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Overview and core statements

When looking at the key issues along the entire battery 
value chain, it becomes clear that there are no insur-
mountable obstacles to the continued widespread 
market diffusion of battery-electric cars. However, 
there are still several technical, economic, environmen-
tal, regulatory and social challenges to address in the 
coming years. These challenges can be overcome, pro-
vided there is the political will to do so. The most 
important findings are summarized below and discus­
sed in greater detail in the sections on the individual 
questions. 

Note: This policy brief was published under the same 
title in 2020, but its content has been completely 
revised, and new aspects have been added. It reflects 
the state of research as of February 2025. 

01
How are electric mobility and the demand for  
batteries developing worldwide and in Germany?

Globally, the demand for electric cars has risen sharply over the 
last few years and currently accounts for just under 20 percent 
of new registrations, with a growth trend in many markets. This 
trend is being driven by China in particular, the world’s larg-
est car market, but figures are continuing to rise in the US and 
Europe as well. According to international studies, the global 
share of new electric vehicles could grow from just under 
20 percent today to 40 percent by 2030 and more than 50  per-
cent by 2035. Compliance with ambitious climate targets is one 
of the main drivers. Until 2023, the number of new registrations 
also climbed steadily in Germany and was even higher than the 
global market development. However, the numbers dropped 
in 2024 for various reasons, such as the abrupt withdrawal of 
purchase subsidies and high electricity prices, especially as far 
as battery-electric cars are concerned. It remains to be seen 

whether this is only a temporary effect and whether factors 
such as the EU fleet limits and falling prices for electric cars will 
reverse it. The global development of electric cars is still driv-
ing the demand for battery capacities upwards. Demand will 
increase by a factor of 4 to 6 by 2030 compared to 2023 and by 
a factor of 7 to 11 by 2035. When looking at the total battery 
capacity demand, road traffic applications will dominate the 
market with around 85 to 90 percent in 2030. 
 More information on page 15

02
Are electric cars economical?

Without subsidies, electric cars are still more expensive to buy 
than conventional vehicles. However, purchasing costs have 
recently decreased significantly due to falling battery prices and 
growing international competition. Supported by the EU’s fleet-
wide CO2 emission targets to be achieved in 2025, this trend is 
likely to continue in Germany as manufacturers want to sell their 
vehicles. Within the next few years, the purchase prices for 
many electric vehicles are expected to even out at a similar level 
to comparable gasoline or diesel models. Due to their lower run-
ning costs, electric vehicles already perform better than conven-
tional ones in terms of total costs in some cases, although there 
are currently still uncertainties regarding their resale value. This 
positive economic trend will continue. For example, controlled 
and bidirectional charging will have a significantly positive 
impact on the economic efficiency of electric cars in the future 
(see questions 09 and 11). 

The advantages in terms of total costs should be clearly commu-
nicated to customers, who often focus on acquisition costs when 
making purchasing decisions. Government funding policies 
should therefore focus more on reducing the purchasing price.
 More information on page 17

Overview and core statements

There is widespread agreement in politics and industry that  
battery-electric cars will play a major role in the future. 
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03
Do electric cars have a better environmental  
footprint than conventional cars?

Electric cars purchased in Germany today have a clearly pos-
itive greenhouse gas balance compared to conventional cars 
when looking at their entire lifetime from manufacturing 
and use to disposal (40 to 50 percent emission reduction for 
a mid-range car and average mileage). The higher emissions 
when manufacturing the electric vehicles are more than offset 
during their use phase. Battery production focused on energy- 
efficient and renewable energy sources, more renewable elec-
tricity when charging, controlled charging (see question 11) and 
a closed resource cycle (see question 10) have the potential 
to further improve the climate and environmental footprint of 
electric vehicles. However, as with every other form of motor-
ized private transport, using an electric car is also associated 
with significant environmental pollution, so transforming 
transport must also involve changes in our mobility behavior 
(including fewer and smaller vehicles and fewer car trips). Elec-
tric cars have negative environmental impacts including acidi-
fication, over-fertilization and the use of critical raw materials, 
although new types of battery and recycling (see questions 
04, 05 and 09) are having an effect on reducing the use of at 
least some critical raw materials or even avoiding them com-
pletely in some cases. Regulations should be set accordingly.  
 More information on page 17

04
How has battery performance improved?

Batteries will continue to evolve in the future in terms of materi-
als, battery cell designs, and pack designs at the vehicle level. For 
example, another major improvement in energy density of up to 
30 percent is expected by 2030. This will make batteries lighter 
and smaller or increase the range of a vehicle. This is backed 
by innovations such as nickel-rich, high-energy cathode mate-
rials, silicon anodes, and new cell and pack designs for better 
system integration. As well as optimizing space requirements, 
the latter will also optimize the thermal management and safety 
of battery systems (see question 13). These advances will also 
change the fast-charging options for batteries. Charging times 
of 10 to 20 minutes will be feasible with simultaneously long 
lifetimes of at least 15 years – important factors for improving 
user acceptance.
 More information on page 18

05
Do we have enough global resources?

Globally, there are sufficient quantities of critical raw materi-
als for batteries such as lithium, cobalt, nickel, manganese and 
graphite, but temporary supply bottlenecks or price increases 
cannot be ruled out in the medium term. This is related to the 
dynamics of battery demand on the one hand and, on the other 
hand, to the high market concentration and Germany’s and the 
EU’s import dependency due to low or no domestic production 
of these raw materials. The core challenges here are the financ-
ing required, the rapid implementation of mining projects and 
the acceptance of these projects in the home country, as the 
majority of the raw materials required will have to be supplied 
from primary sources. To mitigate this problem on the demand 
side, there are new lithium-ion battery chemistries (based on 
iron or manganese, or cobalt-free) and alternative technologies 
such as sodium-ion batteries. In addition, recycling in Europe 
can help supplement the supply of raw materials from mining. 
By expanding its own mining projects and processing facilities, 
and increasing recycling, Europe could cover a significant share 
of its growing demand for raw materials in the long term. How-
ever, dependency on raw material imports cannot be complete-
ly avoided.
 More information on page 20

06
What factors are important for competitive battery 
cell production?

Vehicle batteries now account for a significant proportion of the 
value creation in electric cars (about one-third in medium-sized 
cars). The international competitiveness of battery cell produc-
tion in Germany and Europe depends on different factors such as 
investments, operating costs, the technological expertise avail-
able, access to supply chains, and last but not least, the political 
framework and funding initiatives. The US and Asia are Europe’s 
main competitors. Although Europe is strong in basic research, 
it faces major challenges in terms of high energy prices, longer 
construction times, mainly due to bureaucratic obstacles, and 
less experience with scaled production. For instance, problems 
with ramp-up processes and lengthy approval procedures are 
currently hindering or delaying several European projects. Poli-
ticians have introduced several regulatory and supportive mea-
sures intended to cushion the high investments required and 
address issues such as research and development, and training 
skilled workers.
 More information on page 21

07
Are there supply shortages and risks along the 
value chain?

The declining sales figures for electric vehicles in Germany after 
2023 (see question 01) are not due to supply bottlenecks affect-
ing the vehicles. This is also clearly shown by the shorter average 
vehicle delivery time of four months. Nevertheless, the ramp-up 
in the production of electric cars poses a challenge for procur-
ing the traction batteries. Although battery cell production and 
its upstream supplier industry have sufficient capacity, the vast 
majority of the production facilities are in Asia. China, in partic-
ular, dominates large parts of the value chain. Geopolitical crises 
can have a major impact on the resilience of supply chains. 

European and American manufacturers are therefore backing 
multi-sourcing strategies that accompany the development of 
their own domestic production capacities. In the long term, the 
dependence on Asian battery cells is therefore likely to decline. 
However, the complexity of global supply chains for electric cars 
remains challenging.
 More information on page 23

08
What challenges does the labor market face?

Despite varying assessments of the employment effects in the 
automobile industry and its suppliers, the majority of studies 
reckon with a significant reduction in the number of jobs in 
this important branch of the economy in Germany. Battery cell 
production itself is highly automated, which is why positive job 
effects here are limited. However, if the upstream and down-
stream value chains are included in the analysis, for example, 
in electricity generation, charging infrastructure and digitaliza-
tion, the resulting employment effects are significant and could 
compensate negative effects within the automotive industry or 
even create jobs in newly emerging sectors. However, they are 
heavily dependent on whether and where German and Europe-
an companies will be able to position themselves competitively 
in the long term. 

It is important to set the system boundaries carefully and 
understand these when assessing such employment effects 
because the automotive industry and its suppliers are under-
going transformation. Completely new fields of activity and 
therefore jobs are emerging within the automotive industry, but 
also outside it. This structural transformation across industries 
and regions should be shaped to be as socially compatible as 

possible through active industrial and labor market policies in 
conjunction with natural age-related fluctuations. This requires 
the implementation of retraining and further training measures 
in and for companies. It is important to train and to retain skilled 
workers with battery-specific expertise because there is the risk 
of a growing shortage of highly trained battery experts in this 
future industry, who function as multipliers for upstream and 
downstream jobs.
 More information on page 24

09
What ranges can we expect, and how is the 
charging infrastructure developing? 

Today's top electric car models offer a range of at least 400 km, 
while some future models are aiming to exceed 1,000 km, 
thanks to advanced battery systems (see question 04). While 
battery technology allows for correspondingly longer ranges, 
the costs and environmental impacts associated with increas-
ing range (see questions 03 and 12) are arguments in favor of 
using smaller batteries. Since many drivers consider a range of 
400 km to be sufficient in practice, especially with ever faster 
charging times, the average increase in range is expected to be 
moderate.

