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ABSTRACT 

Electric vehicles are expected to significantly reduce road transport emissions, given an 
increasingly renewable power generation. While technological issues are more and more 
being overcome, the economic viability and thus possible adoption is still constrained, mainly 
by higher prices than for conventional vehicles. However, first vehicles have been available 
on the market for some time now and many more are expected to arrive soon and at 
decreasing cost. 

In our work we analyze the possible market development for electric vehicles with an 
application to Germany. We develop a drivetrain choice model with economical, technical 
and social constraints on the current vehicle registrations and inventory. It estimates the 
demand for electric vehicles until 2030 for private and commercially registered cars as well 
as light commercial vehicles. 

The results show a replacement potential of more than one fourth of the total German 
annual mileage for these vehicles. The result has a high granularity to allow for detailed 
emission calculation along different spatial areas as well as vehicle and engine types. Besides 
a baseline forecast, our method allows for calculating different scenarios regarding policy 
actions or the future development of important parameters such as energy prices. The results 
provide insights for policy measures as well as for transport and environmental modeling. 
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INTRODUCTION 1 

While total greenhouse gas (GHG) emissions within the EU-27 could be reduced by more 2 
than 15% between 1990 and 2010, those from transport increased. With a share of 22%, road 3 
transport is the second biggest contributor of all sectors and the biggest in the transport 4 
sector (1). Technological progress in reducing fuel consumption of internal combustion 5 
engine (ICE) vehicles was not able to compensate for the ever increasing mobility demand 6 
until now. However, the European Union has committed to reducing its GHG emissions 7 
compared to 1990 levels by 20% by 2020 (1). 8 

Since it is expected that GHG emissions from road transport will continue to increase 9 
if no measures are undertaken, it is important to assess the potential for reduction of different 10 
powertrain technologies (2). A widely discussed solution is the introduction of electric 11 
drivetrains in cars and light commercial vehicles. Several European governments such as 12 
Germany, the UK and France are pursuing this strategy (3; 4; 5). 13 

Various studies have been conducted to predict future demand for such vehicles and 14 
to demonstrate potential GHG reductions (6; 7; 8; 9). However, the total emission reduction 15 
through EVs is dependent on the share of sources for energy production, which differs 16 
heavily within Europe (10). But besides the main motivation to reduce GHG emissions, EVs 17 
also provide a second advantage that is especially relevant for urban areas: the absence of 18 
local air pollutant emissions. 19 

While customers generally give positive feedback about EVs and their performance or 20 
usability, important issues remain such as high cost, limited choice of models, limited range 21 
of BEVs and uncertainty about charging possibility and speed (6; 7; 9; 11; 12). Some of these 22 
parameters already started to evolve and major changes can be expected in the future (like 23 
cost reductions and model availability), others are key targets of new policies. It is therefore 24 
crucial to assess the total reduction potential, taking into account the main determining 25 
parameters such as taxes, fuel prices or the availability of governmental subsidies because all 26 
of them heavily influence the demand of such vehicles. 27 

The research presented in this paper shows an approach for analyzing the German car 28 
market’s potential for electric vehicles. The aim is to develop a methodology that allows 29 
calculating the impact of different scenarios on the potential for EV sales, fleet size and 30 
emission reduction. The instrument can provide valuable insights for policy design by 31 
assessing the possible market size under different circumstances. This paper distinguishes 32 
two concepts of EVs: Plug-in Hybrid EVs (PHEVs) and Battery EVs (BEVs), as their driving 33 
patterns and costs will differ significantly. Serial and parallel PHEVs concepts are not 34 
differentiated. Moreover, different ownership approaches are considered to illustrate how 35 
they influence the market potential. Technical, socio-demographic and economic limitations 36 
are modelled to derive possible sales potentials for electric passenger cars. The analysis 37 
covers the timeframe until 2030. Note that calculations are done in kilometres (km), where  38 
1 km = 0.62 miles. 39 

 40 
METHOD 41 

Our model is based on a disaggregate processing of two National Travel Surveys. It combines 42 
information about current vehicle buying behavior of households and companies, available 43 
production volumes and current automobile sales per area with scenarios of technology 44 
development and customer behavior. The result is a geographic diffusion roadmap showing 45 
EV sales as well as fleet and mileage compositions for every German district in five-year 46 
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steps. With this information, the reduction potential for greenhouse gases and air pollutant 47 
emissions can be calculated based on the replaced conventional car mileage. FIGURE 1 48 
depicts the components of the model. 49 

