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Abstract
Electric vehicles (EVs) have the potential to reduce green house 
gas emissions from the transport sector. However, the future 
market evolution of EVs strongly depends on several influenc-
ing factors such as battery and oil prices as well as their future 
evolution. The effect of these and other influencing factors as 
well as the resulting future market evolution are uncertain, yet 
policy makers need an empirical basis to take decisions im-
pacting the future market evolution. Here, we study the market 
evolution of EVs in Germany until 2020 and perform a model-
based assessment of influencing factors and different monetary 
policy measures. We use an agent-based model with a utility 
maximising decision function for several thousand individual 
private and commercial vehicle owners. 

Our results reveal a great deal of uncertainty in the market 
evolution of EVs due to external conditions and the users’ 
willingness-to-pay for this new technology. Energy prices 
have a large impact on EV market evolution as a 25 % in-
crease in fuel prices would double the number of EVs in stock 
by 2020 compared to a reference scenario. We find a special 
depreciation allowance for commercial vehicles and a subsidy 
of 1,000 Euro per vehicle to be the most effective and efficient 
monetary policy options. Furthermore, the high uncertainty 
of framework conditions and the EV market evolution im-
plies that policies to foster market diffusion of EVs should be 
dynamically adaptable to react to changing framework condi-
tions.

Introduction
The reduction of green house gases and the scarcity of conven-
tional energy resources in combination with a drastic increase 
of mobility demand are important challenges of the mobility 
sector in the 21st century. Electric vehicles (EV) in combina-
tion with renewable energies are one possible solution for these 
challenges (Kalhammer 2007, Arar 2010). However, a success-
ful market penetration of EVs depends on several technical fac-
tors like the advancement of battery technology, economical 
factors as the development of oil or electricity prices, organi-
zational factors like the availability of charging infrastructure 
as well as user behavioural factors like consumer acceptance 
of this new technology or individual driving behaviour. Thus, 
the future market evolution of EVs is highly uncertain. Still, 
policy makers and car manufacturers require market diffusion 
estimates and an analysis of policy options.

In Germany, EV have also been identified as essential meas-
ures for a sustainable transport system in the National Devel-
opment Plan electric mobility of Germany. Germany has set 
itself the goal to become the leading provider in international 
competition and leading market for electric vehicles in order 
to maintain its leadership in the automotive and supplier in-
dustries. As an intermediate goal, the federal government and 
the National Electric Mobility Platform pursue one million EV 
on German roads by 2020 and six million by 2030. Here, we 
analyse a selected number of policy measures integrated in the 
TCO calculation with regard to their effect on market penetra-
tion in Germany. The effect of potential support schemes, in-
dividually and in combination, were analysed, depending on 
the year of implementation, i.e. implementation in 2015 and 
then delayed from 2018. Furthermore, a qualitative assessment 
of the market diffusion of electric vehicles in Germany based 
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on growth rates of comparable technologies is presented to es-
timate the potential and realistic achievable goals of this new 
technology.

For the following considerations, EV are defined as passen-
ger cars and light commercial vehicles if they are fully or par-
tially electrically driven and have an on-board charger. These 
include pure battery-powered vehicles (BEV), plug-in hybrid 
electric vehicles (PHEV) and range-extender vehicles (REEV). 
All data, assumptions and scenarios are based Plötz et al. (2014) 
as well as Gnann et al (2014) if not indicated otherwise.

The diffusion of new technologies and EVs in particular has 
received considerable attention in the literature (see (Al-Alawi 
and Bradley 2013) for a recent review of EV market diffusion 
models). A general classification of market diffusion models 
was given by Geroski (2000). He describes two groups of mod-
els for market diffusion of innovations: population and probit 
models. Since probit models are one classification of consumer 
choice models, we will refer to consumer choice models for 
the second group. The latter also includes the frequently used 
agent-based models. 

Population models describe users or adopters not as indi-
viduals, but as groups. Population models assume for example 
that the rate of adoption is proportional to the number of adop-
ters and the remaining population that has not adopted a tech-
nology yet. This leads to the well-known logistic differential 
equation and can be interpreted via the spread of information 
about a technology (Geroski 2000). Population models offer a 
simple structure and interpretation. They are usually applied by 
calibrating the market diffusion curve to existing market data 
or by assuming hypothetical growth rates. This procedure is 
rather sensitive in early market phases when little data is avail-
able. Furthermore, the heterogeneity of the individual buying 
decisions and preferences of users, for example reflected in the 
willingness to pay more for new technologies of some users as 
well as the individual economics of the driving behaviour, can-
not be incorporated into these models.

