the beginning of 

their expansion, most studies consider different 

possible scenarios where dominant vehicle types 

(diesel, gasoline, hybrids or electric) vary without a 

prediction. In order to validate the result obtained 

for Baseline scenario, it was considered a 

prediction of the International Energy Agency that 

estimates that, in 2030, 14% of the world’s vehicle 

stock will be composed by EVs [35]. A more 

pessimistic forecast indicates that this fraction will 

only be 4% of the Spanish vehicle stock in 2030 

[36], being even lower than the 6% predicted in the 

Ostrich scenario.   

   

4.2. Consumptions 

Compared to the current fuel consumption of 

most diesel vehicles, between 4 and 6 l/100km, the 

diesel consumption considered is significantly 

lower. The vehicle considered as representative of 

diesel vehicles circulating in 2030 has a reduced 

fuel consumption because it is one of the most 

recent models on the present market. It is expected 

that by 2030 most vehicles will have consumption 

similar to Renault Clio [37]. 

As for EVs, it wasn’t considered the energy 

consumptions applied in other studies since they 

were all related to the first generation of EVs. First 

generation batteries had almost half the capacity (24 

kWh) and the consumptions were higher, being able 

to reach 25 kWh/100 km. In addition, there was a 

great disparity in applied consumption, also pointed 

out by Hawkins et al., 2012 [6] in his review of 
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several EVs studies. Therefore, the energy 

consumption for the EV was estimated and 

considered to be coherent, being quite similar to the 

consumption obtained by Faria et al., 2013 [4]. In 

addition, the 13.4 kWh/100 km estimated as a 

normal consumption for urban use (Lisbon) 

approximates to the theoretical consumption 

presented by the vehicle brand (13.3 kWh/100 km). 

Helmers et al., 2017 [14] obtained for an urban  and 

a normal scenarios a consumption of 10.3 kWh/100 

km and 13.4 kWh/100 km, respectively,  

nevertheless he considered a Smart Fortwo that, 

being a "mini vehicle", has a reduced consumption.  

 

4.3. Charges and electricity mix 

To simplify this analysis, only one type of 

charging stations was considered. Despite assuming 

that the charging stations of 7.4 kW are 

representative, neglecting the fast charging stations 

may lead to results that do not cover all the charging 

possibilities. Rapid charging stations are associated 

with lower electricity consumption despite having 

higher power, given their superior efficiency [38]. 

However, a frequent use of quick charging stations 

leads to faster battery wear, causing the battery to 

support fewer cycles than an EV battery that 

charges at slow charging station.  

Baseline scenario assumes that the shares by 

source of electricity production remain constant 

until 2030. The possible increase of the renewable 

fraction is not considered, since detailed data on 

new dam construction projects is not available [39]. 

The construction of wind parks is expected to start 

in 2018 [40], but no detailed information regarding 

the end of the project and introduction into the 

electricity generation network was found. Studies to 

investigate the possibility of increasing the 

renewable fraction in Portugal indicate that, to reach 

100% of electricity from renewable sources, it 

would be necessary to expand the network [41][42]. 

Nevertheless, the current Minister of the 

Environment said that Portugal will cease 

electricity production in coal-fired power plants by 

2030, in order to reduce atmospheric emissions by 

85% by 2050 [43]. A study developed by APREN 

(Portuguese Association of Renewable Energies) 

predicts that the installed capacity in renewable 

power plants will double between 2010 and 2030, 

replacing coal and natural gas production [44], 

being closer to the Lynx scenario than to Baseline 

scenario.  

 

4.4. Life Cycle Assessment  

To do a complete LCA, it would be necessary to 

include the EoL phase, although it has been 

discovered from the literature that it is not very 

relevant to the total life cycle impacts and therefore 

could be neglected. In addition to these 

considerations, the software database did not have 

the necessary EoL treatment processes to handle 

specific EV components, such as battery and 

electronic components. 

 

4.4.1. Diesel vs. Electric  

The EV production emits about 1.5 times more 

GHG than the production of the diesel vehicle. This 

comes from the fact that  the EV is heavier than the 

diesel vehicle and has the addition of the battery and 

the electronic components [15].  

Comparing the results of the fuel/electricity in 

the use phase according to the behaviour, an EV can 

emit about 150 g CO2eq/km, being close to the 

impact of a diesel vehicle with an eco behaviour. 

Knowing that around 40% of 2017 electricity 

production was from renewable sources, the results 

for the EV did not show significantly lower 

emissions than diesel vehicles. To understand 

another cause for these results, the efficiencies 

considered in the database to produce electricity 

from coal and natural gas were analysed. In 

ecoinvent, the process of electricity generation from 

coal in Portugal indicates that 0.41 kg of coal is 

burnt to obtain 1 kWh. Considering that the lower 

heating value (LHV) of the coal is 29 517 kJ/kg 

[45], it results in an efficiency of approximately 

30%, much lower than the 40-48% range 

considered by the EU [46]. Applying the same logic 

for natural gas, 0.18 m3 is required to obtain 1 kWh 

and the LHV is 37 840 kJ/Nm3 [45], which results 

in an efficiency of about 50%, consistent with the 

range 40-50% [46]. Thus, it is understandable that 

the emissions for electricity generation are higher 

than expected, since a 30% efficiency leads to the 

necessity of a higher amount of coal to produce the 

electricity required for EV charges.  