 
FIGURE 1 Model Components 

 
The model simulates a respective buying situation in 2010 (to control for existing cars), 2015, 50 
2020, 2025 and 2030 where PHEV or battery-electric BEV technology only impacts the 51 
drivetrain, not the whole vehicle’s concept in itself. Vehicle purchasers in this model have a 52 
fixed preference for their current number, types and drivetrains of cars but are offered two 53 
alternative drivetrains (PHEV and BEV) within their desired segment. Our perspective on 54 
these alternatives can be best understood as extra features of the drivetrain, causing higher 55 
investment but lower cost per mile. The purchaser chooses an alternative if the net present 56 
value (NPV) of the investment is positive compared to its currently chosen conventional 57 
drivetrain. The NPV is calculated from the total annual cash flows  from period 0 (the date 58 
of the purchase) to period T (the last year of usage). It starts with the purchase price 59 
difference	 , contains the annual savings  and ends with the resale price difference	 : 60 

C C C ∗ 1 i C ∗ 1 i  

 is the initial investment needed for the “upgrade” from the current drivetrain to the PHEV 61 
or BEV. It is calculated from the engine price difference ∆ , the battery size , recharging 62 
equipment cost , a subsidy  and an “eco-factor”  allowing for some environmental 63 
attitude: 64 
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∆ ∗
/

	

We used battery price forecasts from the National Electromobility Development Plan (9) and 65 
variable battery sizes to reach a fixed defined range of 130 km (BEVs) and 30/40/50 km 66 
(small/medium/large PHEVs), respectively. The battery size is calculated for each period, 67 
depending on the assumed electrical energy consumption, which underlies a certain 68 
improvement over time. The prices for engine and recharging technology are used from [13]. 69 
The “eco-factor” is assumed to be 7%, based on willingness-to-pay estimates for green 70 
electricity (14). The subsidy is assumed to be zero, since the German government currently 71 
plans none. 72 

 includes not only fuel cost, but also depreciation, maintenance, taxes and all other 73 
cost (and revenue) factors being potentially different between the drivetrain options: 74 

∗ ∆ ∆  

with  being the annual mileage, ∆  the difference in cost per mile and ∆ the difference 75 
in annual cost. The parameter ∆  itself consists of two elements: 76 

∆ ∗ ∆ ∆  

where ∆  denotes the difference in maintenance expenses due to lower wear coefficients of 77 
electric drives (see [13] and [15] for explanation and actual values), ∆  the difference in fuel 78 
cost per mile and  the share of electric miles, which is 100% for BEVs but can be much 79 
lower in case of PHEVs with small batteries, depending itself on the annual mileage . 80 
Assuming a uniform car usage on  days per year, we define the following: 81 

max	
∗ ∗

; ′  

where  denotes the vehicle’s electric range and the cap ′ allows for an assumed minimum 82 
of combustion engine miles traveled anyway.  is the so-called charge factor controlling for 83 
range-enhancing fast charge. This charge factor is the average charging power, calculated by 84 
the share  of each of the  recharging technologies and its power throughput : 85 

∗  

In our baseline scenario we assume a growth for three-phase charging of two percentage 86 
points per year, starting at zero in 2010. With no DC fast-charging rollout being assumed,  87 
therefore grows linearly from 1.0 in 2010 to 1.8 in 2030. The fuel cost difference ∆  is the 88 
difference of the products of fuel consumption and price of the respective conventional fuel 89 
(index ) or electrical energy (index ): 90 

∆ ∗ ∗  

Future energy prices are taken from the rather conservative fuel price of the official German 91 
traffic forecast “VP2025” (16), which for 2030 states 1.71 € per liter (around 8.5 $ per gallon 92 
at 1 € = 1.30 $), including all taxes. Values for energy consumption of conventional and 93 
electric vehicles are provided by the established German forecast model TREMOD [17]. 94 

Annual fixed cost differences ∆  come from circulation (or other annual) taxes ∆  95 
and the savings/revenues from unidirectional and bidirectional vehicle-grid interaction, . 96 
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∆ ∆  

While the former are easily calculated from the current regulation (no circulation taxes for 97 
BEVs and PHEVs, conventional cars tax based on engine size/type and GHG emissions and 98 
fringe-benefit tax for mixed-use company cars), the latter must be assumed. For the baseline 99 
scenario, we use a value of €2 per kWh of battery size, growing linearly to €10 in 2030. 100 

In the case of leasing vehicles (which are not bought and resold by the user but paid 101 
for on a monthly base, partly depending on their actual mileage), ∆  also contains the 102 
leasing cost differences ∆ , which are calculated using the purchase price difference , the 103 
leasing factor  and the mileage billing parameters  and : 104 

∆ , ∆ ∆  

∆ ∗  

Based on own market research, we assume a leasing factor of 15.6% (monthly rates at 1.3% 105 
of the new car price) and mileage billing parameters of 20,000 and 900,000. 106 

The resale price difference for non-leased vehicles  is calculated by a depreciation 107 
model for the EV equipment with a first-year depreciation , a subsequent annual 108 
depreciation , a mileage depreciation  and a cap at ′: 109 