The expansion of charging infrastructure and the increase in 
charging capacity are crucial for the use of smaller batteries. The 
charging infrastructure at home or at work is and will remain 
important for charging electric cars. Load management can 
help avoid additional costs in the power distribution grid and 
support the integration of renewable energies. The legal frame-
work is promoting the expansion of charging infrastructure in 
semi-public spaces, such as supermarkets, for users who do not 
have private parking. The public fast-charging network, which is 
important for long-distance journeys, is already well developed, 
but needs to be continuously expanded in line with demand as 
the number of electric vehicles increases. Bidirectional charging 
will be established in the future and will help to reduce charging 
costs (see question 11) and improve the overall economic effi-
ciency of electric cars. The existing statutory regulations should 
be further developed, and users’ awareness of this issue should 
be increased.
 More information on page 25
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What happens to the used batteries?

The Battery Regulation (Regulation (EU) 2023/1542) governs the 
collection and recycling of used batteries, particularly in view of 
the growing market for electric vehicles. Forecasts assume that 
sufficient recycling capacities will be available in the long term 
for end-of-life batteries and manufacturing waste. By 2035, up 
to 30 percent of the lithium, nickel, and cobalt required for bat-
tery cell production could be covered by recycled materials.

Battery recycling involves processes such as collection, dis-
charge, dismantling, mechanical processing, and high-tempera-
ture melting. These processes allow the recovery of valuable 
materials such as cobalt, nickel, and lithium. The profitability of 
battery recycling depends heavily on the chemical composition 
of the battery and the current market prices for the raw materi-
als. The residual value of current electric vehicle batteries at the 
end of their service life is generally estimated at 10–20 percent 
of the original price.

In addition to recycling, repair, refresh, and second-use con-
cepts are currently the main options for batteries that are still 
usable to extend their effective battery life and reduce their eco-
logical footprint. Studies suggest that a combination of second 
use and recycling can reduce the ecological footprint of batter-
ies by 35–80 percent.
 More information on page 26

11
Does it make sense to use car batteries as mobile 
storage devices?

Bidirectional charging (with energy feedback) for electric cars 
will offer advantages for both the power grid and their users 
in the future, provided the right conditions are created. This 
will integrate renewable energies better, reduce grid overloads, 
and lower overall system costs. In Germany, this can achieve 
considerable financial savings in the energy system. There is 
also a large saving potential for car users, depending on factors 
such as driving behavior, location, battery size, and availability 
of a photovoltaic system. Possible negative effects on battery 
aging are usually not a problem (anymore). The future spread of 
smart meters, bidirectionally chargeable vehicles and infrastruc-
ture, and dynamic electricity tariffs will increase the technical 

potential and economic attractiveness of electric cars. Home 
applications are easy to implement in regulatory terms. There 
are still bigger obstacles to grid applications, such as double 
financial burdens for charging and discharging, and a lack of 
compatibility between vehicles and charging infrastructure. A 
high degree of user acceptance is also essential.
 More information on page 26

12
What measures could improve the social  
and environmental effects along the global value 
chains of batteries?

Regardless of the drive technology involved, there are environ-
mental and social risks in global value chains associated with 
extracting raw materials and manufacturing technical compo-
nents (for example, toxic emissions or human rights violations), 
which are more severe the weaker the laws and state institu-
tions in the respective country. Legal stipulations regarding 
corporate due diligence create uniform conditions for greater 
transparency and improve the social and environmental con-
ditions along the value chains. Since boycotting regions with 
environmental and social risks often makes it worse for those 
affected, the focus should be on improving conditions through 
monitoring and support.
 More information on page 28

13
Do electric cars have a high fire risk?

The current state of knowledge is that electric cars do not catch 
fire more frequently than conventional cars. Some internation-
al studies even assume a significantly lower fire risk. The new 
battery types currently entering the market have a much lower 
fire risk than conventional LIB batteries (see question 02). Extin-
guishing fires in electric cars is more complex and takes longer, 
but there are now different options available to do so. Accord-
ing to current knowledge, parking electric cars in garages or on 
ferries does not lead to a significant increase in risk compared to 
the hazards that already exist.
 More information on page 29

14
Who wants an electric car and how stable is the 
interest in electric mobility?

Interest in electric cars among the German population remained 
stable between 2020 and 2024 despite the current drop in sales 
figures (see question 01). Around one-third of those questioned 
have a positive attitude toward this technology. The group of 
electric car users has become more diversified with a rising 
proportion of women, but electric cars are still most prevalent 
among people with higher levels of education and income. 
Important framework conditions such as purchase subsidies 
and charging infrastructure influence sales figures and social 
acceptance. In addition, positive media coverage has a favor-
able effect on attitudes, while inconsistencies in comparative 
assessments of drive technologies can reinforce uncertainties.
 More information on page 30
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Introduction 

In 2020, Fraunhofer ISI published the policy brief “Batteries for Electric Cars: 
Fact Check and Need for Action”, which has been widely cited.

Background

The topics have evolved over the past five years, which is why 
we decided to update the policy brief by revising individual 
topics and addressing new ones related to batteries for electric 
mobility.

Climate change is one of the biggest challenges facing humani-
ty. The new IPCC report [1] sounds a clear alarm: Human activi-
ties, mainly through the emissions of greenhouse gases, are the 
indisputable cause of global warming. As a result, the global 
surface temperature in the period 2011–2020 was 1.1°C above 
that of 1850–1900. Human-induced climate change is already 
responsible for many weather and climate extremes in all regions 
of the world. This has led to widespread adverse impacts and 
associated losses and damage to nature and people (see [1]). 

According to the International Energy Agency (IEA), the return 
to normal levels of passenger and freight transport after the 
coronavirus pandemic led to a three percent increase in trans-
port-related CO2 emissions in 2022 compared to the previous 
year. From 1990 to 2022, transport emissions increased at 
an average annual rate of 1.7 percent, faster than in all other 

end-use sectors except industry. To achieve the IEA’s net-zero 
emissions scenario by 2050, the CO2 emissions of the trans-
port sector must decrease by more than three percent per year 
by 2030. Achieving this reduction in emissions requires strict 
regulations, economic incentives and considerable investments 
in infrastructure to enable the operation of low-emission and 
zero-emission vehicles [2].

There is now widespread agreement in science and industry 
that electric cars are the most important drive technology of the 
future for reducing greenhouse gas emissions and that batteries 
are the key to this. There has already been a significant recent 
rise in their sales worldwide, which is set to continue based on 
current trends. Other fuels and drive technologies, such as syn-
thetic fuels in international aviation and shipping, will also play 
a role in the future. 

In spite of obvious global market success, many buyers in Ger-
many, as well as some segments of the public and the media, 
politicians, corporate decision-makers and experts are still ques-
tioning the sustainability, economic viability, practicality and 
technological maturity of battery technology and of electric 
mobility in general. At the same time, the market ramp-up of 

battery-electric cars is an integral part of the national and Europe-
an mobility transformation. It is also a key component in the rele-
vant recommendations of national and international studies (see, 
for example, [3], [4] and [115]), in policy goals, and in the transition 
to climate neutrality in many countries (see [4]). 

Against this backdrop, it is necessary to take another scientific and 
analytical look at the developments, potential and obstacles relat-
ing to the market ramp-up of battery-electric cars and to update 
the recommendations for action. These should serve the political 
goal of a ramp-up that is socially acceptable, makes environmen-
tal sense, and benefits the economy for Germany and Europe. In 
this context, the following questions take a scientific perspective 
when checking the facts for batteries for electric cars and electric 
mobility in general and identifying the areas of action required. 
This policy brief is aimed equally at policymakers, experts and the 
general public and summarizes the current state of knowledge and 
latest findings with a focus on “Batteries for electric cars”.

Approach and methodology

The fact check examines fourteen questions along the entire bat-
tery chain from raw material extraction, material/component man-
ufacturing, the production of battery cells, models and packs, their 
use in vehicles, to recycling from a German perspective. The rele-
vant studies and articles and some of Fraunhofer ISI’s own scientific 
analyses are compared and evaluated to answer these questions. 