 

4.4.2. Charges 

The lower the fraction of coal in the electricity 

mix, the lower the emissions from electricity 

production. Therefore, both the Ostrich and the 

Lynx scenario have less emissions, since they have 

a higher fraction of renewables. 

The EV with normal behaviour in Lisbon (ELN) 

emits 135.4 g CO2/km of which 75.7 g CO2/km 

result from the consumption of electricity. 

Analysing Figure 4, it is possible to verify that the 

Ostrich scenario emits less GHGs between 4pm and 

midnight (72.9 g CO2/km), while in the Lynx 

scenario emissions are always lower regardless of 

the charging period. When the EV charges between 

midnight and 8am, considering the Lynx scenario, 

emissions from electricity production are about half 



9 

 

of the 75.7 g CO2/km (32.6 g CO2/km). Considering 

this charging period for the Lynx scenario, the total 

ELN emissions will reach 92.4 g CO2/km, which are 

considerably lower than the 175.4 g CO2/km 

emitted by the DLN (Figure 2). 

The emissions variation according to the 

charging period was considered insignificant for 1 

km travelled. However, for a more comprehensive 

analysis that included the number of kilometres 

travelled and the number of vehicles to be charged, 

different charging periods would already have a 

more relevant effect. 

 

4.5. Vehicle stock impact 

The Lynx scenario is clearly responsible for less 

emissions, given the vehicle stock reduction and the 

high fraction of EVs.  

The results obtained in Figure 4 are proportional 

to each scenario vehicle stock, regardless of the 

variation in EVs and diesel vehicles fractions. The 

resemblance between the results for hypotheses 30 

and 50 indicates that the differences between 

consumptions in Lisbon and the rest of the country 

are not significant on a large scale. 

 

5. Conclusions  

EVs are a technology in constant evolution, 

therefore it is appropriate to continue investing by 

promoting their introduction into the vehicle stock, 

considering the need to reduce atmospheric 

emissions from the transport sector. Currently, the 

main limitation of EVs is their autonomy. 

Nevertheless, vehicle brands continue to focus on 

improving their technologies to compete directly 

with a conventional vehicle. Therefore, it is 

expected that the future EV models will have lower 

energy consumption than the model considered in 

this study and a higher autonomy. 

The adoption of EVs is a good option if at least 

50% of electricity production comes from 

renewable sources. The use phase of an EV in the 

Lynx scenario allows a reduction of GHG emissions 

between 50% and 70%, comparatively to Baseline 

scenario and the Ostrich scenario. Therefore, coal 

production is the reason why the EV impact can be 

equal or greater than 150 g CO2eq/km emitted by 

the DLE vehicle. Reducing the coal fraction, EVs 

will always have a lower impact than diesel vehicles 

during the use phase. In that case, the fact that the 

EV production emits 1.5 times more GHGs will not 

be significant throughout the life cycle. 

According to driving behaviour, emissions 

between aggressive and eco behaviour may lead to 

reductions around 25% for diesel vehicles and 20% 

for EVs. The GHG emissions resulting from the eco 

behaviour in a diesel vehicle are approximately 

equal to the emissions of an aggressive behaviour in 

an EV. Therefore, mass adoption of eco-driving in 

ICEVs would have the potential to achieve emission 

reductions equivalent to the mass adoption of EVs, 

which would have the extra impact of its 

production. However, it was found that the results 

obtained for the EVs in 2017 do not consider the 

real efficiency of coal-fired power stations and may 

lead to different conclusions in this matter. 

In terms of emissions, vehicle circulation in 

Lisbon or Portugal was less significant than 

different driving behaviours, since diesel vehicles 

circulating in Lisbon emit about 2% more than those 

that circulate in Portugal. The EVs shown a more 

pronounced difference, where circulating in 

Portugal results in about 9% of the emissions of 

circulating in Lisbon. 

Except for the Lynx scenario, all 2030 scenarios 

have higher emissions than 2017 emissions (6 734 t 

CO2eq). Regardless of the EVs fraction in Lisbon, 

Baseline scenario emits around 7 300 t CO2eq, 

while the Ostrich scenario exceeds it by around 400 

t CO2eq. The Lynx scenario emits nearly 6 100 t 

CO2eq, the lowest amount of GHGs.  

In short, driving behaviour can have a 

significant influence on the impact of a EV, but the 

electricity mix is the determining factor for EV 

success or failure compared to diesel vehicles. 
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