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!ŎǊƻƴȅƳǎ ŀƴŘ !ōōǊŜǾƛŀǘƛƻƴǎ 

Table 1.1 sets out the acronyms and abbreviations commonly used in the 
report. 

Table 0.1 Acronyms and abbreviations 

 Abbreviation Definition 

Powertrain types 

Internal 
combustion 
engine 

ICE These are conventional petrol or diesel cars with an 
internal combustion engine. In the various scenarios 
modelled there is variation in the level of efficiency 
improvements to the ICE. Efficiency improvements cover 
engine options, transmission options, driving resistance 
reduction, tyres and hybridisation. Under our definition of 
an ICE, hybridisation is limited to micro-hybrids with 
start-stop technology and regenerative breaking. 

Hybrid electric 
vehicles 

HEV This definition covers full hybrid electric vehicles that can 
be run in pure EV mode for some time. They have a 
larger battery than the micro-hybrids (that are classified 
as ICEs).  

Plug-in hybrid 
electric vehicle 

PHEV Plug-in hybrid electric vehicles have a large battery and 
an internal combustion engine. They can be plugged in 
to recharge the vehicle battery. EVs with range 
extenders are not included in the study. 

Battery electric 
vehicle 

BEV This category refers to fully electric vehicles, with a 
battery but no engine.  

Fuel cell electric 
vehicle 

FCEV FCEVs are hydrogen fuelled vehicles, which include a 
fuel cell and a battery-powered electric motor.  

Zero emissions 
vehicle 

ZEV Includes all vehicles with zero tailpipe emissions (e.g. 
FCEVs and BEVs). 

Economic terminology 

Gross domestic 
product 

GDP A monetary measure of the market value of all final 
goods and services in the national economy 

Gross Value 
added 

GVA A measure of the total value of goods and services in the 
economy netted from value of inputs and taxes. 

Other acronyms 

New European 
Driving Cycle 

NEDC Test cycle used for the certification of cars in Europe 
until September 2017 

Original 
equipment 
manufacturers 

OEMs Refers to equipment manufacturers of motor vehicles 

Million barrels of 
oil equivalent 

mboe A unit for measuring oil volumes 

Worldwide 
harmonized Light 
vehicles Test 
Procedure 

WLTP Test cycle used for the certification of cars in Europe 
since September 2017 
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9ȄŜŎǳǘƛǾŜ {ǳƳƳŀǊȅ 

This report assesses the economic costs and benefits of decarbonising 
passenger cars in Europe. A scenario approach has been developed to 
envisage various possible vehicle technology futures, and then economic 
modelling has been applied to assess impacts. The study follows a similar 
approach to that of the 2013 CǳŜƭƭƛƴƎ 9ǳǊƻǇŜΩǎ CǳǘǳǊŜ report. 

Cambridge Econometrics and Element Energy were commissioned by the 
European Climate Foundation (ECF) to assess the likely economic impacts and 
the transitional challenges associated with decarbonising the European car 
fleet in the medium term (to 2030) and the long term (to 2050).  

This technical report sets out the findings from our analysis. It provides details 
about the charging infrastructure requirements, technology costs and 
economic impacts of the transition to low-carbon mobility. A summary report, 
presenting the key messages from the study, is also available5. 

The study shows that, while there are potentially large economic and 
environmental benefits associated with decarbonising passenger car transport 
in Europe, there are also transitional challenges which must be addressed if 
the benefits are to be realised. In recent years, there has been a strong push 
to decarbonise transport in Europe, including the publication in late 2017 of 
draft emissions reduction targets for 2025 and 2030. There have also been 
announcements from OEMs regarding deployment of advanced powertrain 
models across their ranges, signalling how rapidly the landscape is changing.  

The potential benefits if Europe embraces the transition are substantial. 

¶ Reduced use of oil and petroleum products will cut energy import 
dependence and bring about large reductions in carbon emissions. 

¶ There are net gains in value added and employment gains which increase 
as oil imports are reduced over time. By 2030, the TECH scenario would 
lead to an increase in GDP of 0.6% ŎƻƳǇŀǊŜŘ ǿƛǘƘ ŀ Ψƴƻ ŎƘŀƴƎŜΩ ŎŀǎŜΣ and 
an increase in employment of around 670,000 jobs.  

¶ There is substantial potential for EV and grid synergies using smart 
charging strategies to shift EV charging demand away from peak periods 
to periods of low system demand.  This would mitigate the challenges to 
the electricity system posed by EVs, limiting increases in peak electricity 
demand.  

¶ For the consumer, the four-year total cost of ownership of Zero-Emission 
Vehicles is likely to converge towards that of conventional petrol and 
diesel cars in the next decade 

However, our modelling, in combination with insight from the Core Working 
Group, also highlights a number of transitional challenges: 

¶ The implementation of a rapid charging infrastructure will require 
investments reaching several billion euros per year by 2030. A determined 

                                                      
5 See: https://www.camecon.com/how/our-work/fuelling-europes-future/  

https://www.camecon.com/how/our-work/fuelling-europes-future/
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and joint effort of the industry, government and civil society is needed to 
deploy sufficient charging infrastructure. Timing, location, capability and 
interoperability are key issues. 

¶ The transition to low-carbon mobility causes a wide range of impacts in 
employment across several sectors. Employment in the automotive sector 
ƛǎ ŀ ƭƛǘǘƭŜ ƘƛƎƘŜǊ ƛƴ ƻǳǊ ŎŜƴǘǊŀƭ ǎŎŜƴŀǊƛƻ ǘƘŀƴ ƛƴ ǘƘŜ Ψƴƻ ŎƘŀƴƎŜΩ ŎŀǎŜ until 
2030, during which time climate goals are met through a balanced mix of 
hybrids, plug-in vehicles and increasingly efficient ICEs. After 2030, the 
transition to electric mobility will increase employment in sectors such as 
construction and infrastructure, as well as services, but is likely to have an 
adverse impact on employment in the automotive value chain. 