Key statements

When looking at the main questions along the entire battery 
chain, it becomes clear that there are no longer any fundamental 
obstacles standing in the way of the continuing market diffusion 
of battery-electric cars, which are likely to make up the majori-
ty of new vehicle sales after 2030 if climate protection continues 

to advance. Many of the technical hurdles have been overcome 
in recent years, and rapid progress is being made in many areas. 
In Germany, however, there are still economic challenges such as 
cheaper internal combustion vehicles and insufficient government 
incentives. The German automotive industry is also currently facing 
fierce international competition. Electric vehicles are generally 
already significantly better than conventional internal combustion 
vehicles in terms of overall greenhouse gas emissions, but their 
environmental performance needs to be further improved, for 
example through appropriate regulation. There is still insufficient 
acceptance of electric vehicles, and further awareness-raising is 
needed. 
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The questions in more detail

01
How are electric mobility and the demand for  
batteries developing worldwide and in Germany?

Sales of electric cars – including purely battery-powered vehi-
cles (BEVs) and plug-in hybrids (PHEVs) – are currently continu-
ing to rise worldwide and could reach around 17 million in 2024 
[3]. This corresponds to more than one in five new cars sold 
worldwide. In 2024, the market share of electric cars could be 
as high as 45 percent in China, 25 percent in Europe, and more 
than 11 percent in the United States, boosted by competition 
between manufacturers, falling battery and vehicle prices, and 
continued political support (see [3]).

It is clear that this trend must continue if ambitious climate pro-
tection targets are to be met. Their global share could rise to 
40 percent of new vehicles by 2030 and more than 50 percent 
in 2035, driven in part by low-cost vehicles from China. Assum-
ing the goal of zero greenhouse gas emissions by 2050, the 
share could even grow to 90 percent in 2035 (see [5]). 

New registrations of electric vehicles in Germany also rose 
significantly to 30 percent by 2022 [6, 3]. However, numbers 
dropped again in 2024 (to 23 percent, mainly due to a decline in 
battery-only vehicles) [7]. The European market is also weaken-
ing, with a three percent decline in the market share of electric 
cars [8]. As a result, Europe, and Germany in particular, is losing 
some of its momentum. 

There are several reasons for this development in Germany: The 
purchase price subsidies expired at the end of 2023, compara-
tively high acquisition costs (significantly higher than prices in 
China), the rise in electricity prices due to the war in Ukraine 
(even though these have since fallen again), comparatively low 
gasoline and diesel prices, discussions about the lack of charging 
infrastructure (even though Germany is in a good position 
here by international standards), and weak overall economic 

development. Furthermore, the debate about synthetic fuels 
(which are produced from renewable electricity) and, in particu-
lar, the debate about technology openness may have unsettled 
market participants and led to a reluctance to buy electric. 

It remains to be seen whether there will be a reversal of this 
trend in the short term, partly due to the EU CO2 fleet limits that 
must be met by 2025 and the arrival of new, cheaper models [7]. 
Taking into account the current market development, it seems 
unlikely that the political target of 15 million electric vehicles on 
the road in Germany by 2030 will be reached [9], which could 
contribute to Germany missing its greenhouse gas reduction 
targets [10]. The current framework conditions in the EU, which 
include a ban on new fossil fuel-powered vehicles with inter-
nal combustion engines from 2035, and the various announce-
ments by international car manufacturers, some of which have 
ambitious sales targets for electric cars, paint a slightly positive 
picture. 

It should also be noted that German car manufacturers (OEMs) 
lost market shares in electric cars last year compared to their 
international competitors (see Figure 1). This sends a clear signal 
to one of Germany's most important industries.

Figure 2 calculates the battery capacity required for two sce-
narios involving the market diffusion of electric cars, which 
correlate with the above-mentioned market growth figures in 
electric cars.

There is a clear upward trend in the demand for battery capac-
ity, driven mainly by demand in China. Europe accounts for 
around 20 percent of global demand. According to forecasts, 
road transport applications could account for around 85 to 90 
percent of demand in 2030. This means that they are well above 
the forecast demand for stationary energy storage and other 
applications.

The questions in more detail

In the following sections, we provide more detailed answers to the four-
teen questions along the battery value chain by comparing and evaluating 
the relevant studies and articles, and some of our own scientific analyses. 
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Figure 1  Comparing the registrations of electric cars and the car market as a whole in 2023 (January–November) and 2024  

(January–November) for national markets and national car manufacturers (OEMs) based on their global sales in the previous year.  

Source: own analysis

Figure 2  Development of the demand for battery capacity by region and for two scenarios (figures from [3])

The questions in more detail

02
Are electric cars economical in Germany?

Looking at the total cost of ownership (TCO) of conventional 
and battery-electric vehicles (BEVs), similar costs are already 
being recorded for average mileage in the mid-range segment. 
The current higher purchase costs of BEVs are offset by their 
lower running costs. On the one hand, this is due to lower 
energy costs as a result of the more efficient drive system. On 
the other hand, maintenance and repair costs are also lower 
than those for internal combustion engines [11]. This is mainly 
due to the absence of motor and transmission components 
that are subject to wear and tear [12]. In comparison, tire wear 
costs are slightly higher for BEVs due to the vehicles’ greater 
weight, but this does not raise the overall costs above those of 
an internal combustion engine vehicle. Maintenance and repair 
costs are still relatively high due to the lack of experience and 
the limited number of workshops that service and repair elec-
tric vehicles [13]. Access to charging infrastructure also plays an 
important role in terms of economic efficiency. If this is avail-
able privately or at work, electric vehicles can be more eco-
nomical than comparable internal combustion engine vehicles 
after just three years [14]. In the future, the cost-effectiveness 
of electric vehicles compared to conventional combustion 
engine cars will improve even further, partly due to falling vehi-
cle prices, improved and cheaper vehicle batteries (see question 
04), and the use of controlled and bidirectional charging (see 
question 11).

However, the higher price of the vehicles is still proving to be an 
obstacle, as this is a decisive factor for many buyers, especial-
ly since they do not take the overall costs into account. When 
compared with equivalent diesel or gasoline-powered cars, 
electric vehicles are still more expensive in Germany and many 
other countries [15, 16, 17, 18, 19]. The higher purchase costs 
are due to the relatively high cost of the traction battery. How-
ever, following the expiry of the environmental bonus in Ger-
many at the end of 2023, many electric vehicle manufacturers 
are responding with price reductions as the share of electric 
vehicles among new registrations in Germany has since stag-
nated at a low level of 13 percent (see question 01). The price 
reductions observed are the result of battery overproduction 
in China, sharply falling cell prices, consumer reluctance on the 
German market, and the CO2 fleet limits for cars and light com-
mercial vehicles to be achieved in the EU by 2025. According to 
analyses by Bloomberg [20], prices for lithium iron phosphate 
(LFP) and nickel manganese cobalt (NMC) battery cells have 
fallen from USD 151/kWh at the beginning of 2023 to below 
USD 100/kWh and in some cases even to USD 75/kWh due 
to the easing of the raw materials situation. New battery tech-
nologies and production processes offer further potential for 
cost reductions (see questions 04 and 06). However, there are 

also risks associated with pricing, particularly in relation to raw 
materials, supply chains, and batteries (see questions 05, 06, 
and 07). Since private customers tend to base their purchasing 
decisions on the purchase price rather than total costs, the total 
cost advantages of electric cars need to be emphasized much 
more strongly. This should also be taken into account when 
designing incentive systems.

The CO2 fleet limits to be achieved in the EU by the end of 
2025 are an additional factor that could contribute to further 
price reductions for electric vehicles in 2025. According to a 
study by the ICCT [119], manufacturers must achieve an electric 
vehicle average share of 28 percent of all new registrations to 
avoid penalties. This means that the price parity between elec-
tric vehicles and internal combustion engine vehicles, which was 
predicted in earlier studies between 2025 and 2030 [120, 121, 
122, 123], seems achievable in the near future. 

In addition to the purchase price, range and access to (fast) 
charging infrastructure are important factors for many buyers 
when deciding what to purchase. While battery costs per kWh 
will continue to fall, the average battery capacity of electric 
vehicles has continued to increase in the past [21], enabling 
longer ranges and thus greater everyday usability and accep-
tance. However, there are indications that the trend toward ever 
greater battery capacities is declining (see question 09).

There are also indications that range improvements will tend to 
be achieved through efficiency improvements in the powertrain 
[12]. Fast charging after a long journey can also significantly 
increase the vehicle’s effective range.

Various institutions offer calculators to compare the cost-effec-
tiveness of different options (see [22], for example).

03
Do electric cars have a better environmental  
footprint than conventional cars? 

The chief driving force behind electric cars is the reduction of 
greenhouse gas emissions. Compared to conventional cars, 
manufacturing purely battery-powered vehicles is significantly 
more energy-intensive due to the production processes required 
for the battery. Depending on the energy source, the energy 
efficiency of production, and battery size, greenhouse gas emis-
sions are between 60 and 130 percent higher than for manufac-
turing gasoline or diesel vehicles. However, depending on the 
electricity used, BEVs cause fewer greenhouse gases during their 
use phase. Assuming the German electricity mix is used and that 
the energy transition goes as planned, i.e., among other things, 
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that the share of renewables continues to increase, a BEV pur-
chased today will have 40 to 50 percent lower greenhouse gas 
emissions over its lifetime in the overall balance of the manufac-
turing, use, and recycling phases than a comparable modern, 
conventional mid-range car with average mileage (see studies 
in [3, 23, 24, 25, 26, 27]. This will continue to improve in the 
future as the energy transition progresses. If predominantly or 
exclusively renewable electricity is used for charging – and in 
Germany, just under 50 percent of electric vehicle users currently 
have their own PV system, and a third of those have their own 
battery storage – the greenhouse gas balance is even more pos-
itive [26, 25]. 

