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Executive summary 
Conducting an Life Cycle Assessment (LCA) to determine the environmental impact of electric 
passenger cars is not straightforward. Many modelling choices need to be made that may have a 
large influence on the results. This document provides guidelines for the electric vehicle related 
issues in conducting an LCA on electric passenger cars. This guideline will only discuss the aspects 
that are specific to electric vehicles and investigate the issues that are in need of specific attention. 
Standard or traditional LCA procedures and issues will not be discussed in detail. For more general 
advice on how to conduct an LCA, we refer the reader to the ILCD guidelines1 and the ELCAR 
guidelines2. This guideline is a supplement to earlier LCA guidelines and is written for experienced 
LCA practitioners planning to conduct an LCA on a fully battery electric passenger car (BEVs) with or 
without comparison to a conventional internal combustion engine passenger car (ICEVs). The 
document is complementary to the LCA guidelines and does by no means replace the need to study 
and apply the general LCA guidelines. The document attempts to provide additional support on 
issues specific to electric vehicles. In particularly, it addresses the question how the environmental 
impact of electric vehicles in the Swedish market can be determined. Hence, to support the LCA 
practitioners, these guidelines provide data specific to the Swedish market (such as impacts from 
public charger outlets, end-of-life recycling, and ambient temperature effects). Although the data is 
specific to the Swedish situation, the procedure can be applied to other countries.  

The guideline is based on an extensive literature review covering previous LCAs on electric vehicles. 
The findings of the literature review are described in the scientific background appendix associated 
with this report.  

Chapter 1 introduces the need for guidelines and discusses which aspects should be included in the 
environmental comparison of electric and conventional vehicles. It discusses the selection of 
appropriate vehicles and their lifespan and provide a general outlook for the rest of the report.  

Chapter 2 discusses the LCA modelling choices in the production phase of the electric vehicle. 
Specific attention is given to the battery of electric vehicle, given that a large share of the 
environmental impact in the production phase normally stems from the battery production. 
Environmental data on batteries is provided as benchmark to compare one’s own data with. The 
impacts from the charging infrastructure is also discussed in this chapter.  

Chapter 3 provides an overview of the issues in the use phase. In particularly the question is 
addressed how the energy consumption of electric vehicles in their use phase can be determined. 
Monitoring energy consumption of electric vehicles on the road provide the most reliable answer but 
might be in many cases difficult to achieve. A procedure on how to estimate the energy consumption 
is therefore provided as next best alternative. The procedure includes charging efficiencies, the use 
of auxiliaries, the effect of ambient temperature, and the higher energy consumption of on road 
driving behavior compared to the NEDC drive cycles. The chapter further discusses the 
environmental impact of electricity and the impact from maintenance.  

                                                             
1 European Commission - Joint Research Centre - Institute for Environment and Sustainability: International 
Reference Life Cycle Data System (ILCD) Handbook - General guide for Life Cycle Assessment - Detailed 
guidance. First edition March 2010. EUR 24708 EN. Luxembourg. Publications Office of the European Union; 
2010   
2 http://www.elcar-project.eu/uploads/media/eLCAr_guidelines.pdf  
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Chapter 4 gives detailed instruction on the modelling of the end-of-life phase of passenger cars in 
Sweden. The battery is treated as separate component in the end-of-life phase giving its need for 
different recycling processes.  

Chapter 5 discusses the advice on impact categories to be included in the LCA study and shows the 
likely effect of replacing an ICEV with an electric vehicle on each impact category based on earlier 
LCA studies.   
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1. Introduction 
The future is hard to predict when data is only available for the present or past. When applying the 
LCA method to fast changing and disruptive systems such as electric vehicles, there is often a lack of 
data and the future development uncertain and fast moving. Even though the conclusion could be 
that electric vehicles are not so good for the environment today they could be considerably better in 
a future setting with completely different boundary conditions compared to the present ones. The 
data availability problem limits the possibility to study the environmental impact in a detailed and 
reliable way and outdated data may give misleading results. It gets even more problematic when 
electric vehicles are compared with traditional ones as there are often unclear and non-compatible 
system boundaries between and within different LCA-studies.  

LCA is a powerful tool that, when used in the wrong way, can prove almost anything. Without 
transparency, it is often hard or impossible to understand why a certain result was achieved. The 
purpose of this report is to give advice and summarize the steps and parts that need to be covered in 
an LCA of electric vehicles. Pitfalls and uncertainties are discussed and problematized along the 
lifecycle of the vehicle. 

A review of earlier LCA studies on electric vehicles have shown that there is an urgent need for LCA 
studies that uses data that actually represent a modern electric vehicle that is manufactured and on 
the road. The current LCI data in the LCA databases is in most cases not up to date with the newest 
technologies for electric vehicles. This has led to (academic) studies that show false and incorrect 
results regarding the environmental impact of electric vehicles. This guideline tries to prevent this by: 

1. Discussing appropriate system boundaries for a comparative LCA study on BEVs and ICEVs.    
2. Specifing which input data to collect and how to collect it.  
3. Providing input values realistic for the Swedish case.  
4. Suggesting useful impact categories for assessing the wider impact on the environment.  

 
Even though the Swedish case is assumed in this guideline report and the report provide therefore 
data specific to the Swedish case (in particular in the use and end-of-life phase), the report contains 
broader learnings on how to determine these realistic input data which can be applied to other 
countries.  

1.1. Comparing BEVs with ICEVs 
When comparing different vehicles with each other, the full life cycle should be included, including 
the direct and indirect emissions related to production, use, and end-of-life treatment of the 
vehicles3. More specifically, this includes well-to-tank (WTT), tank-to-wheel (TTW), vehicle 
production and assembly, maintenance, other usage impacts, dismantling, recycling, reuse and 
extraction of raw materials and distribution. WTT includes the production of fuel and electricity 
including its upstream processes such as fuel extraction, refinery, distribution and storage of the fuel, 

                                                             
3 In the future, reuse/remanufacturing scenarios will most likely become more important. For example, traction 
batteries might get a second-use application after the first use in the electric vehicle, which will impact the 
overall environmental impact of electric vehicles. How to include those scenarios is currently under discussion 
in the LCA community (for all types of products, not only electric vehicles). LCA practitioners should follow the 
new LCA guidelines on circular economy when available.  
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and production and distribution of electricity. TTW covers the tailpipe emissions and any other 
emissions during the use of the vehicle. 

A simplified overview of the different stages in the LCA is shown in Figure 1.  