The second group of market diffusion models, consumer 
choice and agent based models, studies adopters individually. 
These models are often applied when the purchase decision is 
more complex or the technologies to be adopted are rather ex-
pensive. For example, a simple probit model for EV adoption 
would calculate the average ownership cost difference between 
conventional and electric vehicles and estimate a EV market 
share based on this difference. As fuel and battery prices change 
over time, these cost differences change and with them the es-
timated EV market share. Thus, consumer choice models de-
velop market diffusion bottom-up and acknowledge that indi-
vidual users can be very different. This is particularly important 
to identify niche markets in early phases of market develop-
ment. However, these models face the problem that consumer 
statements about their preferences for EVs are often inaccurate. 
Given the current market shares of EVs, the vast majority of us-
ers has never experienced a EV and can hardly judge its utility.

Consumer choice and agent-based models were used to 
model EV market diffusion in (Eppstein al. 2011, Zhang et 
al. 2011, Shafiei et al. 2012) where the detailed modelling ap-
proaches range from determining user shares by stated pref-
erence experiments to agent-based models. Some models are 
based on driving behaviour of conventional vehicles (Eppstein 
et al. 2011). This would in principle allow to analyse user be-

haviour in more detail. However, the latter models use driving 
profiles of only one day which can cause severe inaccuracies 
on the individual level as a single day might not show the indi-
vidual’s typical driving as is crucial for EVs due to their limited 
range. In summary, agent-based models offer the possibility to 
include several aspects of great relevance for the market dif-
fusion of EVs in the current market development phase: indi-
vidual purchase preferences, individual driving behaviour (to 
account for the limited range of EVs and the vehicle kilometres 
travelled (VKT) related usage costs), the need for frequent re-
charging and infrastructure as well as the limited choice of EV 
brands and models. 

Methods and data

METHODS
We use a market diffusion model to simulate the market pen-
etration of electric vehicles (EVs) based on a broad data set 
of user behaviour and has been comprehensively described in 
Plötz et al. (2014). The model consists of two steps: (1) every 
vehicle is simulated individually as PHEV and BEV based on 
the existing charging infrastructure. (2) Based on the battery 
simulation, the best vehicle option is determined for each driv-
ing profile and in case of PEV they are added to the PEV stock. 
Figure 1 gives an overview of the model showing the main parts 
in three columns: the inclusion of user behaviour in the first 
column, the model steps in the second and the parameters nec-
essary in the third column. 

The battery simulation for every driving profile is as follows: 
The battery is discharged when the vehicle is driven according 
to the driving profile. After each trip we determine whether to 
charge or not and if yes, the vehicle is recharged until the next 
trip. The decision to charge depends on the location where the 
vehicle is parked which derives from the driving profiles and on 
the availability of infrastructure at this location: Vehicles that 
are privately used can always be recharged at domestic stops if 
charging infrastructure is available there. The same holds for 
stops at work if work charging is permitted in the charging sce-
nario. Commercial fleet vehicles can charge at their company 
or organisation as a pendant to domestic charging facilities. If 
vehicles stop at a public charging spot (stop is not a domestic, 
commercial or work location), the PEV-type and the charging 
spot necessity determine the possibility to recharge: If the bat-
tery state of charge (SOC) is below 50 %, i. e. in case the vehicle 
was charged completely before the last trip, the way back to the 
last charging facility would not be possible, and the charging 
spot density at the stopping point is high enough, a BEV will 
be charged. For a PHEV the SOC has to be lower than 50 %, 
the charging spot density must be high enough and the cost for 
driving in charge depleting mode must be lower than for driv-
ing in charge sustaining mode. Otherwise a PHEV could also 
use its internal combustion engine. The charging point density 
will be introduced and discussed in the first part of the results. 
With these decision rules, we can determine what shares of 
electricity every PEV would need at which location and include 
this in the buying decision. Also the ability of BEVs to per-
form the whole profile as well as the share of electric driving for 
PHEV are outputs of this step. Apart from the driving profiles 
as main input, we also need several vehicle parameters, such 



4. MOBILITY, TRANSPORT, SMART & SUSTAINABLE CITIES

 ECEEE SUMMER STUDY PROCEEDINGS 845     

4-198-15 PLÖTZ ET AL

as electricity or fuel consumptions, scenarios where charging 
is permitted as well as the initial charging infrastructure stock.