∗ 1 max ∗ 1 ∗ ; ′  

The first-year depreciation is assumed at 20%, followed by 5% for each subsequent year. The 110 
mileage-based depreciation is added on top and amounts to 4% per 10,000 km. The cap is set 111 
at 90% to account for the high material value of the new components (especially the battery). 112 
Note that the depreciation of the vehicle as a whole does not have to be calculated, the 113 
calculation relates only to the depreciation of the price difference between EVs and 114 
conventional cars. 115 

Since electric drivetrains have high upfront investments and low marginal travel 116 
cost (15), the model calculates the minimum annual mileage needed to reach a positive NPV 117 
for both PHEVs and BEVs compared to both gasoline and diesel conventional drivetrains. 118 
Car buyers exceeding these minimum mileages are then assumed to choose the most cost-119 
efficient option rationally. If PHEVs and BEVs are both competitive and their minimum 120 
annual mileages differ by less than 1,000 km, they randomly select one option. 121 

This rational choice is relaxed for customers with a defined “EV pioneer” profile. 122 
Such customers are assumed not to care about the financial impacts of their choice but 123 
instead their social and environmental position. Based on various fleet tests with EVs (where 124 
participants had to apply and pay a monthly lease) as well as on literature review, we define 125 
this profile as follows (4; 18): Living in two-person households in large cities or their 126 
surroundings, having a high economic status and the main user of the car is male and between 127 
30-60 years old. In case of company-owned vehicles, these companies are assumed to be 128 
located in large cities as well, have more than 1,000 employees and belong to certain business 129 
sectors (utilities, financial industry, real estate, services). While these “EV pioneers” are not 130 
numerous, they however explain well the (low, but already existing) demand for EVs in early 131 
periods where the cost is still very high. 132 

Besides the economic requirements, potential customers also have to satisfy the 133 
following conditions to be able to acquire electric drivetrains: 134 

 They must have bought a new car (i.e. no second-hand buyers). 135 
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 No reported trip was longer than the future electric range ∗  (only for BEVs). 136 
 Private customers must park the car for recharging in their own garage (or also 137 

somewhere else, depending on the infrastructure scenario). 138 
 If a private household consists of two or more people, a BEV cannot be the only 139 

car in the household. 140 
The results of the model have a resolution of two replaced drivetrains, four types of  141 

ownership (private, mixed-use company car, commercial fleet and LCV), ten vehicle 142 
categories and nine district types (from inner urban to remote rural). This resolution perfectly 143 
corresponds to the one of the current sales data per area to project the local sales volumes. 144 

To estimate the fleet size from these sales volumes, we use survival rates and mileage 145 
decline from TREMOD (17) and assume a transition to the private second-hand market after 146 
three years for company cars and after five years for commercial fleet cars. With the 147 
information about each vehicles annual mileage and the calculated electric part of it, we can 148 
finally derive the fleet’s total electric annual mileage, which replaces ICE mileage: 149 

∗
∀ ,

	 

where , 0 denotes a vehicle  that is replaced because the EV investment  is 150 
profitable. These replaced conventional miles are the key result for straightforward air 151 
pollution calculations. It is possible to separate these results by the replaced drivetrain to use 152 
engine-specific pollutant coefficients. 153 
 154 
DATA 155 

We assumed constant sales figures and vehicle category distributions based on the sales data 156 
of the German KBA (Kraftfahrtbundesamt, Federal Motor Transport Authority) as of 157 
01/01/2009. Since the 2009 sales data were subject to heavy changes from the scrapping 158 
premiums of the German stimulus package, the authors used the sales values of 2008 for 159 
modeling purposes. In total around 3.3 million cars and light duty vehicles were sold in 2008. 160 
Thereof 1.7M were registered on a company and around 1.4M were private registered 161 
vehicles. 162 

We analyzed four different ownership segments according to their different usages 163 
and financing models: (1) private cars, (2) commercial fleet cars, (3) user-chooser company 164 
cars and (4) light-duty commercial trucks.  165 

The data basis for the car fleet structure was derived from the two comprehensive 166 
studies MiD (“Mobiliät in Deutschland” 2008 (19)) for the private passenger cars and KiD 167 
(“Kraftfahrzeugverkehr in Deutschland” 2002 (20)) for company-owned cars. The key 168 
elements of these surveys are shown in TABLE 1.  169 
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TABLE 1 Characteristics of Datasets Used for Modeling 

 KiD MiD 
Type of survey National Travel survey National Travel survey 
Enquiry period 2001/2002 2008 
Object of investigation Vehicles Households 
Sample size ~77,000 vehicles ~26,000 households 
Day-trips ~119,000 ~193,000 
Focus Commercial transport Private transport 
Traffic modes investigated Individual motorized traffic Public and individual motorized and non-motorized traffic 