 

Figure 1: overview of Life Cycle stages of vehicles 

In each life cycle stage specific issues arises, some relate to general LCA questions while others are 
more specific for conducting an LCA on electric vehicles. The electric vehicle parts and aspects that 
are important in an LCA are summarized in Table 1.  

Life cycle 
stage 

Component Specific issue 

Raw 
material 
extraction, 
production 
and 
assembly 

Electric motor(s) Use of metals such as copper. Use of 
rare earths materials in magnets 

Batteries (which includes battery cell, 
packaging, battery management system, 
and cooling system. 

Quantity of copper used in production 
and related impacts from copper 
production (acidifying emissions and 
sulfidic tailings in mining). 

Electronics; Inverter, Controller, etc. Use of metals such as copper and lead 

On-Board Charging Electronics Use of critical materials including 
copper, gold, silver, tin and platinum.  

Capacitors Identify any critical materials 

Regenerative Braking System How will it impact brake components 
and how will it impact energy 
consumption during driving? What type 
of system? 

Structural components Manufacturing processes and material 
choices. Composites, steel or aluminum 
etc. 
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Wheels and Tires Non-exhaust emissions 

Base Vehicle / glider / body frame Large quantities of iron and steel which 
might be replaced by lightweight 
materials such as aluminum, plastics, 
and carbon fiber.  

Chargers Use of critical materials including 
copper, gold, silver, tin and platinum. 
Charger efficiency. Type of charger and 
any additional charging equipment. 

Steering, braking, suspension, and 
transmission system 

Use of metals, plastics, and carbon 
fibers. Substances used in braking 
system as this can be released into the 
environment as non-exhaust emission. 
Composition of brake pads. 

Fuel / 
electricity 
production 
and supply 
chains 

fuel production Upstream emissions 

Infrastructure: EV chargers, Electricity 
Generation, Transmission 

Energy efficiency and number of 
charging stations/points needed 

Use phase 
vehicle 

Driving patterns Additional energy consumption due to 
heating and air conditioning, auxiliaries, 
internal battery losses in standstill, and 
battery charging losses. Climate 
conditions. Driver behavior (acceleration 
/ speed). State-of-charge (in which 
battery is begun to recharge, depends 
on average driving distance per day). 
Night or day charging. 

Charging patterns  

Maintenance / Part replacement Battery replacement if needed. 

End-of-Life 
recycling, 
disposal 
and reuse 

Disassembly / Treatment Specific hazards such as chemicals. 

Waste disposal / recycling/ reuse Hazardous material handling, battery 
second life 

Table 1: Overview of specific electric vehicle components along the life cycle and its specific issues (based on Del Duce et al., 
2013). To be used as a guide when setting up the structure of a LCA for electric vehicles. 

1.2. Functional unit and reference flow 
Comparing vehicles with different powertrains with each other requires the selection of ‘equal’ cars. 
What can be considered as ‘equal’ car is not easy to answer. Several suggestions have been made: 
vehicles that belong to the same class or vehicle segment, vehicles that have equal mass-to-power 
ratio, equal drive range, equal volume, etc. The question which vehicles to compare is dependent on 
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the objectives of the study, which is why previous LCA guidelines have not specified this. Assuming 
that the purchase of an electric vehicle replaces the purchase of a conventional ICEV, these two 
vehicles can be compared based on consumer research that indicates which car is comparable, i.e. 
are targeting the same consumer groups. When assuming that the electric vehicle becoming part of a 
pool of vehicles that is shared among users, it is important to assess what this pool replaces. What 
and how many cars will be driven less (will not be bought) due to having this pool? When assessing 
the environmental impact of shifting to electric vehicles on society level, the current vehicle fleet can 
be assumed. In all cases, the vehicles will have to be specified in the LCA report as well as the 
justification why these vehicles are comparable.  

When showing the LCA results for electric vehicles, most studies choose to report the results per km 
driven. This means that the environmental impacts are calculated over the total life cycle and divided 
over the total km driven during the lifetime of the vehicle. Some researchers specify the results per 
person-km driven, meaning that they divide the total environmental impact by the total km driven 
during the lifetime of the vehicle multiplied with the average number of passengers in the car. Since 
car sharing and other mobility as a service (MAAS) solutions will potentially be more and more 
important in the future, perhaps even fading out individual car ownership, the utilization of a car in 
terms of number of persons occupying it at a certain time will not be constant. When comparing car 
sharing or MAAS solutions with the conventional practice of individual car ownership, this measure 
of ‘per passenger km’ become important. If simply two vehicles are compared with each other with 
the same use, i.e. individual car ownership, the utilization can be assumed equal and therefore ‘per 
km’ will suffice.  

In both cases, the lifespan of the vehicle becomes critical for the output and effort will have to be put 
in to determine a realistic lifespan. Simply assuming that both vehicles have a similar lifespan is in 
most cases not correct. For existing vehicles that have been longer on the market, end-of-life data 
can be retrieved from various databases that include the age of the vehicles (per car model) and 
average distances driven. However, note that the average lifetime of vehicles is changing over time 
and that up-to-date information should be retrieved that represent the chosen vehicle accurately. 
For electric vehicles, both the lifespan of the vehicle and the battery need to be assessed. 

2. Production phase 
The production phase of the vehicle mainly contains the following processes and steps: 

• Upstream production processes with emissions and resources used for obtaining the raw 
materials. 

• Transport of components and material to the production facilities and transport to the 
assembly plant/plants often including several different transports between different 
locations with different treatment and assembly sites. 

• Emissions and inputs/outputs in the production facilities. 
• Transport of finished products and parts to dealers or directly to customers. 
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Figure 2: Simplified process flow, Production phase 

The number of raw material processing steps associated with the material content of a vehicle are 
numerous. A wide range of virgin raw material and recycled materials is combined and assembled in 
the final end product. The associated emissions, energy use and material input/output of these 
material production processes can often be found in LCA-Databases however specific actions is often 
required to find correct detailed data and define the share of recycled material. 

The production and assembly processes of vehicles is a complex combination of in-house produced 
components and components and subsystems that is sourced from many different suppliers. It is 
often time consuming and hard to find exact data for these processes. 