The second model step is the determination of the PEV 
stock. Since the buying decision of a vehicle is based on a va-
riety of factors, we determine the best vehicle option by utility 
maximisation:

The utility function includes the vehicle’s total cost of owner-
ship ( ), the cost for individual charging points ( ) 
as a hampering factor and the willingness to pay more (WTPM, 
wtpmim

) for an electric vehicle as a favouring factor symbolizing 
the enthusiasm for a new technology (Plötz et al. 2014, Gnann 
et al. 2014). Based on this equation the utility maximizing drive 
train is chosen. The limited number of makes and models of 
electric vehicles is another obstructing factor integrated in the 
PEV registration: Profiles with the highest use as electric vehi-
cles are registered to the PEV stock up to this limited amount 
of vehicles deriving from diffusion curves of PEVs (see sec-
tion 2.3.2 in (Plötz et al. 2014) for details). Commercial electric 
vehicles in the PEV stock that are older than their first regis-
tration horizon (=investment horizon) are replaced by private 
electric vehicles (second hand car market). The electric driving 
share deriving from the previous model step as well as the loca-
tion-specific energy consumption serve as input to the vehicle’s 
TCO. Vehicle-specific assumptions like the cost for operations 
and maintenance or vehicle tax are shown in Table 3.

Since driving varies noteworthy between drivers, we con-
sider driving profiles to be appropriate for the representation 
of individual driving behaviour. Here we differentiate between 
three different user groups: (1) Users of private vehicles: These 
vehicles are licensed to a private person and are used for private 
purposes. (2) Users of fleet vehicles: Those vehicles are licensed 
to a company and are only used for business purposes. (3) Us-

ers of company cars: The third group of vehicles is licensed to 
the company, but may be used commercially and privately by 
its driver. We will also distinguish between (a) four vehicle size 
classes according to typical cubic capacities in German car seg-
ments: small (cubic capacity 1,400 ccm), medium (1,400 ccm 
< cubic capacity 2,000 ccm), large (2,000 ccm < cubic capacity) 
and for fleet vehicles also light commercial vehicles (LCV, with 
a weight less than 3.5 tons) (b) and five propulsion technologies: 
internal combustion engine vehicles (ICEV) fuelled with gaso-
line (in the following referred to as Gasoline vehicles), ICEV 
fuelled with diesel (Diesel vehicles), plug-in hybrid electric ve-
hicles (PHEV), range-extended electric vehicles (REEV) and 
battery electric vehicles (BEV). This distinction is important as 
we use different driving profile data sets for the user groups. For 
private and company cars we use the German Mobility Panel 
(MOP 2010) which is an annual household travel survey. We 
chose this data set since it contains the trips of people in the 
household for one week instead of one day which is crucial for 
the determination of a realistic electric driving share. The same 
holds for fleet vehicles where our own collection of commer-
cial driving profiles (REM 2030 driving profiles (Fraunhofer 
ISI 2014)) is, to the best of our knowledge, the only data set of 
commercial driving profiles of more than one day observation 
period for Germany.

As MOP is a household travel survey which focuses on peo-
ple and their trips, we have to assign trips to vehicles if un-
ambiguously possible, e.g. when only one vehicle is available 
in the households but used by several household members 
(see Kley 2011 and Gnann et al. 2012). By using all data from 
1994 until 2010, we obtain 6,339 vehicle driving profiles with 
172,978 trips in total. 6,177 profiles belong to private vehicles 
and 162  to company cars. Besides the driving, the profiles 
contain socio-economic information of the driver (e. g. age, 
sex, occupation, household income, education) and the vehi-
cle (e. g. vehicle size, vehicle owner, garage availability). The 

Figure 1. Model overview.
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REM2030 driving profiles are collected via GPS-trackers which 
are sent to companies willing to let their vehicle trips be col-
lected for at least three weeks. There are 435 vehicles in the data 
set with 60,203 trips in total. 