 
MiD 2008 is the current successor of the “Continuous Survey on Travel Behaviour” 170 
(KONTIV) carried out in the former West Germany in 1976, 1982 and 1989 by the Ministry 171 
for Transport and the following MiD 2002. The main task of MiD is to compile 172 
representative and reliable information on the social demography of individuals and 173 
households and on their daily travel behaviour (e.g. trips made according to purpose and 174 
means of transportation used) for an entire year. Once it has been weighted and expanded, the 175 
information serves as a framework for and supplement to other travel surveys, such as traffic 176 
surveys in individual cities, cross-sectional censuses of traffic loads and the mobility panel. 177 
MiD also provides up-to-date data on important variables that influence mobility (e.g. 178 
number of driver's licences) and will be the basis for transport models. The results of the 179 
study are not only important for transport planning, research and academic interest; they also 180 
provide quantitative background information for concrete political decision-making. 181 

KiD was conducted in 2001 and 2002 and put a focus on commercial vehicles that are 182 
registered by a company. By doing so, KiD 2002 is the first nationwide data available to 183 
access the characteristics and travel patterns of commercial motorized vehicles, including 184 
motorbikes, passenger cars as well as light commercial vehicles and heavy duty trucks. The 185 
questionnaire of KiD 2002, which mainly appears as a driver’s log, addresses the owner of a 186 
vehicle and records a one-day activity of the surveyed vessel, e.g. time of departure, 187 
destination and purpose of the trip. In addition to those data, detailed information from the 188 
KBA about every vehicle was added, e.g. kerb weight and fuel type. KiD 2002 comprises 189 
almost 77,000 vehicles and nearly 119,000 trips. That sample is representative of the whole 190 
German market in 2002. Thus KiD 2002 is a favorable source to analyze the market’s 191 
development towards electric mobility regarding commercial transport. For consistent 192 
modeling purposes, KiD 2002 data (readmissions and annual distance driven per vehicle) 193 
were recalculated to make sure that MiD and KiD are using the same starting point. 194 

The sales data per area is provided by the KBA and contains the exact 2008 sales 195 
volume for each vehicle category and drivetrain for each of the 442 German districts. The 196 
production volumes we used in the model to control for the car manufacturers’ ability to 197 
produce the demanded quantity by 2020 are the result of extensive online and offline 198 
research.  199 
 200 
RESULTS AND DISCUSSION 201 

In the following chapter the results of the model will be described and discussed according to 202 
topics of interest. An overview of selected calculation results can be found in TABLE 2.203 

TRB 2013 Annual Meeting Paper revised from original submittal.



Alexander KIHM, Stefan TROMMER and Markus MEHLIN 9 

TABLE 2 Selected Results 

Result Segment Technology Veh. size 2015 2020 2025 2030

Sales (baseline) 

CC BEV small  217  915  915   915 
medium  -  17,066  17,066   17,066 

large  2,999  10,429  10,429   11,037 
PHEV small  612  51,252  68,501   77,020 

medium  713  713  389,916   408,525 
large  319  29,993  197,503   212,447 

LCV BEV small  13  51  98   187 
medium  41  3,121  13,350   27,817 

large  108  9,960  21,210   29,303 
PHEV small  -  -  -   - 

medium  18  18  77   77 
large  22  22  1,643   1,728 

P BEV small  576  576  576   576 
medium  2,553  2,553  7,820   7,820 

large  3,537  3,537  3,537   3,537 
PHEV small  332  332  77,325   121,467 

medium  2,381  2,381  123,353   263,722 
large  -  -  26,725   109,413 

CF BEV small  22  104  104   104 
medium  -  -  14,527   21,940 

large  -  246  4,093   4,093 
PHEV small  163  163  52,547   75,186 

medium  -  -  -   76,294 
large  193  193  8,487   79,343 

Fleet size 
(baseline) 

all 
BEV

all
 31,521  189,578  527,214   967,627 

PHEV  14,057  272,621  3,190,682   8,701,557 

Fleet size 
(baseline) 