A complete bill of materials (BOM) is essential in order to analyze the environmental impact of the 
production phase. Obtaining such a list is often time consuming and relies on information from 
suppliers and different departments within the OEM company. Material specifications is often very 
hard to obtain for external LCA-experts acting outside the vehicle industry often due to confidential 
nature of the information. It is recommended to put high priority on obtaining a full BOM content 
rather than relying on for example a standard chassis and add components relevant to an electric 
vehicle. By gathering a complete BOM, it is also possible to analyze which components that have the 
highest environmental impact “hotspots”. The level of detail for the BOM needs to be specified in the 
scope of the study and in order to get full material content e.g. steel needs to be analyzed with 
regards to its complete content including alloys etc. Thus, steel and other materials come in many 
forms and the exact composition will differ depending on the type that is utilized. At some point 
average data must be used if specific data cannot be obtained. Electronics is an area where it is often 
specifically hard to find specific data. However, it is important to make an extra effort and try to 
obtain data for electronics since the amount is increasing constantly in all kind of vehicles. If older or 
generic data is used for electronics, the risk of missing relevant parts and materials increases. 

When the complete BOM is finalized, the data for production facilities need to be gathered. Data for 
production facilities is often easily available for internal LCA-practitioners since most companies keep 
track on their energy use, emissions etc. under environmental legislation linked to the environmental 
permits for the production plants. Any company that reports on sustainability parameters separately 
or in their annual report will also normally have detailed data for their production facilities. The 
following data is normally available for production facilities. 

● Energy consumption by type 
● Water consumption 
● Emissions to air, CO2, nitrogen oxides, solvents etc. 
● Emissions to water 
● Emissions to land 
● Waste generation 

    Raw	material	extraction   Transport   Production  
Transport	to	
dealer	or	
customer 
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Electric vehicles have a different structure compared to traditional vehicles with new components 
such as traction batteries, electric motors and in some cases a dedicated platform that has been 
adapted to electric drive instead of a traditional ICE. In some cases, electric vehicles are based on 
standard ICE-vehicle platforms and in those cases the engine and other components are removed 
and the electric drivetrain is added. Thus, the production process of a foundry that normally is the 
central process for an ICE is exchanged by a process for electric machines and batteries. The 
following list of components need detailed analysis with regards to the material content and the 
associated production processes. 
 

● Electric machines 
● Power electronics and control systems 
● Batteries for traction, lithium batteries or other relevant types 
● Components impacted by increased vehicle mass such as tires 

 
For these vehicle components and subsystems, the following aspects need attention: 
 

● Electric machines may in some cases contain rare earth metals and other critical and scarce 
materials for example in magnetic components. Thus, the material content of electric 
machines needs to be analyzed in detail. 

● Power electronics and control systems needs attention since these systems contain metals 
such as copper, lead etc. 

● Batteries are normally one of the most important components for the environmental load 
during the production of electric vehicles. The material content with regards to lithium, 
cobalt etc. needs to be analyzed in detail. Energy consumption and the source of energy 
utilized during the production and assembly of batteries needs to be analyzed and data from 
specific battery production plants are needed. In a recent report from IVL4 the range of 
energy consumption and CO2 emissions in which most batteries will fall are calculated: 
“Based on our review greenhouse gas emissions of 150-200 kg CO2-eq/kWh battery looks to 
correspond to the greenhouse gas burden of current battery production. Energy use for 
battery manufacturing with current technology is about 350 – 650 MJ/kWh battery.” This 
does however not represent the batteries produced today since the report is based on a 
literature study and thus the data is some years old. Nevertheless, it provides some 
indication on the likely CO2 and energy consumption to which the LCA results of the battery 
can be compared but it does not replace the need to investigate the actual emissions from 
the battery.  

● It is vital to have a detailed dialogue with the battery manufacturer in order to get correct 
and relevant data. In the case of batteries, it is also vital to take the fast 
development/innovation and continuous improvement into account. Data for production 
plants will be irrelevant in quite short time given the fast-moving pace of technologies as 
such and the way to produce batteries. As an example, the battery energy density was 
doubled during the period from 2013 to 20155  

                                                             
4 Romare, M., Dahllöf, L. (2017). The life cycle energy consumption and greenhouse gas emissions from lithium-
ion batteries: a study with focus on current technology and batteries for light-duty vehicles. IVL Swedish 
Environmental Research Institute, Stockholm, Sweden.  
5 (Personal communication, Bo Normark, PowerCircle 2017)  
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● Electric vehicles might have a greater mass compared to a traditional ICEV. As a result of 
greater mass, electric vehicles with higher mass will decrease the lifetime of components 
that are impacted from that extra mass such as tires. 

 
The choice of allocation method for production facilities is important and depend on the type of 
production facility and product. Here it is important to follow the general LCA rules and guidelines for 
allocations. If a plant produces x amounts of products per year, the data for the plant is often just 
divided by the x. If several products are produced in the same plant, the allocation may be done 
based on mass, economic value or other relevant aspects. 

The choice of background system for inputs in the processes such as electricity and other flows needs 
to be handled carefully. See chapter 3.7 for guidance on choices when it comes to data for electricity 
use in LCA. When the background system dominates the results the choice of such systems is crucial 
and will influence the total results. 

Key guidelines 
- A complete bill of materials (BOM) is time consuming but essential. Devote significant time 

and start discussions early with suppliers to obtain material content of sourced components. 
- Prioritize obtaining a complete bill of materials (BOM) instead of relying on standard 

modules from older LCA-studies or databases. 
- Production data for batteries will have significant impact on the lifecycle. Detailed analysis 

needed together with battery suppliers. 
- Carefully consider how background systems are chosen such as electricity supply. Keep it 

consistent throughout the study. 
 

2.1. Public and home chargers 
To charge electric vehicles, a different set of infrastructure is needed. About 82% of all recharging 
events occur at slow charging points, usually at home6. Since home chargers usually serve only one 
car, the environmental impacts of the home charger should be included in the assessment of the 
electric vehicle.  

Fast charging points at public locations serve more customers per day. It is estimated that currently 
between 0.15 to 0.25 cars per day are served while on the long term 0.5 to 8.5 charges per day can 
be expected7. However, since home charging is much more usual than fast charging, most vehicles 
will not make use of these public charging points on a daily basis. Nevertheless, the infrastructure is 
there in case they need it. In Sweden, there are today 2271 public charging sites for electric vehicles, 
together providing more than 8000 outlets8. With the around 280009 vehicles in Sweden that can 
charge their vehicles, this equals to 3.5 vehicle per outlet. Consequently, 1/3.5 public outlet should 

                                                             
6 http://papers.sae.org/2012-01-0199/  
7 Lucas, A., Silva, C.A., Neto, R.C. (2012). Life cycle analysis of energy supply infrastructure for 
conventional and electric vehicles. Energy Policy, 41, 537-547.  
8 http://www.uppladdning.nu/List.aspx#SE 
9 This includes both BEVS and hybrids and both passenger cars as light duty transport vans. Statistics from the 
year 2016. BilSweden. Available at: http://www.bilsweden.se/statistik/fordonsbestand  
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currently be included in the LCA of the electric vehicle to model the environmental impact of electric 
vehicles currently on the road in Sweden.   