Another factor is the time at which charging takes place. Low 
electricity prices and a high share of renewable electricity pro-
duction are usually positively correlated. Moreover, electric cars 
can be charged in a very controlled manner, as they are mostly 
stationary and often have a charging point available (see ques-
tions 09 and 11). In addition to charging with renewable ener-
gies, future efforts should focus on the potential for reducing 
greenhouse gas emissions in battery production [29], which 
includes new battery technologies (see question 04) and recy-
cling (see question 10). Reusing batteries for stationary appli-
cations, for example, to store energy from PV systems, can also 
significantly improve the greenhouse gas balance of electric 
vehicles (see also question 10).

However, the greenhouse gas balance can vary greatly from case 
to case. If a heavy, inefficient electric vehicle with a large battery 
capacity and low annual mileage is taken into account, which is 
usually only charged using the current German electricity mix, 
its greenhouse gas balance is hardly any better than that of a 
comparable conventional vehicle. 

In addition to greenhouse gas emissions, electric cars, like con-
ventional cars, have other environmental impacts that arise not 
only during use but also during raw material extraction, man-
ufacturing, and disposal. Raw material extraction and manu-
facturing have a significant impact on the overall environmen-
tal balance of electric cars. Therefore, when considering their 
entire life cycle, the electric cars currently purchased in Germany 
also have disadvantages in some areas of environmental protec-
tion compared to conventional cars. These include particulate 
matter emissions, acidification (emissions of acid-forming gases 
that pollute ecosystems on land and in water), and eutrophica-
tion (emissions of nutrients such as nitrate and phosphate that 
endanger ecosystems) [27]. With regard to particulate matter 
emissions, those caused by tire wear have recently come under 
particular scrutiny. There are developments here in tire technol-
ogy that can significantly reduce abrasion, driven in part by legal 
regulations. 

Since all forms of motorized private transport have a high envi-
ronmental impact compared to other modes of transport, in 

addition to alternative drive systems and fuels, mobility behavior 
must change, for example, through greater use of public trans-
port, and vehicle fleets and mileage must be reduced. Suitable 
approaches include incentive systems and innovative urban and 
infrastructure planning with a special focus on local public trans-
port [30].

04
How has battery performance improved?

The performance of batteries at the vehicle level is expressed, for 
example, by the range, fast-charging capability, service life, or 
performance at low temperatures. In the past, the automotive 
industry focused on range and thus on a high energy densi-
ty of batteries, which led to the introduction of battery mate-
rials with ever higher specific capacities. Today's electric cars 
are equipped with batteries of all formats (cylindrical, prismat-
ic, pouch) and all major cathode material classes (NCA, NMC, 
LFP). To achieve maximum energy densities, manufacturers are 
planning to use high-nickel NMC cathodes and silicon-carbon 
anodes. This should enable conventional cells to be increased to 
up to 350 Wh/kg or over 800 Wh/l [12] (for example, through 
pre-lithiation of anode materials). An ultimate increase in energy 
density would be conceivable with lithium metal anodes (over 
1,000 Wh/l or around 400 Wh/kg) [31]. 

However, this could require the use of solid-state electrolytes 
and thus technologies that are not yet commercially available. 
Solid-state batteries are currently being developed by a large 
number of industrial players. As of 2024, solid-state batteries 
can be produced in small series and are currently being tested 
by car manufacturers. Significant R&D efforts will likely continue 
to be necessary on the road to industrial-scale production. The 
high level of commitment shown by some key industrial and sci-
entific players suggests that the first solid-state batteries could 
be launched on a larger scale before 2030. This may initially 
take the form of so-called semi-solid concepts, i.e., batteries 
that are a kind of hybrid of today's liquid electrolyte-based and 
solid electrolyte-based cells.

The requirements of the high-energy cells and solid-state cells 
described above for the battery pack in the vehicle are relatively 
high in terms of temperature control, safety, and management, 
which is why losses of 30 to 40 percent in gravimetric energy 
density occur during the transition from the cell to the pack 
level [32]. This makes high-energy batteries relatively expensive, 
not only because of the valuable materials in the battery cells, 
but also because of the effort required to integrate them into 
the vehicle. Inexpensive, iron-based LFP cells have therefore 
established themselves as a second important pillar in battery 

Figure 4  Greenhouse gas emissions from battery electric cars compared to conventional cars (compact class) over the entire life cycle for Ger-
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technology. Although they have a lower energy density than 
nickel-rich cells, they are favorable in terms of safety and are 
highly robust, meaning they can be integrated into vehicles with 
significantly less effort. The intermediate level of the module is 
no longer necessary, and these are referred to as cell-to-pack 
batteries. The losses at the transition from cell to pack are only 
15 to 30 percent in terms of gravimetric energy density. This 
alternative battery cell variant is also being further developed. 
For instance, substituting iron with the less expensive manga-
nese promises to increase gravimetric energy density to more 
than 200 Wh/kg and volumetric energy density to more than 
500 Wh/l (comparison: LFP approx.>140 Wh/kg and >350 Wh/l).

An alternative approach to increasing the vehicle’s range through 
battery energy density is to develop very fast charging batteries. 
Typically, today’s vehicles can be recharged from 10 percent to 
80 percent in about 30 minutes. New fast-charging batteries 
promise to do this in only ten minutes [33, 34] and are likely to 
enter the vehicle market in the coming years. This should further 
increase the acceptance of electric cars. 

The changes described in battery chemistry affect their costs as 
well as performance. The example often given here is the reduc-
tion in the proportion of expensive cobalt in NMC batteries. 
LFP batteries are a technology whose costs, at least from the 
perspective of the materials required, are only dependent on 
the price of lithium. Since raw material prices, especially for bat-
tery materials, are subject to large fluctuations, it is unclear how 
these will develop in the coming years. After a phase of espe-
cially expensive raw materials in 2022, the prices in 2024 fell to 
a very low level. For example, lithium carbonate, an important 
battery material, costs only one-fifth of what it did in 2022. The 
main factors influencing price are the ratio of production capac-
ity to demand and market expectations for electric vehicles in 
the coming years. This applies not only to raw materials but 
also to battery production itself. In recent years and especial-
ly in China, large material and cell production capacities have 
been developed that are only partially demanded at present. 
These excess capacities are resulting in high price pressure. In 
2024, LFP batteries were available for just over 50 USD/kWh 
[35]. Prices could go up again if the ratio of supply and demand 
were to even out. At the same time, work is ongoing to con-
tinuously improve production processes, to make these more 
energy-efficient and faster, and to minimize production waste, 
which should continue to have a favorable effect on battery 
prices. 

In addition to the approaches described above to improve lith-
ium-based vehicle batteries, research is being carried out on 
other chemistries. These new battery technologies should be 
drop-in capable and are only likely to become widely accepted 
if they offer tangible advantages compared to the technologies 
mentioned above in terms of cost, performance and sustain-
ability. That there are indeed many promising alternatives to 

lithium-ion batteries is shown by the example of sodium-ion 
batteries, which are particularly suitable for smaller vehicles. 
Although these are only produced on a much smaller scale at 
present, they are commercially available and are being used in 
the first electric vehicles. They promise especially low prices and 
a low environmental footprint due to the substitution of lithi-
um with readily available sodium. Other battery technologies 
may play a role in the more distant future and supplement lith-
ium-ion batteries in both mobile and stationary applications, 
ensuring a greater variety of battery technologies [36].

05
Do we have enough global resources?

Which specific materials will be required depends on the cell 
chemistry of the lithium-ion battery (LIB), with large differences 
between the available cathode materials: (1) Materials contain-
ing nickel, cobalt and manganese (NMC), (2) Materials with a 
high nickel content but only low amounts of manganese and 
cobalt, and (3) Iron-based or manganese-based cathode mate-
rials (see question 04). The market is moving away from cath-
odes containing cobalt and toward materials with high nickel 
content as well as cathodes based on iron or manganese [37].

Figure 5 shows the material footprint for a standard LIB with 
80 kWh, differentiated according to cathode chemistry. This 
indicates that LIBs need 7-10 kg lithium and 56-84 kg graphite, 
while the use of cobalt, nickel and manganese varies greatly 
depending on the chemistry chosen. 

In principle, the raw materials needed are available worldwide. 
This was confirmed by various studies more than a decade ago 
[38, 39, 40, 41], and the basic assessment has not changed since 
then [42]. The practical availability of raw materials depends on 
timely investment and the geographic distribution of usable 
mineral deposits. This has geopolitical and local implications 
and requires strategic decisions based on economic, social and 
environmental aspects of the extraction and processing of the 
different materials [43] (see question 12). The EU currently clas-
sifies most of the raw materials needed for LIB as critical (Al, 
Co, Li, natural graphite, phosphate rock, Si, Mn) and/or strate-
gic (Al, Co, Li, Mn, Cu, Ni).