CC 

all

 11,639  266,709  1,701,337   2,144,063 
LCV  609  39,858  166,593   380,970 

P  32,213  152,824  1,612,744   6,232,231 
CF  1,118  2,808  237,222   911,920 

Replaced M km/a 
(baseline) 

all 
petrol

all
 624  7,087  36,111   77,043 

diesel  244  2,904  36,821   104,016 
Fleet size 

(sensitivity: high 
fuel prices) 

all 
BEV

all
 59,030  202,003  452,553   784,331 

PHEV  125,160  1,151,594  8,155,544   18,136,909 

Replaced M km/a 
(sensitivity: 

infrastructure) 
all 

petrol
all

 1,136  10,006  44,144   88,515 

diesel  319  9,093  53,958   128,047 

Legend: CC = company cars, P = private cars, CF = commercial fleet cars 
 
EV Sales Potential 204 
The base scenario shows with over 130,000 electric vehicles sold per year in 2020 a slow 205 
increase of the EV sales potential starting in 2015 with a strong upward trend from 2020 until 206 
2030 with around 1,550,000 vehicles already. Note that historically around 3.3M 207 
conventional cars and LCVs are sold per year in Germany. This translates that under the 208 
assumed conditions almost 50% of all cars sold in 2030 could be EVs. When we now 209 
implement the yearly sales figures into the vehicle stock we can see around 480,000 in 2020 210 
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EVs which account for around 8.5% of the total vehicle stock. With growing sales numbers 211 
between 2020 and 2030 the share of EVs in the vehicle stock rises to around a quarter of all 212 
registered cars. 213 

The main influencing factor behind this development are of course high battery prices 214 
until 2020 which significantly reduce the profitability of EVs due to the resulting high 215 
upfront premium payment and limit the customers to early adopters and companies and 216 
private households with high annual mileage (for example, the minimum annual mileage for 217 
private households in 2025 is 23,500 km; in 2020, the value lies above our probability limit 218 
of 40,000 km). With dropping prices expected from 2020 on (3), EVs become more 219 
competitive with similar ICE vehicles and can be taken into consideration by drivers with an 220 
average annual mileage. 221 
 Although electric drivetrains are already more efficient than ICE drivetrains electric 222 
drivetrains are expected to still have a higher potential for efficiency increase which will 223 
reduce the average energy consumption per 100km e.g. for a medium sized vehicle from 23.8 224 
to 19.6 kWh. In contrast, ICEs are expected to have lower efficiency gains due to their higher 225 
maturity. Please see (17) for detailed information. 226 
 Another limiting factor for an earlier market breakthrough of EVs is the lack of 227 
charging options especially for wide sections of private households. In Germany only around 228 
70% of private registered vehicles have a garage available or park their vehicle on their own 229 
site to provide access to energy infrastructure for recharging an EV (19). Assuming that from 230 
2015 on private drivers have the option of recharging their vehicle at the workplace, and from 231 
2020 on also at shopping patterns including the option for fast charging, EVs become more 232 
profitable for a higher share of potential customers. 233 
 234 
PHEV or BEV – Who is the Winner?  235 
Within the first two periods of the observed timeframe PHEV registrations are significantly 236 
behind BEV registrations. While the absolute number of sold EVs in 2015 at around 15,000 237 
vehicles is very low, only one third of these vehicles are PHEVs. The main reason for this 238 
result is the higher availability of BEV models in the market until 2015, which follows our 239 
market analysis of announcements and already available EVs by vehicle manufacturers. 240 
These limitations are expected to drop after the year 2015, which leads to fast-growing sales 241 
figures for PHEVs from 2015 onwards. Already in 2020, PHEVs sales are at around 85,000 242 
vehicles almost twice as big as for BEVs. This development continues with PHEVs being the 243 
first choice for potential EV customers due to the higher profitability for the customer as well 244 
as non-existent limitations to use the vehicle as sole vehicle in the household. Compared to a 245 
BEV a PHEV can without restrictions be operated on longer trips e.g. for weekend trips or 246 
holidays with trip lengths over the real range ∗ . In our analysis we exclude the possibility 247 
that a private household owning only one vehicle will exchange it in favour of a BEV if it is 248 
reported in the MiD that this vehicle is also operated on longer journeys. This limitation falls 249 
with the year in 2025 when we assume a denser network of public fast charging points.  250 
 251 
Customer Analysis 252 
When analyzing the electrification of the different ownership types we can differentiate four 253 
stages. In the first stage until 2015 we see the highest demand in the private sector with 254 
around 32,000 registrations followed by user-chooser company cars. Pioneers drive the 255 
private as well as commercial registrations. Electric vehicles are not profitable until 2015 and 256 
only available in limited volume, which is specifically the case for PHEV. 257 
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From 2015-2020 EVs become profitable for private driver as well as user-chooser 258 
company cars given the vehicles will generate a high annual mileage. Therefore both 259 
segments grow. However, it can be observed that user-chooser company cars gain 260 
significantly higher shares due to the higher shares of vehicles with a high annual mileage. 261 
Besides these two segments LCVs also pick up and make up for around 40,000 registrations 262 
in the year 2020.  263 

In the timeframe of 2020-2025 all ownership types gain increasing shares of EVs. 264 
Company fleet cars and LCVs are the fastest growing segment, coming from their low 265 
diffusion level to now catch up with the other segments. Registrations in the private sector 266 
make up already 1.6M in 2025 vehicles being the second largest sector. In the year 2025 the 267 
market for user-chooser company cars is almost saturated with 1.7M registrations.  268 