Apart from the driving profiles, we use two data sets for the 
willingness to pay more (WTPM) for electric vehicles which we 
include as a favouring aspect representing the appreciation of 
users for a new technology (see Plötz et al. 2014 for a detailed 
description and discussion of the WTPM). Users are grouped 
according to Roger’s adoption groups innovators, early adopter, 
early and late majority (as one group here) and laggards (Rog-
ers 1962). The assignment of the WTPM to driving profiles is 
done via a cluster analysis of socio-demographic attributes. For 
commercial users the WTPM we assign is 7 % of a compara-
ble conventional car to vehicles of companies with more than 
50 employees based on (Dataforce 2011). As hampering effect 
we integrate the cost for every primary charging point of each 
vehicle to its TCO using the information about its usual over-
night parking spot. All other modelling steps are motivated and 
explained in more detail in Plötz et al. (2014)

DATA AND PARAMETER
The market diffusion of electric vehicles is influenced by both 
the framework conditions in general and the parameters de-
pending on the vehicles. All data and parameters are described 
in detail in Plötz et al. (2014) and Gnann et al. (2014). We only 
summarise the main assumptions here.

The framework conditions include the number of new car 
purchases divided into segments and user groups forming the 
general potential for electric cars. Vehicle dependent param-
eters such as purchase price or fuel consumption on the other 
side are the base for the TCO calculation for each segment 
and user group. Due to a relatively constant number of new 
registrations in the past five to seven years, this input factor is 
assumed constant at 3.1 million cars per year until 2020. The 
shares of different vehicle sizes within the new registrations are 
also assumed constant.

The TCO-gap between electric and conventional vehicles is 
significantly driven by the differences in purchase prices of the 
technologies. The purchase price of electric vehicles consists of 
two parts: a relative constant price for the chassis and drive train 
and a price for the battery system. The battery size determines 
the total purchase price and in combination with the depth of 
discharge (DoD) limits the range of the vehicle. Battery sizes 
are assumed to be 24 kWh (BEV), 16 kWh (REEV) and 10 kWh 
(PHEV) for medium size vehicles with a DoD of 90 % (BEV), 
80 % (REEV) and 75 % (PHEV)1. Fuel costs are the second most 
important component of the TCO. All values for fuel consump-
tions are based on Helms et al. (2011), where the major assump-
tion for future development of consumption is a decline in fuel 
consumption (diesel, gasoline) of at least 1.5 % per year to meet 
the 2009 announced EU emission targets. Compared to past ef-
ficiency developments, these assumptions seem moderate. Note 
that the values represent real consumption and not driving cy-

1. The expected near-future reduction of battery prices could lead to cheaper EVs 
if battery sizes are fixed or to EVs with langer ranges if battery sizes were increased. 
For the present work, all battery cost reductions go into EV cost reductions. 
Preliminary calculations with increasing battery sizes show no qualitative 
difference to the results presented below. 

cle values. We compared our assumptions to the 2014 EPA rat-
ings of actual vehicles (as compared to our prototype vehicle 
assumptions – see EPA (2014)) and find our assumptions for 
average vehicles to be consistent with actual BEV and PHEV on 
the market. Maintenance costs also differ among technologies.

Vehicle taxes are calculated based on the current German tax 
legislation with complete tax exemption for BEV owners. Vari-
ations of the tax legislation are considered within the frame-
work of different policy measures (see below). As mentioned 
before, we distinguish between three user groups from two data 
sets. In the EV simulation we assume that private and company 
cars can charge with 3.7 kW whenever they are at home, the 
trip purpose ”home trip” is used to decide about the parking 
spot of the vehicle. For fleet vehicles, we do not know the trip 
purposes but the GPS-location which we use to let the vehicles 
charge with 3.7 kW during the day when they are not further 
than 500 m away from their main company location. They can 
additionally charge overnight, assuming that the vehicle can be 
plugged in, no matter whether it is parked at a private house-
hold or at the company site.