Key guidelines 
- Include the home charger in the LCA and model it as part of the vehicle components (include 

the production process, end-of-life and energy efficiency in the use phase). 
- Include 1/3.5 public outlet when modelling the environmental impact of electric vehicle(s) on 

the market in Sweden today. 
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3. Use phase  
The use phase of the vehicle includes the use, repair and service of the vehicle. 

In the use phase, the fuel or electricity consumption needed to drive the vehicles shall be included in 
the environmental assessment, as well as the impacts from repairs and maintenance. Many factors 
impact the energy consumption during use, which is why we first discuss the energy consumption of 
drive cycles, followed by additional energy consumption under specific circumstances, including the 
effects of driving behavior, auxiliaries, and temperature. After establishing how the energy 
consumption of driving should be calculated, we assess the associated emissions linked to the fuel or 
electricity consumed. Finally, the impacts from repair and maintenance will be listed.   

 

Figure 4: Simplified process flow, use phase 

3.1. Energy consumption 
The total “real-world” energy consumption of a vehicle is a function of a wide range of different 
parameters. The energy consumption will normally depend heavily on the driving cycle that is applied 
and specific conditions such as climate, driver behavior, auxiliary load etc. The expression “real 
world” comes from the fact that values obtained from certification of vehicle in vehicle laboratories 
often differ significantly from those values obtained during real driving on public roads under normal 
use of the vehicle. 

The choice of method to evaluate the energy consumption of the vehicle goes back to the goal and 
scope of the study. For example, will the figure be used for comparison or not? If the specific route is 
known, a specific drive cycle can be used, as is often the case for city buses. As this report focuses on 
passenger cars, the different use cases vary extensively which complicates the study. 

The best data source for determining realistically the environmental impact of driving the specific 
vehicle on the road in a specific use case is to monitor actual energy consumption. However, in many 
cases it might be difficult to assess such data. In such cases, we suggest the following procedure for 
calculating the likely energy consumption of electric vehicles in their use phase.  

To calculate ‘real world’ vehicle energy consumption that describes average driving behavior: 
 
Step 1: calculate the mechanical energy to move the vehicle along the NEDC trajectory by using the 
following equation: 

𝐹(𝑡)% = 𝑚(𝑎(𝑡) +
1
2
× 𝐶/ × 𝜌 × 𝐴 × 𝑣3(𝑡) + 𝐶4 × 𝑚( × 𝑔	

Where 
§ 𝐹(𝑡)% = 𝑓𝑜𝑟𝑐𝑒	𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑	𝑓𝑜𝑟	𝑡𝑟𝑎𝑐𝑡𝑖𝑜𝑛	𝑜𝑓	𝑣𝑒ℎ𝑖𝑐𝑙𝑒 
§ 𝑚( = 𝑚𝑎𝑠𝑠	𝑜𝑓	𝑣𝑒ℎ𝑖𝑐𝑙𝑒 
§ 𝑎(𝑡) = 𝑎𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛 

    Use   Repair  Service 
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§ 𝑣(𝑡) = 𝑠𝑝𝑒𝑒𝑑 
§ 𝐶/ = 𝑎𝑒𝑟𝑜𝑑𝑦𝑛𝑎𝑚𝑖𝑐𝑒	𝑑𝑟𝑎𝑔	𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 
§ 𝜌 = 𝑎𝑖𝑟	𝑑𝑒𝑛𝑠𝑖𝑡𝑦 
§ 𝐴 = 𝑓𝑟𝑜𝑛𝑡𝑎𝑙	𝑎𝑟𝑒𝑎 
§ 𝐶4 = 𝑟𝑜𝑙𝑙𝑖𝑛𝑔	𝑟𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒 
§ 𝑔 = 𝑎𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛	𝑑𝑢𝑒	𝑡𝑜	𝑔𝑟𝑎𝑣𝑖𝑡𝑦 

 
Step 2: multiply this value with the average efficiency of the entire powertrain, including the power 
electronics, internal charging and discharging efficiency of the battery and charger efficiency. 
 
Step 3:  Multiply the value with a factor 1.15 to take into account real-world driving instead of NEDC 
driving. 

 
Step 4:  Add energy consumption for auxiliaries. Standard default values are given in the eco-invent 
v3 database: 3 kW for heating, 0.6 kW for air-conditioning, and 0.5 kW for lights, radio, etc. Heating 
is assumed to be switched on for 4 months (2 kWh/100 km), cooling also for 4 months (0.4 
kWh/100km) and lights, radio etc, 33% of the time switched on (0.33 kWh/100km).  

Table 2: Procedure to estimate energy consumption of electric vehicles (Del Duce et al., 2016). 

When modeling energy consumption, all components of the vehicle needs to be analyzed and 
combined. Such a theoretical calculation of energy consumption is possible to make using the energy 
efficiency data for each subsystem and adding them together. When adding up the different 
components energy efficiency data, it is however very important to have knowledge on how these 
components interact and thereby limit their potential. To improve accuracy of the estimation, 
subsystems with related and interacting components can be judged together to facilitate the 
estimation. One system that needs attention is how regenerative braking and coasting is utilized in 
order to optimize energy consumption. In some cases, the level of regenerative braking can be 
customized by the user and in this case the most realistic mode need to be evaluated. 

The energy efficiency of an electric motor, fuel cell or internal combustion engine differs significantly 
and sometimes it is tempting to compare such figures to identify the total energy efficiency. 
However, comparing these technologies on component level is quite irrelevant unless subsystems 
are added. 

If a specific vehicle is under assessment, the detailed data of that vehicle should be used. 
Cooperation with vehicle manufacturers is essential in order to obtain relevant data and minimize 
uncertainties.  

Key guidelines 
- Real world driving (i.e. energy consumption monitored directly from vehicles driving on the 

road) need to be used as simulations are very unlikely to give an accurate number due to the 
variations in conditions during real driving. In order for real values to be representative, they 
need to be based on a large number of tests. 