Until 2030 we see the highest increase in relative and absolute numbers in the private 269 
sector. With ever decreasing prices for batteries, higher efficiency of drivetrains and 270 
availability of charging infrastructure EVs, the barriers for owning an EV become very low 271 
making it a profitable option even for vehicles with below-average annual mileages. The 272 
same is true for commercial fleet cars as well as LCVs. LCV with their often specific driving 273 
pattern and average daily mileage below 80km make up for the highest share of BEVs in 274 
2030. 275 
 276 
EV Size Distribution 277 
There are several observations in the development of the PHEV and BEV potential: First, the 278 
competition between the two EV types is mainly decided by vehicle size – small electric 279 
vehicles are mostly BEVs while large ones are mostly PHEVs. One reason is that small 280 
vehicles in the household are less used for longer trips than medium or large vehicles and 281 
therefore can be replaced by a BEV with a restricted range. Furthermore smaller cars are 282 
often not the only vehicle in the household but rather a second or third vehicle. Therefore 283 
profitable medium or large sized EVs are expected only to be PHEV until 2020. With 284 
significantly decreasing battery prices from 2020 on the profitability of medium sized BEVs 285 
especially rises strongly and BEVs gain a share of 40% of potential EV sales in 2030. 286 
Regarding small vehicles, BEVs already dominate the market in 2025. Only large EV 287 
passenger cars are without exception PHEV due to comparatively high surcharges and longer 288 
trip patterns 289 
 290 
Annual Mileages Replaced by EVs 291 
It is of special interest to predict the total annual mileages that are replaced by EVs - this 292 
result is the direct input for straightforward emission calculation. 293 
The replaced annual mileages grow proportionately with the fleet size of the respective 294 
segment. However, compared to the total fleet size the total mileage is dominated by 295 
company cars for a longer time since their annual mileage is generally higher. 296 

We furthermore distinguished between the replaced fuel type (petrol or diesel) since 297 
most emission models use separate emission factors for them. While the additional 298 
investment in EVs compared to petrol cars is higher than to diesel cars, the savings per mile 299 
are also higher. The relation between replaced petrol and diesel miles therefore mainly 300 
depends on the relation of petrol and diesel prices. In our baseline scenario, we predict a 301 
strongly growing replacement of annual petrol kilometers from 624 million in 2015 to 77 302 
billion in 2030. The replaced annual diesel kilometers take up lagged, at 244 million in 2015, 303 
but meet the petrol mileage replacement in 2025 (at 36 billion annual kilometers) to then 304 
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surpass it and grow until 104 billion in 2030. Note that the total German demand for annual 305 
kilometers amounts to 647 billion kilometers (21). The potential for replacement is thus 306 
significant. 307 

Regarding the vehicle sizes, the replaced mileages are mostly driven by large vehicles 308 
in the first periods while medium-sized ones grow increasingly and finally dominate in 2030. 309 
Logically, at this endpoint of our analysis these vehicles are mostly owned by private 310 
households. 311 
 312 
Sensitivity Analysis: Gas Prices 313 
The sensitivity analysis of the model on higher fuel prices demonstrates the potency of this 314 
lever. With around 1.35M registered EVs in 2020 already the potential fleet size triples and in 315 
2030 almost 19M EVs are registered replacing almost 50% of the total vehicle fleet, doubling 316 
the potential compared to the baseline scenario described above. 317 

When analyzing the customers of the vehicles it becomes clear that especially the 318 
sector of private buyers increases. Whereas in the scenario baseline most of the vehicles got 319 
into the private sector through the second hand market it is now profitable for many new car 320 
buyers to prefer an EV over an ICE-propelled car. 321 

Besides the (expected) result that high fuel prices are the most important driver of the 322 
transition towards EVs, an interesting detail can be observed: While the PHEV fleet has 323 
largely increased, the number of BEVs is almost constant because the savings for PHEV 324 
miles compared to conventional vehicle miles outperform the BEVs higher investment for 325 
only slightly cheaper annual fuel cost. 326 
 327 
Regional Analysis and Sensitivity to Charging Infrastructure 328 
The highest sales potential in Germany until 2020 can be found in the metropolises and their 329 
suburban surroundings (see Figure 2). This is true for all scenarios and partly stems from the 330 
pioneers - but the main causes are shorter trips and more sales of the suitable vehicles 331 
categories in these areas.  332 

For a sensitivity analysis, we defined an infrastructure scenario where widespread 333 
availability of recharging infrastructures is assumed. We translate this fact into a charge 334 
factor ( , see above) which strongly grows to values of 1.6 in 2015, 3.2 in 2020, 4.1 in 2025 335 
until 5.0 in 2030. This rather extreme assumption means that in 2030, drivers can actually 336 
drive a daily distance of five times their regular range due to fast charging. But for a 337 
sensitivity analysis, it delivers valuable insights about the effects of infrastructure on sales 338 
and usage potentials. The results can be found in Table 2 and Figure 2. 339 