The rising demand for batteries in Europe, which is expected 
to reach between 1.5 and 2 TWh per year by 2035, is likely to 
lead to a substantial increase in the overall demand for key raw 
materials. Compared to 2025, battery production in Europe 
will need about five times more lithium and nickel and about 
six times more graphite and manganese per year [37, 44]. 
Together with the increase in European battery cell production 

compared to imports (Europe is likely to cover at least 50 per-
cent of its battery cell demand from domestic production by 
2030), this will require an environmentally compatible, ethical 
and competitive supply of raw materials for the EU. 

In view of the current global distribution of production and cur-
rently known mineral deposits, a large proportion of these raw 
materials will still have to be imported into the EU in the future, 
leading to various dependencies. The provisions of the Critical 
Raw Materials Act [24] aim at increasing the share of domestic 
procurement of critical and strategic raw materials, with both 
mining and recycling contributing to this. In the next few years, 
most of the raw materials will have to be procured from pri-
mary sources (especially from mining) due to the rapid growth 
in battery demand. There are considerable reserves of lithium, 
manganese and natural graphite available in Europe, but pri-
mary cobalt and nickel are scarce. Estimates of the potential 
for European self-sufficiency point to the progress made in 
establishing European value chains (mining and refinery facil-
ities), but the startup phase has to be extremely quick. The key 
challenges here are the financing needed and the acceptance 
of mining projects in the EU.

While cobalt and nickel imports will probably still be necessary 
to meet European demand, some lithium and most manganese 
can probably be sourced and refined domestically. Natural 
graphite will probably have to be sourced locally, but imported 
as well. Although the global diversification of mining and refin-
eries is expected to reduce the overall risks of dependency, the 
geographic concentration on specific regions will still be high in 
most cases, with China, in particular, continuing to play a major 
role beyond 2030 [25, 26, 22].

In principle, circular economy and recycling can help reduce 
dependencies and further improve sustainability within the 
battery ecosystem, thereby ensuring the availability of materi-
als beyond 2050 [45, 46, 47]. In practice, current estimates of 
the quantities of returned batteries strongly indicate that the 
number available for recycling (excluding production waste) or 
for second-life/repurposing will be low until the early 2030s, 
but will rise sharply by 2040 so that, in the long term, 10–30 
percent of Europe’s demand for lithium and nickel and up to 50 
percent of its demand for cobalt could be met by processing 
these used batteries [48, 49]. The rest (>50 percent) must come 
from primary sources inside and outside Europe.

Alternative battery technologies, e.g., sodium-ion batteries, 
need different raw materials and are much less dependent on 
critical and strategic raw materials. These are currently at the 
beginning of large-scale commercialization [36].

 

06
What factors are important for competitive battery 
cell production?

Various factors are decisive for competitive battery cell produc-
tion, including investment and operating costs, technical exper-
tise, strategic partnerships and political framework conditions. 
A fundamental aspect is the availability of capital and the speed 
with which factories can be constructed. Government subsidies 
can play an essential role here in accelerating the construction 
of new plants and cushioning the initial high investments in 
buildings, machinery, and infrastructure. Optimizing operating 
expenses is equally important. These are influenced by the costs 
for energy and labor, among other things. While low energy 
costs are crucial in production, the importance of skilled workers 
is increasingly being recognized as a key factor. Without enough 
specialized workers, efficient production cannot be guaranteed, 
which is why the location must be attractive in terms of the 
workers available and, of course, the wage costs.

Another important factor is creating reliable conditions along 
the supply chain. Access to essential raw materials (see ques-
tion 05) and components must be ensured, as bottlenecks or 
unreliable supply chains can jeopardize production and drive 
costs up. 

Additional competitive criteria are battery cell technology and 
design, including proprietary, exclusively usable designs not 
restricted by other manufacturers’ patents. Exclusively accessi-
ble technologies have the advantage that no license fees are 
incurred, and manufacturers can offer technologically leading 
products that exceed the usual market standard. Another ele-
ment is upstream technology, which is often developed in close 
cooperation with material manufacturers. This allows cell man-
ufacturers to own the rights to specific material developments 
and thus strengthen their position. If, on the other hand, only 
materials available on the global market are used, the technol-
ogy design often remains state of the art, which can quickly 
become outdated in a dynamic market. An independent R&D 
network in collaboration with international partners is therefore 
vital to be able to offer innovative, exclusive solutions.

In addition to design, mastering the manufacturing process is 
an important competitive factor, as otherwise high costs can 
be incurred due to production rejects. Efficient production pro-
cesses developed using specific know-how are often a unique 
selling point and crucial for product quality and cost efficiency. 
This knowledge can either be built up through internal exper-
tise or purchased from specialists. Work has to start now on 
the next generation beyond today’s cell and plant technology. 
Access to R&D partners from industry and research is therefore 
extremely important for the competitiveness of a location. 
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Both European and established Asian companies are building 
up production capacities for battery cells in Europe. Both groups 
share some competitive factors but are distinguished by others. 
For example, energy costs, import duties on components such 
as cathode materials, and government support mechanisms 
such as the EU’s Innovation Fund or the Temporary Crisis and 
Transition Framework often apply regardless of where a compa-
ny is from. As a location, Europe is currently competing with the 
US, in particular, and with countries that benefit from the Infla-
tion Reduction Act (IRA) due to free trade agreements with the 
US. This is equivalent to a subsidy on running costs and is com-
plemented in the US by investment grants. On the demand side 
as well, the development and competitiveness of the battery 
industry is influenced by political decisions, such as planning 
security with regard to the ramp-up of electric mobility and the 
phase-out of combustion engine vehicles. 

Compared to China as a production location for especially low-
cost battery cells, the costs for many upstream products and 
plant technology are currently significantly higher in Europe. 
This applies in particular to new European manufacturers. 
Although these are able to access the same technology using 
Asian suppliers, installation and commissioning times, as well 
as investment volumes per production capacity, are significantly 
longer and higher in Europe. This is only partially due to permit 
procedures, but also to the lack of experience of European com-
panies with building gigafactories and, when compared to the 
structure of Asian industry, a still very young network of suppli-
ers (process engineering, infrastructure) and cell manufacturers. 
For example, several European projects suffered from ramp-up 
problems in 2024 related to production processes, and thus to 
both process control and process technology. Asian companies 
are clearly at an advantage here because of their networks in 
their home countries. 

As far as the next generation of batteries is concerned (see 
question 04), Europe wins points as a location due to its strong 
research landscape. However, this concerns more basic and 
applied research. At present, important steps toward com-
mercializing emerging technologies are often being taken by 
start-ups outside Europe (for example, solid state batteries, sili-
con-anodes, see [12], [31]).

07
Are there supply shortages and risks along the 
value chain?

As already indicated by question 01, the demand for electric 
vehicles rose steadily until 2023. The drop in sales in 2024 in 
Europe, and especially in Germany, can be explained by the 
effects already described and was not due to any supply bottle-
necks for electric vehicles or their upstream components, such 
as batteries. This is underpinned by analyzing the delivery times 
for current electric vehicle models: These have become steadily 
shorter over the past few years and are currently 4.3 months 
on average in Germany. This puts them in the same range as 
conventional internal combustion cars [50].

Nevertheless, procuring traction batteries for electric cars, 
which account for about 30 to 40 percent of vehicle costs, is 
still a major strategic challenge, especially for European and 
North American OEMs. At present, cell production capacity 
exceeds the demand for cells so that average factory utiliza-
tion has decreased over the last few years and is not likely to 
exceed 60 percent in the future. While this may pose econom-
ic challenges, there are unlikely to be any structural capacity 
bottlenecks. There are also surplus capacities in the upstream 
stages of the value chain, such as materials production for bat-
tery components, especially anode active materials [12]. Howev-
er, the ramp-up in production capacities has led to a regional 
decoupling of battery production and demand. It is therefore 
not assumed that there will be supply bottlenecks in the future 
due to the lack of production capacities, but rather that there 
may be limited access to the battery supply chain. China has 
the largest market share in battery production, with more than 
70 percent, followed by Korea and Japan [51]. In addition, indi-
vidual enterprises in China hold very large market shares (for 
example, CATL or BYD). It is not only cell production itself that 
is mainly located in Asia, and especially in China, but also the 
corresponding suppliers of the raw materials for batteries [52]. 
In addition, the raw materials for the most important battery 
active materials, especially lithium, manganese, cobalt and 
graphite, are primarily processed in China [53]. Recent political 
events, such as the trade dispute between the US and China, 
but also the war in Ukraine with its related geopolitical impacts, 
are drawing attention to the potential consequences of one-sid-
ed dependency and underlining the relevance of resilient supply 
chains. 

The scope of action for European producers includes multi- 
sourcing strategies in addition to potentially setting up their 
own cell production and thus gaining direct access to the supply 
chain. Another advantage is their geographical proximity to 

Figure 5  Average raw material requirements of a lithium-ion battery (gross capacity: 80 kWh) for different clusters of battery chemistries,  

in kilograms, excluding the demand for electrolytes and binders. [own, averaged calculation according to Fraunhofer ISI eEV database]
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automobile manufacturers, as this makes contact, access and 
logistics much simpler. One consequence of this strategy has 
been the large number of new production facilities announced 
in Europe, especially in recent years.