- If real world figures cannot be obtained, then include a specific energy consumption with a 
1.15 correction factor to determine “real world” driving according to the procedure outlined 
above.  
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- Keep in mind that the procedure is merely an approximation of the energy consumption 
achieved by vehicles on the road driving by consumers, further tests are needed to 
determine the reliability of this approach.  

3.2. Auxiliaries and energy consumption 
If energy consumption can be measured from vehicles driving on the road, the energy consumption 
of auxiliaries is already included in this number. If auxiliaries need to be modeled, then the 
procedures provided above can be used (see Table 2 above). 

3.3. Effect of ambient temperature 
Extreme temperatures, both warm and cold, has significant impact on the energy consumption of the 
vehicle. The impact of cold climates, which is more relevant in the Swedish case, will depend on a 
number of factors such as preconditioning of the vehicle (heated while stationary), strategy for 
heating (using the battery or a liquid supplied heater), as well as the climate performance of the 
vehicle itself (insulation). 

In the so called RekkEVidde project (Laurikko et al, 2013), energy consumption was analyzed from 
real driving in Nordic conditions. The main conclusion from this project is that cold weather 
significantly reduces the range for electric vehicles. The RekkEVidde project also analyzed the impact 
from various road surfaces as snow and ice will impact the energy consumption. Results from this 
study are illustrated below. As an example, -20°C with the heater full on will reduce the vehicle range 
from 126 km to 43 km.  

 

Figure 3: The influence of ambient temperature and road surface on range; NEDC and Helsinki cycles RekkEVidde project 
(Laurikko et al, 2013). 

In order to include the variations in temperature and traffic conditions in the energy consumption 
data of electric vehicles, additional measurements are needed. The RekkEVidde project results 
indicate that a vehicle that is used at -20C will consume roughly 35% more energy compared to +23C 
in the NEDC cycle. In another study in the USA, it was estimated that cold weather can lead to an 
additional 47% in energy consumption (see Figure 4).  
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Figure 4: Additional energy consumption in powertrain due to ambient temperature including auxiliary use like heating 
(based on Yucksel and Michalek, 2015). 

In order to evaluate an example of the impact on energy consumption for Swedish conditions, daily 
average temperatures in Stockholm during 2016 was obtained from the Swedish Metrological 
Institute. In 2016 the average daily average temperature was 8.1°C. The temperature curve over the 
year as well as the days in different intervals are illustrated in Figure 5 and Table 3 below. 

 

Figure 5: Average daily temperatures in Stockholm during 2016. (Based on SMHI data)  
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Temperature Number of days per year in 
temperature bracket 

Energy consumption 

Less than -15 0  

-15 to -5 16 +38% 

-5 to 5  127 +24% 

5 to 15  126 +6% 

15-25 96 0% 

More than 25 0  

Average additional energy consumption due to ambient 
temperature: 

12% 

Table 3: Temperature, number of days and impact on energy consumption. (Energy consumption based on Yucksel and 
Michalek, 2015). 

Key guidelines 
- Ambient temperature and use of heaters will have significant impact on the energy 

consumption and range of the vehicle.  
- For the Swedish case the calculation for Stockholm can be used as a rough estimation. If the 

location of the fleet or car is known impact from temperature variations can be roughly 
estimated using historic weather data.  

- The best way would be to evaluate the impact from climate in conjunction with testing and 
evaluation of the cars climate performance during the development phase of the vehicle.  
 

3.4. Electricity generation and associated emissions 
Choices and reasoning with regards to the electricity generation and associated emissions will have 
big influence on the final results of the study since a large part of the energy consumption is related 
to the use of the vehicle. The electricity supply system is under fundamental change and if 
conclusions are drawn they need to be carefully communicated. Choices and reasoning with regards 
to the electricity generation and associated emissions will have big influence on the final results of 
the study since a large part of the energy consumption is related to the use of the vehicle. 
 
Assessment principles 
How to calculate emissions from electricity use depends on whether the LCA is attributional or 
consequential. An attributional assessment determines the impact of electricity use that has already 
occurred. In a consequential assessment, the consequences of changes in electricity use are 
determined (Ekvall et al., 2005; Finnveden, 2008). It is thus important to know the objective of the 
LCA; is it to assess the environmental impact of an existing product and its use in an existing system, 
or is it to determine the potential impact of the product in a future scenario? However, a study of 79 
electric-vehicle LCAs shows that all too often, the objective and/or the time frame are not mentioned 
(Nordelöf et al., 2014). Both the attributional and the consequential approach have shortcomings, 
which are discussed extensively in literature (Brandão et al., 2014; Dale and Kim, 2014; Plevin et al., 
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2014). In short, both should be treated with care when used as grounds for policy-making; in the 
attributional case because it is a time-stamped assessment, and in the consequential case because of 
the inherent uncertainty that comes with an assessment based on models, prognoses and 
assumptions of future conditions.  

 

There are five common principles for assessing emissions from electricity production and use 
(Dotzauer, 2010): 

The average electricity principle means using emissions from the studied system’s average electricity 
mix in assessments. This is relevant for bookkeeping purposes, when the electricity mix has been 
determined, i.e. in an attributional LCA.  

The marginal electricity principle should be applied in short-term consequence analyses, when the 
electricity use is not part of the current system but will occur in a future system, i.e. in a 
consequential LCA. A change in electricity use demands a change in electricity generation, which will 
affect the marginal production unit. As electricity production units are taken into operation in merit 
order, based on operating costs, the marginal production unit will either be the producing unit with 
the highest operational costs, or the unit to next be taken into operation. 

The principle of long-term development of the power system should be applied in long-term 
consequential LCAs. While the previous principle deals with the operating margin, this principle deals 
with the build margin. Depending on the future development of the electricity sector, different 
production units will constitute the margin. 

The principle of emission trading impact states that with the cap on greenhouse gas emissions in the 
European Union Emission Trading System (EU ETS), increased electricity use cannot lead to increased 
emissions. That would be true if the cap was effective. However, the EU ETS has so far not functioned 
as planned, with far too many emissions permits available. Emissions have been known to increase 
within the system (Agora Energiewende and Sandbag, 2018). This principle can thus not be 
considered useful.  

The principle of contracted delivery means that if the customer buys a certain kind of electricity, e.g., 
hydropower, then the emissions from that kind or mix should be used in assessments. Following that 
reasoning, all users without contracted delivery should calculate their emissions using the residual 
mix, for the whole production mix to be accounted for. This principle cannot be considered useful 
either. 