It can be observed that there is on average a higher share of EVs in sales. For 340 
example, in 2020, the general share increases by about 2% and in cities and suburban areas 341 
“gaps” were closed and EVs are now an option for more potential customers living in rural 342 
areas in the center of Germany as well as in western and southern part. This is mainly due to 343 
the possibility to overcome restrictions in maximum daily trip lengths that are supposedly 344 
higher in these areas. With a charging station at the workplace the savings through electric 345 
driving are significantly higher and a positive NPV can be achieved earlier. 346 

The share of pure-electric BEVs is much higher in this scenario. While the 2020 347 
PHEV fleet totals at 270,000 vehicles (which is less than in the baseline scenario), there are 348 
330,000 BEVs – more than double the number of the baseline scenario. The explanation is 349 
straightforward: More recharging availability leads to a higher “real range” for the same 350 
investment – a fact of which BEVs benefit more than PHEVs. Note also that most of the 351 
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inner city areas have a higher EV share in this scenario, which is mainly caused by the ability 352 
to recharge at work. 353 

While the effect of such extreme infrastructure developments on EV shares can be 354 
seen as significant but rather limited, it has a high effect on the potential annual miles driven 355 
electrically, which rise by around 20%. The reason is twofold: While on the one hand BEVs 356 
become more competitive against PHEVs, more people are able to drive pure-electric cars. 357 
On the other hand, the PHEVs can be driven with a much higher electrical share. 358 
 

   
FIGURE 2: EV sales shares 2020 in the baseline (left) and in the infrastructure scenario 
 
CONCLUSION 359 

We defined a cost-oriented model of EV ownership to predict possible sales volumes, fleet 360 
sizes and driven mileages on a very disaggregate level of geographical area, ownership, 361 
vehicle size and replaced fuel type. The translation of mileages into emission savings is 362 
therefore straightforward, since most of this granularity can be used in detailed emission 363 
factors (which are often separate for petrol/diesel, urban/rural and small/large vehicles). 364 

The results for Germany show a replacement potential of 180 billion annual vehicle 365 
kilometers in the baseline scenario, which is more than one fourth of the total German annual 366 
mileage of passenger cars and LCVs.  367 

The main vehicle categories for potential replacement by EVs are large and medium-368 
sized cars, of which many are first registered (and thus bought) by companies for mixed 369 
business-private use. After the leasing period (mostly three years), these vehicles quickly 370 
disperse into the private second-hand market, leading to a lagged but high share of private EV 371 
owners. 372 
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EVs replace both petrol and diesel cars, depending on the relation of these fuels’ 373 
prices and the price difference of their engines. We estimated a larger petrol replacement 374 
first, followed by more diesel replacement after 2025. 375 
While in the long run our model predicts PHEVs significantly dominating the EV market, 376 
BEVs can especially score in the LCV segment or in early periods if charging infrastructure 377 
is widely available. 378 

High fuel prices have the expected strong impact on sales, fleet sizes and finally the 379 
replaced mileages. Logically, the relation is quite parallel to the relation between the fuel and 380 
energy prices in the scenarios. 381 

The regional analysis shows the expected concentrations in urban areas but also 382 
clearly reveals that the potential of their respective surrounding suburbia is the largest market. 383 
Rural regions of very sparse EV potential strongly benefit from recharging infrastructure 384 
investments, as does the general share of electrically driven miles. 385 

Future steps include the use of the calculated mileages to predict scenarios of air 386 
pollutant emissions for each district as well as the comparison of this drivetrain choice model 387 
to utility-based vehicle choice models. 388 

The prediction of fleet sizes of electric vehicles in the future is an important task in 389 
order to demonstrate the possible impact of future developments concerning the transport 390 
sector such as increasing fuel prices but also to analyze the efficacy of measure that can help 391 
support the adoption of EVs and overcome the high investment costs e.g. by providing a 392 
higher profitability during vehicle operation through the deployment of a public charging 393 
infrastructure. The results can provide valuable insights for policy design as well as for 394 
transport and environmental modeling at the same time. 395 
 
ACKNOLEDGEMENTS 

This model has been developed within the project “Flottenversuch Elektromobilität” funded 
by the German Federal Ministry for the Environment, Nature Conservation and Nuclear 
Safety. 
 
REFERENCES 

1 European Environment Agency (2012) Annual European Union greenhouse gas 
inventory 1990–2010 and inventory report 2012, Office for Official Publications 
of the European Communities, Luxembourg. 