Even when taking into account the medium-term dependency 
on imported battery cells from Asia, it is unlikely that there will 
be a shortage of batteries in Europe. In the future, this depen-
dency will be reduced more and more through European cell 
production. This is supported by regulations like the Critical Raw 
Materials Act (CRMA) and funding programs to develop Europe-
an cell production (IPCEI projects). Weakening market demand 
has brought about the cancellation of individual construction 
projects, but it can still be assumed that import dependency will 
be reduced in the long term. 

An upstream supply industry could be established in Europe with 
a slight time lag. The first sites have already been announced or 
are under construction. In addition to accessing cell production, 
manufacturers are increasingly trying to gain direct access to 
raw materials. There are a large number of publicly announced 
purchase agreements between vehicle manufacturers and var-
ious raw material producers [54]. This also helps to make the 
entire supply chain more robust and enables greater control 
over the costs of battery cells. However, completely decoupling 
Europe from global supply chains is not realistic given the quan-
tities of raw materials and components required.

Disrupted parts production at the start of the war in Ukraine 
and interrupted trade following the accident with the container 
ship Ever Given, which blocked the Suez Canal, demonstrate 
again and again the complexity of global supply chains and illus-
trate the planning difficulties involved.

08
What challenges does the labor market face?

Producing a battery-electric car is less complex and labor-inten-
sive than a conventional car due to the lower number of com-
ponents involved. According to a recent study, roughly one in 
four jobs in the automotive industry could be lost [Bertelsmann 
Foundation/Prognos for VDA]. The study states that the loss of 
190,000 jobs cannot be completely offset by age-dependent 
changes and retraining/further training measures. Many other 
studies also anticipate a significant reduction in employment. 
The results are determined by several factors: the assumed 
market ramp-up, global market structures and shares, geo-
graphical scope, the industries and supply chains examined, and 
the consideration of productivity effects. Accordingly, the stud-
ies’ findings must be interpreted based on these criteria. 

Particular attention must be paid to the underlying system 
boundaries, as the shift toward electric mobility not only affects 
jobs in vehicle manufacturing. For example, new jobs are created 
in the energy sector, charging infrastructure and digitalization 
that also have a significant effect [55], [56], [57], [58]. 

Cell production and battery system manufacturing are often 
cited as new job generators. However, the relevance of battery 
cell production does not result from directly generated jobs but 
rather from its role as an “enabler” of upstream value creation 
stages and the entire battery ecosystem. This has the effect of 
creating completely new value-added structures and the associ-
ated jobs in many areas (such as battery raw materials, battery 
components, charging infrastructure and control, second-life 
battery use, etc.). 

The extent to which German OEMs, battery producers and sup-
pliers are able to compete, especially against China, is of crucial 
importance. There is a limited market for electric vehicles and 
their components, so location factors are decisive for where jobs 
are created or lost. 

Human capital is an important location factor. Prior to 2010, there 
were only a few hundred qualified battery experts in Europe, but 
this figure has since increased to between 30,000 and 40,000, 
of which 15,000 have been trained in Germany alone. They are 
especially needed in research and development and production. 
In the whole of industry across the EU, around 40,000 to 60,000 
experts were needed in the past few years, and it is expected 
that this figure will rise to around 200,000 by 2030. There is a 
risk that only half of the jobs required can be filled.

When considering the entire value chain, including the integra-
tion of battery systems into electric cars and other applications, 
and indirect employment effects, up to 1.5 million jobs across 
the EU could be linked to the battery value chain by 2030. 
However, most of these jobs do not necessarily require highly 
qualified battery experts. There are also positions for workers in 
areas such as production, service, logistics and sales, who could 
be trained, retrained, or further trained by battery experts in a 
relatively short time. If a battery ecosystem can be successfully 
established in Europe, this could be linked to four to five million 
jobs in the long term. Domestic cell production is also very rele-
vant for machinery and equipment manufacturers, for example, 
to gain credentials on the global market [59]. 

A potential lack of experts and skilled workers is therefore crit-
ical in two respects: First, any direct shortage has the effect of 
reducing the attractiveness of the location and leads to lower 
productivity. Second, it weakens the above-described multiplier 
effect of training additional workers.

Overall, the electric mobility value chain can help to cushion 
the impacts of structural change and transformation in the 

automotive sector. However, for the domestic labor market to 
benefit, it is vital to establish these value creation chains in Ger-
many. At present, however, many projects are being delayed or 
even canceled due to declining domestic sales of electric vehicles 
(see question 01).

09
What ranges can we expect and how is charging 
infrastructure developing?

Two key aspects for potential buyers are the vehicle range and 
the availability of private and public charging infrastructure. 
However, surveys show that both are usually viewed much more 
positively after purchasing a vehicle than before [60]. Despite 
this, vehicle range and charging infrastructure are still relevant 
criteria for buyers. 

Today’s top models have at least 80 kWh of usable battery 
capacity and enable nominal ranges of at least 400 km [61]. 
The real range depends on individual driving behavior and is 
usually slightly lower. In the medium term, manufacturers 
have announced ranges of more than 1000 km, not least due 
to the use of solid-state batteries. Today’s medium vehicles 
(C-Segment) are usually equipped with 45 kWh to 75 kWh 
[62]. Recently, the spectrum has increased. Figure 6 shows the 
development of battery capacity per vehicle segment in recent 
years. Battery size is frequently being determined by the trade-
off between the cost of a larger battery with better cells and 
the resulting additional benefit in the form of extended range 
[63]. Technical limitations are becoming increasingly negligible. 

It can be assumed that battery size will continue to diversify in 
the future to reflect different purposes and that battery tech-
nology developments will open up additional options (see ques-
tion 04). There could be only moderate increases in the average 
battery size, especially because 95 percent of drivers consider a 
range of 300 to 400 km to be sufficient [64], and more atten-
tion is being paid to environmental aspects (see question 02). 
Well-developed charging infrastructure makes it possible to use 
smaller batteries and is an essential prerequisite for the success 
of electric vehicles, especially on the mass market [65, 66]. 

Most charging – 50 to 75 percent – is done at home [63]. About 
three-quarters of the drivers in Germany own a garage or a 
private parking space [60, 64, 65]. Approximately half of the 
current electric vehicle users in Germany also have a solar power 
system and benefit from low-cost charging [60, 66, 67]. The 
German Energy Industry Act (EnWG) includes the provision that 
grid operators are permitted to reduce the power of private 
charging points to a minimum of 4.2 kW in the event of grid 

overload. Users are compensated for this through reduced grid 
fees, regardless of whether such a reduction actually occurs. 
Financial support for private charging infrastructure is no longer 
necessary, but may be of interest in conjunction with manda-
tory participation in controlled charging. Controlled charging 
could ease the burden on the distribution grid, avoid high 
investments and increase the use of low-cost electricity from 
renewable energies [68, 69] (see also the comments in ques-
tion 11 on bidirectional charging).

Charging at work represents one option for users who cannot 
charge at home and can make longer commutes possible. Work-
place charging is also important for the direct use of solar-gen-
erated power [67]. This can also have an economic benefit, as 
commercial electricity prices are significantly lower than house-
hold prices in some cases [68].

Users currently have a positive perception of how public 
charging infrastructure is developing [60]. Charging at public 
points is usually possible without waiting; it is rare for all the 
charging points to be occupied. Public charging infrastructure 
can be a substitute for those who lack the possibility to charge 
at home. It can be expected that more users without private 
parking will have to rely on public charging points in the future. 
This is why Germany’s Electric Mobility Infrastructure in Build-
ings Act (GEIG) has set the framework conditions for expanding 
charging infrastructure in residential blocks and public build-
ings, such as supermarkets [69]. While legal requirements in 
semi-public spaces can be met using AC charging infrastruc-
ture, supermarket operators are increasingly turning to fast-
charging infrastructure that promises faster turnover and better 
economic efficiency [70, 71]. 

However, fast-charging infrastructure in Germany is mainly 
needed for long-distance trips. Economically viable operation is 
already possible at low surcharges and utilization rates of about 
two hours per day [70]. In Germany, there are currently about 
50 electric cars (BEV) for each of the approximately 30,000 
fast-charging points [72]. Even if several thousand fast-charging 
stations were added each year, it can be assumed that there 
will be more vehicles per charging point in the future [73, 74], 
also due to longer ranges [75]. The deployment of fast-charging 
infrastructure should therefore be market-driven to ensure cost 
efficiency and avoid creating surplus capacities. More than 80 
percent of the public charging infrastructure is already being 
operated by the private sector today [72]. 

As well as expanding the infrastructure network, there is a focus 
on increasing the charging power from 50 up to 350 kW to 
further shorten the time needed for charging, which is rough-
ly 30 minutes (from 10 to 80 percent) today. With increasing 
battery capacities and higher charging speeds, however, there 
will be a proportional decrease in the demand for fast-charging 
points, which should be taken into account when planning 
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further deployment. Public charging at low power will still be 
needed in the future for users without private parking options, 
as described above.