The Swedish electricity system 
The Swedish electricity production is based on hydro- and nuclear power, with smaller shares of 
biomass- or waste-fuelled combined heat and power (CHP) and wind power, and a small but steadily 
growing share of solar power. In 2016, the mix consisted of 40% hydropower, 40% nuclear power, 
10% wind power, 9% CHP and 1% solar power and condensing power (Swedish Energy Agency, 2017). 
There are small shares of fossil fuels in the system, mainly used in reserve power plants to cover peak 
loads on cold winter days. Thus, the Swedish electricity production mix has quite low greenhouse gas 
emissions.  
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To increase the share of renewable electricity production, electricity certificates are given to 
producers of renewable electricity. Electricity providers are required to buy electricity certificates, 
thus creating revenue for the renewable electricity producers. Electricity end-users can opt to 
purchase electricity from renewable sources, or green-labelled electricity. This contributes slightly to 
more renewable electricity production, as part of the cost of some labelled electricity is required to 
be invested in new renewable electricity production, but in general the electricity system is not 
altered because end-user choices. 

Sweden is part of the deregulated European electricity market, and Swedish electricity is traded on 
NordPool Spot where electricity is traded across borders. The Swedish electricity grid is connected to 
Norway, Finland, Denmark, Germany, Poland and Lithuania, and electricity is traded across all these 
borders and in both directions. On annual basis, Sweden is a net exporter of electricity (Swedish 
Energy Agency, 2017). At the time of writing, a relatively warm afternoon in October 2018, the net 
export is 3,5 GWh/h (Svenska Kraftnät, 2018a). On a cold winter day there can however be a net 
import. For example, during the peak load hour of the winter 2017/18, which took place one morning 
in February 2018, the net import was 1,1 GWh (Svenska Kraftnät, 2018b).  

As the Swedish grid through its connections with neighbouring countries is also connected to most of 
Europe, it may be argued that European electricity production data should be used in emission 
assessments. It could also be argued that Nordic electricity production ought to be considered, rather 
than the Swedish one, since there has been a period of trading between Nordic countries (Sweden, 
Norway, Finland and Denmark – Iceland is excluded as there is no grid connection). Currently, 
however, electricity is traded between several European countries.  

European electricity production technology varies vastly between countries. A common trend is that 
renewable energy sources (wind in particular) are increasing, in 2017 even overtaking coal, but some 
countries contribute very much while others hardly contribute at all (Kaivo-oja et al., 2016; Agora 
Energiewende and Sandbag, 2018). In fact, fossil electricity generation, particularly lignite and 
natural gas, also grew in 2017 (Agora Energiewende and Sandbag, 2018). 

A Finnish study of the Nordic electricity system shows that hydro- and nuclear power are not affected 
by changes in electricity use. Changes on the margin are met by export or import, which means that 
European marginal electricity production constitutes the Nordic margin (Olkkonen and Syri, 2016). 
For consequential assessments, this would mean that at times when Sweden has an electricity 
import, the European margin should be used in calculations, but that at other times, Swedish 
production constitutes the margin.  

One slightly radical way of looking at the sustainability impact of future changes in electricity use is to 
embrace the possibility of export of Swedish electricity production (see e.g. Henning and Trygg, 
2008). In this perspective, additional Swedish electricity export is considered beneficial as it is 
assumed to replace marginal electricity production in the importing country. When coal or natural 
gas constitutes the margin, import of Swedish electricity means that greenhouse gas emissions can 
be reduced. Thus, reduced electricity use in Sweden could lead to reduced greenhouse gas emissions 
in Europe. Following that line of thinking, an increased use of electricity in Sweden, due to the 
introduction of new electric vehicles, will lead to less electricity export and thus increased marginal 
electricity production using coal or natural gas. Then, the electric vehicles should bear the burden of 
this increased production, even if the electricity that they actually use has less greenhouse gas 
emissions. 
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Future development of the Swedish and European electricity systems 
IVA (2016a) has created future scenarios of Swedish electricity production, in order to identify 
system requirements related to increases in four different kinds of electricity production. For a major 
increase in wind and solar power, installed capacity must be very high in order to ensure enough 
available power at peak load occasions. This is however likely to lead to big power surpluses at other 
times, which puts a strain on the electricity grid. Transmission capacity would need to increase, and 
energy storage would be required for an efficient use of the system. A major increase in biomass-
fired thermal power would mainly depend on the availability and cost of feedstock. Biomass will likely 
be an important feedstock for several lines of business, so competition may be high. Investment in 
new nuclear power, with modern technology, would require that political decisions to commission 
new plants be made rather soon. This could pose a challenge, considering the previous decision to 
phase out nuclear power. Increase of hydropower is not possible given current legislation, which 
protects rivers and their ecosystems. IVA (2016a) estimates that costs for either of the scenarios are 
approximately equal, implying that the choice of future electricity system is not one of costs but of 
environmental, ethical and technological considerations. 

Total electricity use is steadily increasing in Europe (Agora Energiewende and Sandbag, 2018). In 
Sweden, total electricity use is fairly stable, but there has been a decrease since the maximum value 
in 2001 (Swedish Energy Agency, 2017). With increased electricity demand in new sectors, such as 
transport, it is however likely that total electricity use will increase (IVA, 2016b). Nuclear power 
plants are phased out in some countries, such as Sweden, adding to the need for more electricity 
production. Hydro power is already at maximum capacity in several countries. This means that while 
renewable electricity production is increasing, much is needed for it to fill the demand.  

With the intermittent nature of wind and solar power comes requirements that the system must be 
able to handle fluctuations in electricity production. Studies shows that an increase in European 
renewable electricity production (wind power in particular) is coupled with an increase in thermal 
generation using fossil fuels, as this is required for load balancing (Marques et al., 2018; Verdolini et 
al., 2018). In Sweden, the increase in wind power production with very low operational costs has led 
to periods of very low electricity price. This hampers operation of and investment in electricity 
production units with high capital costs, such as nuclear power (IVA, 2016). In turn this may lead to 
loss of electricity production that is not weather-dependent but can be planned, which puts 
additional strain to the system.  