As we know where private and company cars from our 
driving profile database are usually parked overnight, we dis-
tinguish between vehicles with and without garage. Users of 
vehicles that are parked in a garage are assumed to buy a wall-
box for charging, while non-garage-owners do have to pay for 
a simple public charging facility. For the latter, we choose the 
cheapest charging facility available – a charging point integrat-
ed into a lantern – and split up the investment and running cost 
between two users, assuming they could share one charging 
point. Investment and running cost for both solutions as well 
as investment horizons are given in Table 4. Since we do know 
the common charging facility overnight for just a few fleet us-
ers, we assume that fleet users buy a simple wallbox like private 
users with garages. 

For battery prices, as well as electricity and fuel prices, we 
define three scenarios, which are summarised below. The first 
scenario makes rather optimistic assumptions with regard to 
the market success of electric vehicles (pro-EV scenario); the 
second more pessimistic assumptions (contra-EV scenario) and 
the assumptions made in the third scenario for Germany up to 
2020 lie in-between these two (medium scenario). The battery 
prices for all three scenarios decrease exponentially from 
values up to 900 EUR/kWh in 2011 (pro-EV, medium, contra-
EV) to below one third in 2020 (all values without VAT). Prices 
for diesel and gasoline are based on the New Policy Scenario 
of the world energy outlook 2013 for the medium scenario 
with an additional increase of 20  % in the pro-EV scenario 
and a decrease of 20 % in the contra-EV scenario. Finally the 
electricity prices are equal in 2011 and change linearly until 
2020 with a slight increase in the medium and pro-EV scenario 
and a greater rise in the contra-EV scenario. We will use the 
medium scenario as reference case below.

POLICY MEASURES
In this study, a series of policy measures is considered. The fol-
lowing values of monetary policy actions are carried out on the 
market run-up in terms of their influence:

1. a special depreciation for commercial vehicles held from 
2015,
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2. a special depreciation for commercial vehicles held from 
2018,

3. a low-interest KfW loan for private electric vehicles from 
2015 (leading to a reduction of the interest rate from 5 % to 
4 % in the discounted cash flow calculation),

4. a low-interest KfW loan for private electric vehicles from 
2018,

5. a price subsidy for private and commercial electric vehicles 
from 2015,

6. a price subsidy for residential and commercial electric ve-
hicles from 2018,

7. a special depreciation commercial electric vehicles and a 
price subsidy for residential and commercial electric vehi-
cles from 2018,

8. a special depreciation commercial electric vehicles and a 
purchase price subsidy for residential and commercial elec-
tric vehicles from 2018 to reach the one million target in 
2020.

These measures are among the measures currently being dis-
cussed in German political forums. The evaluation of these 
measures is due to their monetary effect for the individual 
purchaser by means of integration into the TCO calculation. 
Other non-monetary or indirectly support measures were not 
considered.

Results

THE EFFECT OF POLICY MEASURES
The future market evolution of EV stock in Germany under 
the different scenario assumptions are shown with 10 %, 30 %, 
50 %, 70 % and 90 % confidence intervals in Figure 1 (Gnann 
et al. 2014 and Plötz et al. 2014). The EV stock in 2020 strongly 
depends on the external conditions such as oil, electricity and 
battery price. Although the changes in the scenario assump-

tions are minor, they lead to noteworthy differences in the 
potential stock evolution. Thus energy and battery prices have 
a major impact on the future market evolution of EV in Ger-
many.

We now take the medium scenario from Table 1 as reference 
scenario and analyse the effect of different policy measures on 
the EV stock in Germany in 2020. Figure 2 shows the results 
from model calculation for the policy measures explained 
above. 

It is clearly visible that all policy measures have a significant 
promoting effect on the market up of electric vehicles. You can 
identify three groups with similar results:

• The measures introduced in 2018 (No. 2, 4 and 6), consti-
tute the group with the lowest market up numbers (from 
700,000  to 800,000  electric vehicles). They increase the 
number of EV registrations only from 2018 onwards. Ac-
cording to our model calculations, the growth rates in the 
years 2018–2020 would rise to about 40 % per year.

• The group of measures active from 2015 onwards (No. 1, 
3 and 5) show a higher increase in EV sales and stock 
(850,000–970,000  electric vehicles). Although support as 
early as 2015 comes into force, the largest increases are ob-
tained in later years when EVs become attractive for more 
buyers.