10
What happens to the used batteries?

How used batteries should be treated and how end-of-life 
batteries should be recycled are the subject of the so-called 
“Battery Directive” (Directive (EU) 2023/1542). This regulates 
important aspects such as collection points and processes, col-
lection rates, recycling efficiencies for individual materials such 
as cobalt, and the use of recycled materials. This directive aims 
to introduce better sustainability, recycling and safety require-
ments and improve the availability of raw materials in Europe. 
This is extremely important, especially in view of the market 
ramp-up of electric vehicles and the time-lagged return of used 
batteries resulting from this (10–15 years) [76], [77].

Battery recycling is also becoming more important in Europe 
with the ramp-up of the electric vehicle market (see question 01) 
[78]. Its growth will be driven by production rejects from giga-
factories up to the early 2030s and then mainly by used batter-
ies from electric cars. Pre-treatment processes include collecting 
the batteries, discharging and disassembling them, and initial 
processing steps. These involve either mechanical processing 
(crushing and shredding) to produce so-called “black mass” or 
high-temperature melting to produce metal alloys without com-
bustible elements. This mass contains the cathode and anode 
active materials that incorporate most of the valuable metals. 
Various separating processes are used on black mass (based on 
size, density and magnetism) to extract different materials. This 
black mass is subsequently refined using hydrometallurgical or 
polymetallurgical methods, which can recover valuable materi-
als such as cobalt, nickel and lithium [45]. Research is continuing 
on new direct recycling methods to reuse or regenerate battery 
components without breaking down their chemical structures. 
Based on the announcements made up to mid-2024, recycling 
capacities for LIBs in Europe could increase to 330 kilotons per 
year by 2026 [78]. However, by January 2025, it had become 
clear that these announcements would not be implemented to 
the extent cited or would be postponed. Nevertheless, in theory, 
there will be sufficient production capacities available for recy-
cling used batteries as well as production rejects in the future. 
By 2035, 30 percent of the demand for lithium, nickel and cobalt 
in battery cell production could be met using recycled materials. 
The economic viability of battery recycling depends mainly on 
the chemical composition of the batteries, which is determined 
by the prices and availability of primary materials, and there are 
large differences between batteries with relatively low material 

costs such as LFP and higher-priced ones with NMC/NCA chem-
istries [79, 80]. In addition to this, profitability depends heavily 
on the current stock market prices for raw materials, which have 
fluctuated greatly in recent years. The typical residual value of 
current end-of-life EV batteries is usually estimated at 10–20 
percent of the original price and will depend, in particular, on 
the value of the materials in the future [81].

Alongside recycling, there are also repair-and-refresh and 
second-use concepts for still usable batteries to extend their 
lifetime and therefore reduce their ecological footprint. This 
involves either treating and reusing entire modules or disman-
tling the modules and making new batteries from them. Station-
ary energy storage systems for private households, commercial 
and industrial companies, and the energy sector are the main 
fields of application. These types of application already exist, for 
example, in local combinations with solar or PV to provide pri-
mary balancing power to stabilize the grid ([82], to supply emer-
gency power, or to use battery-supported EV charging infra-
structure for load shifting and reduce the demand for mains 
power/energy [83]. However, second-use concepts are still the 
exception rather than the rule.

With regard to reducing CO2 emissions, studies assume that 
combining second-use and recycling can reduce the environ-
mental footprint of batteries by 35–80 percent [84, 85].

11
Does it make sense to use car batteries as mobile 
storage devices? 

The expansion of renewable energies means that power stor-
age is increasingly needed in the electricity system. In addition 
to their function as a mode of transport, electric cars can also 
be used as mobile energy storage devices, i.e., they are not 
only charged but also discharged. This so-called bidirectional 
charging is an attractive option, as cars are parked about 95 
percent of the time on average [67]. The stored energy can 
be used in various applications, for example, to supply electric 
appliances (vehicle-to-load, V2L), a house (vehicle-to-home, 
V2H), a commercial building (vehicle-to-building, V2B), or even 
to feed energy back into the grid (vehicle-to-grid, V2G). 

Various advantages for the electricity system as a whole result 
from using vehicle batteries as mobile storage devices. For exam-
ple, they can relieve pressure on the grid and postpone or avoid 
grid expansion, conserve back-up capacities from other power 
stations and enable the integration of more renewable energy. 
In addition to reducing greenhouse gas emissions, this can also 
reduce system costs. Bidirectional charging could already lower 

Figure 6  Average sales-weighted battery capacity in Europe from 2015 to 2022 shown by segment. The coloring indicates standard deviation. 

Own illustration, based on [44]

Figure 7  Roadmap of current and future ranges of electric vehicles and the energy density development of lithium-ion batteries [12],  

Note: WLTP stands for “Worldwide Harmonized Light-Duty Vehicles Test Procedure” and describes a test procedure to determine the fuel con-

sumption of vehicles.
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the total costs of the electricity system by between approxi-
mately 2.5 and up to 13 percent annually by 2040 [86, 87], 
depending on factors such as the diffusion of bidirectional vehi-
cles and infrastructure. 

Car owners can also benefit economically from using their elec-
tric cars as mobile storage devices. For instance, charging costs 
can be minimized and/or additional revenue generated. Accord-
ing to studies, around 300–730 EUR per year can be saved in 
a medium-sized household with a PV system when using the 
battery to power home applications (for example [86, 87]). Such 
savings are heavily dependent on factors such as vehicle use and 
charging location, the size of the vehicle battery and PV system, 
and whether additional price-optimized charging is possible. If 
power is additionally fed back into the grid and price differences 
on the wholesale market are exploited (arbitrage), revenues of 
more than 1,000 EUR per year and vehicle can be generated 
[87, 88]. These earnings are offset by the additional costs for 
bidirectional home charging points, which experts estimate to 
be around a maximum of 100 EUR more expensive than conven-
tional charging points in the long term [86].

Fears that using vehicle batteries as mobile storage devices 
would not be economical due to negative impacts on the bat-
tery’s lifetime have receded in recent years. Batteries now last 
significantly longer, usually longer than the typical warranties 
and even the cars themselves [89], and the first car manufactur-
ers are already offering longer warranties for the battery than 
those common for combustion engines. Furthermore, in many 
cases, smart charging control can have a positive effect on bat-
tery life [90, 86]. However, more practical experience needs 
to be gained with battery usage, such as the number of fast-
charging cycles or permanent charging and discharging. 

The framework conditions for using car batteries as mobile 
storage devices are improving in Germany. At present, bidirec-
tionally chargeable vehicles and infrastructure are not readily 
available. However, many car and charging station manufac-
turers have announced models for some or all of the applica-
tions mentioned, albeit with some restrictions on their usage 
as mobile storage devices [91]. It is important for the future 
that the industry standardizes its technical approaches so that 
different vehicle types and charging points are compatible. In 
addition, from 2025, it will be mandatory to install smart meters 
above a specific electricity consumption level, usually reached 
by a household with an electric car, or above a specific amount 
of power fed into the grid, which is also often reached by 
today’s more modern PV systems, and approximately 50 per-
cent of electric car owners already have their own PV system 
[92, 93]. Larger energy suppliers in Germany are also obliged 
to introduce dynamic tariffs from 2025, which can make using 
the car battery as a mobile storage device even more profitable. 
There are already several providers with dynamic prices on the 
market. There are hardly any regulatory obstacles to V2H and 

V2B, but some still need to be removed for V2G. For exam-
ple, it is important to reduce financial double burdens when 
charging and discharging, and the relevant standards should 
be harmonized to ensure compatibility between different vehi-
cles and charging points. User acceptance is also essential for 
widespread diffusion. Existing concerns must be addressed, for 
example, regarding possible range limitations or the disclosure 
of data, and attractive tariffs offered.

12
What measures can improve the social and  
environmental impacts in the value chain?

The following section discusses measures to improve the envi-
ronmental and social effects along the value chain of electric 
cars. Individual impacts are described that are, however, not 
suitable in this form for a comparison with other drive tech-
nologies, nor for an assessment of the overall environmental 
balance. These points are addressed in question 03. This section 
does not address the harmful environmental impacts of conven-
tional cars, such as the extraction and transportation of crude 
oil and accidents involving oil, all of which can cause significant 
damage to ecosystems, nor does it consider the social impacts 
of corruption or the destruction of the basis for food security in 
mining regions.

Raw material extraction and manufacturing are particularly rele-
vant for the negative environmental impacts of electric cars [94, 
95]. This is due, on the one hand, to the high demand for raw 
materials and how complex and costly these are to produce. On 
the other hand, the related impacts are enhanced by the often 
inadequate environmental, social and safety standards on site, 
or the lack of control and regulation mechanisms to enforce 
compliance with standards. 

In the following, we discuss current social and environmental 
impacts in the battery value chain, which could change in the 
future, especially due to changes in battery technology. The 
relevant raw materials for NMC batteries are cobalt, lithium, 
nickel, manganese and graphite, while LFP batteries do not con-
tain cobalt (and use iron instead). Electric cars also require the 
rare-earth elements neodymium, praseodymium and dysprosi-
um for the electric motor, as well as copper. 