During years with low hydro power production, due to low rainfall, European fossil electricity 
production increases (Agora Energiewende and Sandbag, 2018). Additionally, fossil fuels are actually 
subsidised, through capacity payments, to ensure the existence of backup production (Agora 
Energiewende and Sandbag, 2018). Although hard coal is being phased out, the use of lignite seems 
unaffected by European climate policy and the share of natural gas in the production mix is fairly 
high (Agora Energiewende and Sandbag, 2018). Thus, fossil fuels are likely to constitute the European 
margin in the foreseeable future, and they will also be part of the European average electricity mix. 
While there may be a distinct growth in renewable electricity production, this growth might not be 
able to completely replace fossil electricity production. In fact, a model of a Swedish 2045 renewable 
electricity system scenario shows that even then, there may be a need for import of fossil power 
from Germany and Poland in winter (IVA, 2016b). 
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Charging pattern 
Does it matter when the electric vehicles are charged? For an attributional LCA, in which an average 
electricity mix is assumed, a German study has found that the time of charging does not affect the 
value of average emissions much (Jochem et al., 2015). For a consequential LCA, the time of charging 
may however affect emissions, as different technologies might constitute the margin at different 
times. Matching demand to supply may have a very large effect. The German study found that the 
amount of renewable energy sources in the marginal mix was twice as high in a scenario where 
electric vehicle charging was controlled, enabling load-shifting, than it was in a scenario where 
charging was uncontrolled (Jochem et al., 2015).  In a Belgian study, greenhouse gas emissions were 
shown to be reduced by 12%, if off-peak charging was to be used (Van Mierlo et al., 2017). Although 
these two studies by no means are enough to comprehensively cover the subject of charging 
patterns, they do serve to suggest that in a consequential LCA, the charging pattern should be 
included. 

Comparisons with conventional technologies 
If comparing environmental impact from an electric vehicle with a conventionally fuelled vehicle, or 
any other kind, the same assessment principles and system boundaries must be applied to the 
compared vehicles. If future electricity production is assumed, then, for example, future petrol or 
diesel production should also be taken into account. However, changes in oil production are usually 
not considered in LCAs of alternative vehicles (Wallington et al., 2016). This section therefore 
provides a brief outlook regarding oil extraction and refining. 

According to the International Energy Agency (2017), the United States will supply 80% of the 
projected increase in oil production until 2025. It is assumed that the United States production of 
conventional oil will decrease somewhat until 2040, but that production of unconventional oil, 
primarily shale oil, will increase vastly, even at a low oil price (International Energy Agency, 2017). A 
study of projections of oil production can be interpreted to confirm a likely increase in 
unconventional oil: past projections have usually overestimated the production of conventional oil 
but underestimated the production of unconventional oil (Wachtmeister et al., 2018).   

Dale and Kim (2014) assume that rising oil prices may result in the use of coal to produce Fischer-
Tropsch diesel, which will then replace ‘conventional’ diesel. This would result in higher greenhouse 
gas emissions from diesel (Dale and Kim, 2014; Venkatesh et al., 2012). They also suggest that oil 
extraction in previously unexploited, remote areas, such as the Peruvian Amazon, will lead to 
deforestation that will increase indirect greenhouse gas emissions (Dale and Kim, 2014).  

The increased extraction of unconventional oil, such as from Canadian tar sands or ultra-deepwater, 
and extraction from reservoirs near depletion, are likely to be more energy intensive and thus more 
carbon intensive (Wallington et al., 2016). It seems that research has not been able to prove a 
correlation between production cost and greenhouse gas emissions, but it is clear that 
unconventional resources and techniques are both more carbon intensive and more expensive 
(Pieprzyk et al., 2013; Wallington et al., 2016).  

To summarize, the projected increase in oil demand will likely be covered, at least partly, by 
unconventional technologies for oil extraction and refining and possibly also for substitutes. It may 
thus be assumed that future petrol and diesel will have greater lifecycle CO2 emissions than current 
products.  



 
 

 22 
 

 
Key guidelines 

- Objective and time frame of the LCA will determine how to assess emissions from electricity 
production; using an average electricity production mix or the marginal electricity principle 
with respect to operating margin or build margin. Therefore, the objective and time frame 
should be stated clearly  

- An attributional LCA should use the average electricity principle, while a consequential LCA 
should use the marginal electricity principle. 

- The complexity of the electricity system demands that system boundaries be chosen and 
described carefully, thus ensuring that the LCA’s results can be interpreted and compared 
correctly. In the case of Swedish electric vehicles, arguments can be made for Swedish as 
well as European system boundaries. 

- If using the marginal electricity principle, charging pattern should be considered. 
- If the electric vehicle is compared to a conventional vehicle, the same principles should apply 

to all compared alternatives. If the marginal electricity principle is applied, a similar approach 
should be assumed for conventional fuels. 

3.5. Maintenance 
The maintenance phase of the vehicle is preferably modeled by analyzing the components of the 
vehicle using detailed data on life expectancy and service intervals. The environmental impact and 
inputs/outputs of the maintenance phase can be modeled using the data that was obtained for the 
production of the vehicle. Service intervals can normally be obtained from service documentation. 
When it comes to exchange of unplanned parts it is more complicated to obtain detailed data.  

For electric vehicles, the lifetime of battery is important, and an unplanned or extra exchange of 
batteries can have a significant impact. The maintenance phase shall normally include: 

● oils, other fluids and filters 
● Brake parts 
● Tires 
● Batteries 
● Any other parts changed during service intervals 

If exchange of batteries is included it is important to take into consideration the fact that the new 
battery that will be replaced will have a different environmental impact since battery development is 
fast moving. In Figure 6, the historic development of energy density for battery packs is illustrated. This 
graph clearly shows that development is moving fast implying that future batteries will have lower 
environmental impact compared to current ones.  
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Figure 6: Historic development of cost and energy density for battery packs (Bo Normark, PowerCircle 2017). 

3.6. Other emissions during the use phase 
There are many emissions related directly to the car besides the upstream emissions of electricity 
production. It is essential to know that they exist, though not often included in LCA studies primarily 
due to lack of reliable data. These emissions include particles from abrasion and wear and emissions 
from tires and brakes. The scarce research results show mixed results and therefore the advice is not 
to include these emissions in the LCA study for now.    
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4. End-of-life phase 
Uncertainty is high in end-of-life recovery rates and energy consumption. Due to a lack of data from 
the recycling rates achieved by the Swedish recyclers, standard end-of-life data provided in the LCA 
databases can be used in most cases. This will assume that: 

● Aluminum, copper and steel are 100% recycled. 
● Recovery of components as spare parts will not be credited to the end-of-life vehicle but are 

assumed to be fully allocated to the spare part. 
● Tires are transported on average 150 km and are partly used for energy recovery and partly 

for cement works.  
● 66kWh/ton energy consumption for shredding and separation of body shell.  
● Electric, electronic and magnetic components are not recovered. 