• The third group is formed by the combined measures of spe-
cial depreciation and purchase price subsidy (No. 7 and 8), 
which fulfil the one million EV goal of the federal govern-
ment. The growth in registrations as from 2018 with over 
60 % per year is estimated as extreme and is discussed in 
the following section.

• The policy measures lead to no significant shifts between 
electric drive trains (BEV, PHEV, REEV) or vehicle sizes.

In addition to the effect of a policy measure the cost and effi-
ciency of a measure have to be taken into account. For this pur-
pose, the funding were calculated, which are spend for policy 
measures, as well as the deadweight effect arising from the fact 

Table 1. Scenarios and framework conditions.

(all prices including VAT)  Year Pro-EV Medium scenario Contra-EV 

Diesel price 2013  1,45  
[Euro/Litre] 2020 1,73 1,58 1,43 

Gasoline price 2013  1,57  
[Euro/Litre]  2020 1,79 1,65 1,54 

Electricity price private 2013  0,265  
[Euro/kWh]  2020 0,29 0,29 0,33 

Electricity price commercial  2013  0,20  
[Euro/kWh]  2020 0,215 0,215 0,25 

Battery price EVs 2013 470 520 575 

[Euro/kWh]  2020 300 335 370 
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that vehicles which would (without funding measure) bought 
in the base case, in addition receive this subsidy (windfall 
gains). Putting the promotion in relation to additional electric 
vehicles, we analyse the cost effectiveness of the policy measure. 
The required government aids have been calculated for every 
year and have been discounted to 2014 values with an assumed 
governmental interest rate of 2 % (a variation of this interest 
rate between 0 and 5 % led to quantitative but no qualitative 
differences). These values are shown in Table 2.

The comparison of the promotion of individual policy meas-
ures differs significantly from the increase of the number of EV. 
However, comparing the funding of the respective policy meas-
ures for each additional passenger car, so we can distinguish 
three other groups: A group with a funding to €1,000 per elec-
tric vehicle (purchase price subsidies No. 5 and 6), a group with 
funding of about €1,600 per additional EV (No. 1, 2, 7, and 8) 
and a group with significantly larger funding per additional 
electric vehicle of over €3,500 per additional electric vehicle 

(KfW loans No. 5 and 6). Furthermore, one has to note that not 
all user groups benefit equally from the policy measures. While 
special depreciation rules are beneficial for commercial holder, 
the low interest loan has been modelled exclusively for private 
users. The purchase price subsidy targets all user groups.

COMPARISON TO HISTORICAL TECHNOLOGY EVOLUTION
In the previous section the effect of various policy measures on 
the potential market diffusion of electric vehicles in Germany 
has been analysed. Different measures as well as the evolution 
of general framework conditions have an impact on the future 
EV stock in Germany. In this section, the growth rates corre-
sponding to the stock evolution are compared to the historical 
diffusion of comparable new technologies.

The market share of new technologies analysed over a time 
follows an s-shaped diffusion curve. In the early market phase 
after product implementation the increase in market share 
shows an exponential growth and slows down in the continu-
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reference scenario 
1) special depreciation 2015 
2) special depreciation 2018 

3) low interest loans 2015 
4) low interest loans 2018 

5) purchase subsidy 2015 (800€) 
6) purchase subsidy 2018 (500€) 

7) special depreciation and purchase subsidy 
8) special depreciation and purchase subsidy 

EV Stock 2020 million 

Figure 2. EV stock evolution in Germany in three scenarios.

Figure 3. EV stock 2020 in Germany under different policy measures.
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ing market phase to reach a plateau when the market is satu-
rated. For the early market phase the mean growth rates can 
be determined and allow us a projection for the later market 
phase. Therefore, the compound annual growth rate (CAGR), 
which is the average annual growth rate, will be analysed in the 
following:

where N(t) is the annual new registrations. Average growth 
rates of new technologies in the automotive sector can be com-
pared with the possible growth of new registrations of electric 
vehicles in Germany. In Table 3 historical growth rates of new 
technologies in the automotive sector are shown.