Water shortages are the biggest concern when extracting 
lithium from salt lakes in Chile, Argentina and Bolivia, given 
the existing water scarcity here, although this requires more 
research. Closely connected with this issue are conflicts with 
local indigenous populations [96, 97]. 

60 percent of the world’s mined cobalt comes from the Dem-
ocratic Republic of the Congo, and 15 to 20 percent of this 
from artisanal small-scale mining [98], although this proportion 
fluctuates strongly each year, because small mines can react 
particularly quickly to changes in demand [99]. The lack of occu-
pational health and safety measures in artisanal mining results 
in direct contact with heavy metals (especially uranium) in the 
rocks, as well as fatal accidents. Children are employed full-
time for light work preparing the rocks to sell, but also for the 
most difficult and dangerous work. In addition, the expansion 
of large-scale cobalt mining projects has led to the forced relo-
cation of entire communities [100]. These deplorable conditions 
are weighed against the fact that artisanal small-scale mining 
enables those involved to earn a living wage [98]. 

Boycotting artisanal small-scale mining in the Congo does not 
improve the situation of those affected. Instead, conditions 
must be improved, and mining supported and monitored. To 
do so, in a long-standing collaboration, the German Federal 
Institute for Geosciences and Natural Resources (BGR) and the 
DRC Ministry of Mines have developed the Certified Trading 
Chains (CTC) certification scheme. In 2024, the first audits were 
conducted in small-scale cobalt mines [99, 101]. 

Strong state institutions in the mining countries are the most 
important factor for improving environmental and social stan-
dards. There is no simple solution to these problems, which 
are often linked to poverty and people’s way of life [102]. From 
the perspective of the countries and companies processing the 
raw materials, establishing mandatory corporate due diligence 
is the most promising approach to combating deplorable con-
ditions. These due diligence obligations require companies to 
identify, disclose and take measures to mitigate the social and 
environmental risks in their value chains. Legal requirements 
create a level playing field for all companies. In Germany, the 
Supply Chain Act on Corporate Due Diligence Obligations in 
Supply Chains applies across sectors for companies with more 
than 1,000 employees [103]. At the EU level, an agreement 
was reached on the European Corporate Sustainability Due 
Diligence Directive [104]. However, these legal developments 
are meeting with strong resistance from business associations, 
which see the complex and costly verification checks involved 
as putting them at a disadvantage compared to international 
competitors. Nevertheless, from the viewpoint of sustainability 
research, corporate due diligence obligations represent a key 
lever for improvement, as consumers do not have an overview 
of the complex supply chain structures involved and can only 
influence these to a very limited extent through their decisions 
[105].

13
Do electric cars have a high fire risk?

Current information does not indicate a higher fire risk when 
comparing the frequency of fires in electric cars with those in 
conventional ones [106, 107, 108]. There are even a number 
of recent studies that assume a significantly lower fire risk in 
battery-electric vehicles [109, 108, 110]. However, there is still 
a limited data basis for this and there may be distortions due to 
the discrepancy in the age of electric cars compared to conven-
tional ones [111].

When lithium-ion batteries catch fire, toxic gases, harmful com-
bustion products and residues are released in significant quan-
tities, as is the case with other fires. LIB fires can be triggered 
by mechanical damage, and internal and external events (e.g., 
exposure to flames or short circuits). If a LIB catches fire, ther-
mal runaway can occur, a chain reaction in which one cell after 
another burns out.

New battery types are currently lowering the risk of fire. For 
instance, the proportion of lithium-iron phosphate batteries 
(LFP batteries) has increased in recent years (see question 04). 
Their chemical composition and thermal stability mean they 
have a much lower fire risk than LIBs [112]. The currently emerg-
ing sodium-ion batteries also pose a lower fire risk. These devel-
opments could foster the acceptance of electric cars. 

If an electric car does catch fire, it is not possible to extinguish 
the individual cells directly, but the battery as a whole can be 
cooled with water to prevent thermal runaway. A larger fire 
can be extinguished by conventional fire engines using water 
or, alternatively, the vehicle can be left to burn out in a con-
trolled manner. It is very unlikely that emergency personnel will 
be exposed to electrical dangers from the high-voltage system 
in hybrid or electric vehicles due to their construction design 
(among other things, in the event of an accident, the high-volt-
age batteries are disconnected from the vehicle’s electrical 
system). 

One drawback is that significantly more water is needed to 
extinguish a burning electric car. Work is ongoing on solu-
tions to inject water directly into the battery via access points 
(so-called water mist lances). Putting a vehicle into a container 
filled with water is also possible, but this is not usually nec-
essary and is considered impractical. Work is also ongoing to 
develop an extremely heat-resistant fire blanket to prevent fire 
spreading to adjacent vehicles or objects. This is important in 
underground car parks, for example.

One problem with battery fires in electric cars can be the time 
lag that occurs between the actual accident and the fire. Even 
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if the initial fire has been extinguished by firefighters, for exam-
ple, a defective battery continues to pose a risk for much longer. 
This is why an electric car should be monitored after the fire has 
been extinguished to prevent the fire from breaking out again, 
and certain precautionary measures should be taken when 
removing the vehicle from the scene and storing it. There is an 
extensive set of rules for this [113].

At present, there are recurring debates and isolated cases 
regarding banning electric cars from multi-storey car parks or 
on ferries. Fires that have occurred so far and fire experiments 
with electric vehicles in enclosed infrastructures such as tunnels 
or garages do not indicate that the risk is significantly higher 
than the hazards that exist here anyway [114]. In a garage con-
structed in accordance with building regulations, parking and 
charging an electric vehicle using a certified charging system is 
not in conflict with the applicable building regulations law [114].

14
Who wants an electric car and how stable is the 
interest in electric mobility?

There is a direct correlation between the declining share of elec-
tric vehicles in new registrations in 2024 and the cancellation 
of the purchase subsidies for these vehicles (see question 01). 
This also raises questions about whether the German popula-
tion is interested in electric vehicles to the degree needed for 
a renewed increase in vehicle sales and whether there are dif-
ferent expectations or uncertainties when choosing a vehicle 
drive system.

Surveys show that a large proportion of the population is gen-
erally interested in electric cars. Between 2020 and 2024, survey 
results repeatedly show a positive attitude toward electric cars 
[115, 92, 116]. Around one-third of those questioned displayed 
a general interest in this technology during this period and were 
open to using it in the future [117]. In addition, about 10 percent 
of those surveyed said they wanted to purchase an electric car 
in the next few years [115, 117]. Therefore, it can be concluded 
that there is a consistent, general interest in electric cars among 
one-third of the German population. 

Electric cars are now being bought and driven by women more 
often than before, but they have not yet been adopted across 
all education and income groups. While the so-called “first 
adopters” in early studies were predominantly male (around 90 
percent in [93]), a more differentiated picture is now emerging 
(about 62 percent in [92], and 52 percent in [118]). Survey data 
also show that most electric car users are still more highly edu-
cated and have a higher income than the average population. 

The group of electric car owners is therefore becoming increas-
ingly similar to the general population, but those with lower 
incomes are still more likely to buy combustion engine cars. 

These results show how important the framework conditions 
are. Sales figures depend directly on whether the more than 40 
percent of the respondents who stated they want to buy and 
use electric cars in the future, or are interested in this, actually 
do so. The important aspect of acquisition costs (see question 
02) explains why, so far, mainly those with a higher income have 
purchased an electric car. This is backed by the positive rating 
given to a purchase subsidy for electric cars by the majority of 
respondents [117]. Another important framework condition, 
according to the respondents, is charging infrastructure. In 
general, empirical studies show that the availability of public 
and semi-public charging infrastructure, for example at peo-
ple’s workplaces, has a positive effect on social acceptance (see 
question 09). In addition, the visibility of charging infrastructure 
in people’s daily lives can lead to increased acceptance [116]. 
Deployment of such charging infrastructure is continuously sup-
ported by a majority of the population [117]. 

The media also influences how confident people are about their 
decisions concerning electric mobility and how clearly they per-
ceive the facts and political guidance regarding the available 
technologies. Frequent, mainly positive and consistent reporting 
on electric cars in German daily newspapers had on average a 
positive effect on readers’ attitudes toward them [115]. On the 
other hand, there were often inconsistent results in the media 
from direct comparisons of alternative drive technologies, such 
as electric cars and fuel cell cars [115]. It became clear in the 
2020 survey that, on average, respondents not only rated elec-
tric cars positively but fuel cell vehicles and e-fuels as well (syn-
thetic fuels produced using renewable electricity). Around half 
of those surveyed expected several alternatives to be successful 
in the future, even though, unlike electric cars, fuel cell vehicles 
and e-fuels are not yet widely available on the market. Incon-
sistent comparisons of technologies in the media can reinforce 
these uncertainties, which can stand in the way of continued 
public interest in electric mobility. These uncertainties could be 
reduced by more effective communication clearly stating that 
industry and politics expect a predominantly electric car fleet 
in the future.
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