2 Fulton, L., Cazzola, P., Cuenot, F., (2009) IEA mobility model (MoMo) and its 
use in the ETP 2008, Energy Policy 37, 3758-3768. 

3 German Federal Government (2009) German Federal Government’s National 
Electromobility Development Plan. Accessed 07.07.2012 at 
http://www.bmu.de/files/pdfs/allgemein/application/pdf/nep_09_bmu_en_bf.pdf 

4 Campbell, A. R., Ryley, T., Thring, R. (2012) Identifying the early adopters of 
alternative fuel vehicles: A case study of Birmingham, United Kingdom, 
Transportation Research Part A, 46 (2012) 1318-1327. 

5 Ministère de l’Écologie, de l’Energie, du Développement durable et de la Mer 
(2009) Lancement du plan national pour le développement des véhicules 
électriques et hybrids rechargeables. Accessed 05.07.2012 at 

TRB 2013 Annual Meeting Paper revised from original submittal.



Alexander KIHM, Stefan TROMMER and Markus MEHLIN 15 

http://www.developpement-
durable.gouv.fr/IMG/pdf/dossier_de_presse_vehicules_ecologiques.pdf 

6 Meyer, I., Leimbach, M., Jaeger, C.C. (2007) International passenger transport 
and climate change: a sector analysis in car demand and associated CO2 emissions 
from 2000 to 2050, Energy Policy 35, 6332-6345. 

7 Thiel C., Perujo, A., Mercier, A. (2010) Cost and CO2 aspects of future vehicle 
options in Europe under new energy policy scenarios, Energy Policy 38, 7142-
7151. 

8 Faria, R., Moura, P., Delgado, J., de Almeida, A. T. (2012) A sustainability 
assessment of electric vehicles as a personal mobility system, Energy Conversion 
and Management 61, 19-30. 

9 Lischke, A., Knitschky, G. (2012) Future development in road freight transport 
regarding more environmentally friendly vehicle technologies. Procedia - Social 
and Behavioral Sciences 48, 1557 – 1567. 

10 Edwards, R., Larive, J-F., Beziat, J-C. (2011) Well-to-wheels analysis of future 
automotive fuels and powertrains in the European context. European Commission 
Joint Research Centre, JRC Scientific and Technical Reports. 

11 Mobile.de (2012) http://www.mobile.de (accessed 18.07.2012) 
12 Egbue, O., Long, S. (in press) Barriers to widespread adoption of electric vehicles: 

an analysis of consumer attitudes and perceptions, Energy Policy. 
13 Wietschel, M., Bünger, U. (2010) Vergleich von Strom und Wasserstoff als CO2-

Freie Endenergieträger. (Hrsg.) Fraunhofer-Institut für System- und 
Innovationsforschung, Karlsruhe. 

14 Gerpott, T., Mahmudova, I. (2009) Einflussfaktoren der Preistoleranz für 
Ökostrom – Eine empirische Untersuchung privater Stromkunden in Deutschland.  
Zeitschrift für Umweltpolitik & Umweltrecht, 32: 33-65. 

15 Baum, H., Dobberstein, J., Schuler, B. (2011) Nutzen-Kosten-Analyse der 
Elektromobilität, Kölner Diskussionsbeiträge zur Verkehrswissenschaft, Institut 
für Verkehrswissenschaft an der Universität zu Köln. 

16 BVU, Intraplan Consult (2007) Prognose der deutschlandweiten 
Verkehrsverflechtungen 2025. München, Freiburg. Gutachten im Auftrag des 
BMVBS. 

17 Knoerr,W. (2011) TREMOD - Fortschreibung Daten- und Rechenmodell: 
Energieverbrauch und Schadstoffemissionen des motorisierten Verkehrs in 
Deutschland 1960-2030 (official database of the German Ministries for emission 
reporting), accesible through 
http://www.ifeu.de/english/index.php?bereich=ver&seite=projekt_tremod  

18 Turrentine, T., Garas, D., Lentz, A., Woodjack, J. (2011) The UC Davis MINI E 
Consumer Study, Institute of Transportation Studies University of California, 
Davis. 

TRB 2013 Annual Meeting Paper revised from original submittal.



Alexander KIHM, Stefan TROMMER and Markus MEHLIN 16 

19 Bundesministerium für Verkehr, Bau und Stadtentwicklung (2009) Mobilität in 
Deutschland 2008, available through http://daten.clearingstelle-verkehr.de/223/ 

20 Bundesministerium für Verkehr, Bau und Stadtentwicklung (2003) 
Kraftfahrzeugverkehr in Deutschland 2002, available through 
http://daten.clearingstelle-verkehr.de/194/  

21 DIW (2011) Kraftfahrzeugverkehr 2010, DIW Wochenbericht Nr. 48.2011 

TRB 2013 Annual Meeting Paper revised from original submittal.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