The average growth rates of new technologies in the automo-
tive market are in the range of 10–30 % per year. In short obser-
vation periods and for alternative drive trains partially higher 
growth rates are possible. However, the growth rates decrease 
over time (i.e. with increasing observation period) according to 
the s-shaped diffusion curve. The exact rate of growth in sense 
of CAGR(t, tʹ) depends on both the specific market develop-
ment as well as the selected starting and ending years t  and 
tʹ  of the observation period, as market shares do not develop 
completely continuous, but often show leaps or irregularities. 

Where ranges of growth rates are given in Table 3, they include 
the central 50 % of growth rates obtained by varying the initial 
and final year. The growth rates for hybrid cars in Germany, 
natural gas car in Italy and electric vehicles in Norway in Ta-
ble 4.

As electric vehicles in series-production became commer-
cially available in the years 2012/2013, the 8 years to 2020 are a 
relevant period of observation for the analysis of the develop-
ment of new car registrations of electric vehicles. Table 3 shows 
that in the field of drive train technology growth rates of more 
than 50 % of the new car registration per year are feasible for a 
short observation period of 6–12 years. The comparison with 
the diffusion of new technologies in the energy sector shows 
similar growth rates (see Table 4). The average growth rates 
of new technologies in the energy sector are in the range of 
10–30 % per year as also observable in the automotive sector. 
Within short observation periods higher growth rates are pos-
sible here as well.

Generally speaking, the determination of average growth 
rates is subjected to considerable uncertainty, mainly due to the 
discontinuous development of markets and fluctuating condi-
tions. In particular, the observed growth rates decrease with 
the length of the observation period and the size of the market 
share of the technology.

Table 2. Results and cost of policy measures.

Table 3. Historical growth rates in the automotive sector.

Scenario  Stock EV 2020 government aid  
[Mio. €] 

windfall gain 
[Mio. €] 

government aid 
per EV [€] 

windfall gain 

reference scenario  520,000 – – – – 

1) special depreciation 2015*  850,000 529 195 1,600 37 % 

2) special depreciation 2018*  750,000 383 143 1,670 37 % 

3) low interest loan 2015  970,000 1,610 936 3,580 58 % 

4) low interest loan 2018  790,000 1,047 608 3,880 58 % 

5) purchase subsidy from 2015 (€800)  900,000 391 245 1,030 63 % 

6) purchase subsidy from 2018 (€500)  710,000 196 137 1,030 70 % 

7) special depreciation 2018 plus 
incentives from 2018 (€500)  

1,120,000 961 267 1,600 28 % 

8) special depreciation 2018 plus 
incentives from 2018 (€275)  

1,000,000 749 227 1,560 30 % 

	  

CAGR(𝑡𝑡, 𝑡𝑡′)   =    [𝑁𝑁(𝑡𝑡′)/𝑁𝑁(𝑡𝑡)]!/(!!!!)  –   1 

Technology (Country Code) historical CAGR period of record (years) Source 

Diesel (DE)  9 % p.a. 20 Hacker et al. (2011)  

Natural gas (DE)  19 % p.a. 15 Hacker et al. (2011) 

Hybrid (DE)  25–40 % p.a. 8 Own calculation 

Natural gas (IT)  30–85 % p.a. 12 Own calculation 

Battery electric (NO)  80–100 % p.a. 6 Own calculation 

automatic transmission (USA)  15 % p.a. 20 Hacker et al. (2011) 

front wheel drive (US)  17 % p.a. 20 Hacker et al. (2011) 
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Based on the previously observed new registrations of elec-
tric vehicles in Germany it is possible to predict future scenar-
ios for the stock evolution of EV in Germany with assumed 
growth rates for new registrations. Therefore the new registra-
tions of EV between January and October 2014 were projected 
for the whole year 2014 (12,412 electric vehicles) and a constant 
growth of new registrations until 2020 has been assumed.

The EV stock is derived from the accumulation of new reg-
istrations additionally the 12,156 electric vehicles that were 
in stock on 1.1.2014. The development of the electric vehicle 
stock for different assumed growth rates is presented in Fig-
ure 3. Here the electric vehicle stock at the end of the year is 
shown.