 
The estimated output quantities for end-of-life treatment of passenger cars can be found in Figure 7. 
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Figure 7: Material flows and processes in Swedish ELV recycling (Andersson et al., 2017). 

The above figure and numbers represent conventional passenger cars and may be used as an 
estimation. Battery recycling needs to be added to the above recycling impacts. The battery cells of 
electric vehicles are currently not recycled in Sweden but send to another European country for 
recycling. A combination of hydro- and pyrometallurgy is used for battery recycling. In a combined 
hydro- and pyrometallurgy treatment, up to 65 to 70% of the battery content can be recycled, and up 
to 92 to 93% recycling rate of certain elements such as copper. The recycling process is estimated to 
emit 15 kg CO2-eq /kWh battery for pyrometallurgical recycling treatment and -12 kg CO2-eq/kWh 
battery for hydrometallurgical recycling. Figure 8 shows the estimated input and output flows for 
lithium-ion battery recycling. 
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Figure 8: Example of process flow chart for lithium-ion battery recycling (Tagliaferry et al., 2016). 

In addition to the battery recycling process, assume 1000 km for the transport of battery cells from 
Sweden to the center of Europe.   

  



 
 

 27 
 

5. Impact categories and reporting 
Many LCA studies on electric vehicles focus mainly on greenhouse gas emissions. While global 
warming potential is an important impact category, electric vehicles also have other major impacts 
on other damages to the environment. The main impact categories discussed in earlier LCA studies 
are summarized in Table  below.    

 
Impact category 

Likely impact 
BEVs compared 
to ICEVs based 
on earlier LCA 
studies 

Important components Main references 

Climate Change Lower for BEVs 
than for ICEVs. 

EVs have a higher footprint 
during production (mainly 
battery production), but lower 
during the use phase leading in 
most cases to a net 
improvement (dependent on 
driver behavior and electricity 
source). 

Discussed in almost all 
LCA studies on electric 
vehicles 

(Stratospheric) 
ozone depletion 

Likely lower for 
BEVs. 

ICEVs: tailpipe emissions / 
gasoline production. 
BEVS: electricity production. 

Shi et al. (2016) 

Human toxicity Higher for 
BEVs10. 

ICEVs: gasoline production, 
coating process, non-exhaust 
emissions. 
BEVs: Battery production (toxic 
substances in coal and metal 
mining), power grid, non-
exhaust emissions. 

Bauer et al. (2015) 
Girardi et al. (2015) 
Hooftman et al. (2016) 
 

Photochemical 
ozone formation 

Lower for BEVs.  ICEVs: exhaust emissions, 
refinement of fuel. 
BEVS: electricity production 

Bauer et al. (2015) 
Shi et al. (2016) 
Hooftman et al., (2016) 

Acidification Inconclusive 
(depends on 
electricity 
source). 

ICEVs: gasoline production, 
coating process. 
BEVs: electricity production. 

Shi et al. (2016) 
Messagie et al. (2014) 
Bauer et al. (2015) 

Eutrophication Likely higher for 
EVs. 

ICEVs: tailpipe emissions, 
coating process. 
BEVs: Battery production. 

Shi et al. (2016) 
Girardi et al. (2015) 

                                                             
10 When including the geographical location of the emissions, in particular the electricity generation plants 
which are usually located outside cities, the impact on human health of electric vehicles can be much lower 
than conventional internal-combustion vehicles (see for example Hooftman et al., 2016).  
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Ecotoxicity 
(freshwater, 
marine, terrestrial) 

Likely higher for 
BEVS. 

ICEVs: gasoline production. 
BEVS: electricity production. 

Shi et al. (2016) 

Resource depletion Lower for BEVs. ICEVs: fuel consumption / 
production, chassis production.  
BEVs: energy consumption in 
both vehicle use and vehicle 
production, battery production.  

Tagliaferri et al. (2016) 
Messagie et al. (2014) 

Water consumption 
(part of resource 
depletion) 

Higher for BEVs 
(depending on 
electricity 
source). 

ICEVs: refining, petroleum 
production, distribution of fuel 
through pipelines, vehicle 
production.  
BEVs: electricity production, 
vehicle production (and related 
ore mining, transport, drilling, 
grinding, cooling, rinsing etc, 
chemical processes and 
assembly of vehicles). 

Harto et al. (2010) 
Kim et al. (2015) 
Noori et al. (2015) 

Particulate matter Inconclusive ICEVs: diesel consumption, non-
exhaust emissions, refinement 
of petrol. 
BEVs: non-exhaust emissions. 

Rangaraju et al. (2015) 
Hooftman et al. (2016) 

Table 4: main impact categories for determining environmental impact of electric vehicles. 

To present a comprehensive view on the environmental impact of electric vehicles, a wide variety of 
impact categories should be included. The ELCAR guidelines suggest including at least the following 
mid- and end-point impact categories: 

● climate change 
● (stratospheric) ozone depletion 
● Human toxicity 
● Respiratory inorganics 
● Ionizing radiation 
● (ground-level) photochemical ozone formation 
● Acidification (land and water) 
● Eutrophication (land and water) 
● Ecotoxicity 
● Land use 
● Resource depletion (metals, minerals, fossil, nuclear and renewable energy sources, water) 
● Noise 
● Human health endpoint / damage to human health 
● Natural environment endpoint / damage to ecosystem diversity 
● Natural resource endpoint / resource scarcity 
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In practice, data collection to calculate each of these impact categories can be time consuming. 
Nevertheless, we argue that only presenting greenhouse gas emissions does not give a full picture of 
the environmental impact of electric vehicles and these calculations will have to be supplemented 
with a wider variety of impact categories. We suggest including the following impact categories: 

● Climate change 
● Damage to human health (or human toxicity) 
● Resource scarcity / resource depletion 
● Acidification 
● Eutrophication 
● Ecotoxicity 
● Ozone formation 
● Water consumption 

 
When presenting the results of these damages to the environment, it is important to show the 
uncertainty in the data. Monte Carlo simulation can be used to show the sensitivity of the output to 
the uncertainty in the input data. This requires that for each input variable, the range and 
distribution of the values is inserted. If this type of data is not available, the LCA practitioner will have 
to assess which data is uncertain and perform a sensitivity analysis on these variables. The separate 
sensitivity analysis can then be used to discuss the range in which the environmental impact of 
electric vehicles will likely fall, rather than giving a single-point estimate.  

Concluding: 

- Include a wide variety of impact categories, not only climate change 
- Show the uncertainty in the data when discussing the environmental impact of various types 

of vehicles.  
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