Figure 4 reveals that, starting from the current new registra-
tions in 2014, the new registrations from 2015 to 2020 need to 
grow about 80 % per year on average to marginally reach the 
goal of one million EV in Germany. With an average growth 
rate of 60 % per year for new registrations half a million electric 
vehicles in stock could be achieved by the end of 2020. In com-
parison to historical growth rates an average growth of over 
60 % per year appears to be rather ambitious. Since the time ho-
rizon until 2020 is a relatively short period of time and the new 
registrations of electric vehicles in recent years (2011–2014) in 
Germany have increased by 100 % per year, the goal of one mil-
lion electric vehicles appears ambitious but possible. However, 
the actual market development also depends on a number of 
other conditions, such as the precise development of crude oil, 
electricity and battery prices.

The influence of selected policy measures on the development 
of new registrations is illustrated in Figure 5. In recent years 
the new registrations displayed a growth of about 100 % per 
year, as described previously. In the reference scenario without 
policy measures a growth of about 40 % per year from 2014 
to 2020 can be expected. The suggested policy measures could 
lead to an increase of new registrations; associated with an 
approximate growth of 50 % per year as seen in the simulation. 
Regarding the entire period from 2011 to 2020 this would 
imply an increase of nearly 70 % per year for new registrations. 
However, it should be noted that only the start- and end value 
are considered and not the exact path of new registrations. The 
latter can lead to significant differences in stock development: 

The simulation reveals that the implementation of a special 
depreciation from 2015 until the end of 2020 could yield 
approximately 850,000  electric vehicles in stock, but with 
the implementation of a favourable low interest loan in 2015 
approximately 970,000 EV are possible in 2020.

Therefore, relatively high growth rates are possible until 
the end of 2020. The implementation of well selected policy 
measures could create an significant positive influence on the 
average annual growth rate, although other (economic) frame 
conditions and the exact path of new registrations play a role 
in the development of the electric car population in Germany.

Discussion
We use a market diffusion model for EV which simulates the 
purchase decisions of potential EV users to analyse the effect of 
different policy measures on EV market evolution. A detailed 
discussion of the development and background of model can 
be found in Plötz et al. (2013 and 2014). Here, we focused 
on the medium scenario, yet the framework conditions have 
a decisive influence and their development is uncertain. This 
may lead to a lower or higher diffusion of EV under different 
policy measures than estimated here. Similarly, the integrated 
promoting and inhibiting factors have a relevant influence 
and their future development is difficult to estimate. Because 
of the uncertain framework conditions, any policy measure 
should be dynamically adaptable to be able to respond quickly 
to changes.

Furthermore, the selection of policy measures, which can be 
integrated without massive adjustment in the model, is limited 
to monetary measures since the decision to buy is mapped with 
a full cost accounting in the model. Thus, the impact of meas-
ures such as the expansion of public charging infrastructure or 
the possibility to use bus lanes or the effect of a special marking 
of electric vehicles and information-campaigns for electric mo-
bility have not been analysed here. Furthermore, the potential 
effect of future CO2 emission targets is not included.

The analysis of growth curves as presented here is also sub-
ject to a high degree of uncertainty. While the selection of an 
appropriate method of calculation depends on the technol-
ogy and its intended use, the calculation of an average annual 

Table 4. Historical growth rates in the energy sector (Lund 2006).

Technology (Country Code) historical CAGR periond of record (years) 

Biomass (FI)  15 % p.a. 33 

heat pump (AT)  8 % p.a. 30 

heat pump (SE)  11 % p.a. 29 

HF ballasts (SE)  45 % p.a. 15 

nuclear (global)  8 % p.a. 39 

nuclear (FR)  15 % p.a. 39 

photovoltaic (global)  22 % p.a. 28 

solar heating (AU)  15 % p.a. 29 

wind (global)  26 % p.a. 16 

wind (DE)  31 % p.a. 16 
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• Starting from the assumption that at least one of the ex-
amined funding instruments (low interest loans for pri-
vate electric vehicles, special depreciation for commercial 
electric vehicles and a purchase price subsidy for all users) 
is introduced in 2015, the gaol of one million EV can be 
achieved. 

• The comparison of the market growth rates under the policy 
measures to historical growth rates of similar technologies 
in the automotive and energy sector, the potential future 
growth rates seem ambitious but possible.
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Figure 5. New registrations and growth rates of electric vehicles for selected policy measures in Germany.
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Annex A – Assumptions for vehicle attributes

Table 5. Technical and economical assumptions for vehicle attributes (all prices without VAT), taken from Plötz et al. (2014).

 
 