¶ The transition poses a significant challenge to maintain the 
competitiveness and market share of the European auto industry, by 
remaining at the cutting edge of clean technology innovation. 
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1 LƴǘǊƻŘǳŎǘƛƻƴ 

1.1 Background 

In November 2013, the European Parliament and the Council of the European 
Union set out legislation to limit the emissions of new vehicles. The EU CO2 
standards required fleet-wide average vehicle emissions to be below 95g CO2 
per km by 2021. In 2017, the Commission announced6 proposed new 
standards for 2025 and 2030; a 15% reduction in average new vehicle 
emissions between 2021 and 2025, and a 30% reduction in new vehicle 
emissions in 2030 compared to 2021. These aim to continue to move Europe 
along a low carbon pathway and to meet EU-wide targets for a 60% reduction 
in transport CO2 emissions by 2050.  

Announcements in 2017 by the French and UK governments that new sales of 
conventional petrol and diesel cars will be banned by 2040 have also sent a 
clear signal that change is coming. As well as supporting the curtailment of 
CO2 emissions, the impetus for this change is, in part, due to increasing 
concern about the level of local air pollutants (such as NOx) emitted by 
vehicles and the negative health outcomes associated with this pollution, 
especially in densely populated urban areas. Many other EU Member States 
have explicit targets for EVs in the stock; Germany is aiming for 1 million in 
2020, and Poland the same number by 2025. 

As such, most major car manufacturers in Europe have developed new 
product lines that are increasingly fuel efficient, and are now moving 
increasingly towards electrification or fuel cells as the next step in reducing 
emissions to meet the proposed targets.  

There has been much debate about the potential impacts of the transition to 
ZEVs. The purpose of this study is to shed light on the potential benefits and 
the transitional challenges of decarbonising passenger cars for the European 
automotive industry and the wider economy over the period to 2050. In doing 
so, it highlights some of the key issues that policy makers should focus on, 
including; 

¶ What is the scale and pace of investment in infrastructure required? 

¶ How will government tax revenues be affected due to reduced fuel duty? 

¶ What will be in the impact on the electricity grid, and peak electricity 
demand, and how could this be better managed? 

The study also addresses some of the key uncertainties about the transition: 
What if future oil prices are higher (or lower) than projected? What if 
technology costs and battery costs are different to expected? What if PHEVs 
ƻǊ C/9±ǎ ōŜŎƻƳŜ ǘƘŜ ΨǘŜŎƘƴƻƭƻƎȅ ǿƛƴƴŜǊΩΣ ƛƴǎǘŜŀŘ ƻŦ .9±ǎΚ 

                                                      
6 https://ec.europa.eu/clima/policies/transport/vehicles/proposal_en 

Low-carbon 
transport policy 

Motivation for the 
study 

https://ec.europa.eu/clima/policies/transport/vehicles/proposal_en
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1.2 Methodology 

For this study, a set of scenarios were defined in which it was assumed that a 
certain low-carbon vehicle technology mix would be introduced and taken up 
in response to vehicle CO2 emissions regulations. The particular factors 
affecting consumersΩ decisions to purchase alternative vehicle technologies 
were not assessed. 

As shown in the graphic below, the methodology involved three key stages: 

1) Stakeholder consultation to define the scenarios and agree on the key 
modelling assumptions 

2) An integrated modelling framework that involved (i) application of the 
Element EnŜǊƎȅΩǎ vehicle stock model to assess the impact of alternative 
low-carbon vehicle sales mix on energy demand and emissions, vehicle 
prices, technology costs and the total vehicle cost of ownership and (ii) 
application of the E3ME model to assess the wider socio-economic effects 
of the low-carbon vehicle transition. 

3) Off-model analysis to consider the energy system and grid benefits of 
increased use of BEVs and FCEVs (e.g. through the provision of grid 
balancing services). 

 

Figure 1.1: Our approach 

 

The two models that were applied in our framework are 9ƭŜƳŜƴǘ 9ƴŜǊƎȅΩǎ 
Vehicle Stock Model and /ŀƳōǊƛŘƎŜ 9ŎƻƴƻƳŜǘǊƛŎǎΩ E3ME model. 

The vehicle stock model calculates vehicle fuel demand, vehicle emissions and 
vehicle prices for a given mix of vehicle technologies. The model uses 
information about the efficiency of new vehicles and vehicle survival rates to 
assess how changes in new vehicles sales affect stock characteristics. The 
model also includes a detailed technology sub-model to calculate how the 
efficiency and price of new vehicles are affected, with increasing uptake of 

9ƭŜƳŜƴǘ 9ƴŜǊƎȅΩǎ 
Vehicle Stock 

Model 
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fuel efficient technologies. The vehicle stock model is highly disaggregated, 
modelling 16 different technology types across three different size-bands 
(small, medium and large)7. It differentiates two blocks of countries, EU15 and 
EU13, and accounts for the second-hand market flow between these two 
regions.  

Some of the outputs from the vehicle stock model (including fuel demand and 
vehicle prices) are then used as inputs to E3ME, an integrated macro-
econometric model, which has full representation of the linkages between the 
energy system, environment and economy at a global level. The high regional 
and sectoral disaggregation (including explicit coverage of every EU Member 
State) allows modelling of scenarios specific to Europe (and allows the 
disaggregation of results down to Member State level, although for this 
analysis we report only two aggregated European regions) and detailed 
analysis of sectors and trade relationships in key supply chains (for the 
automotive and petroleum refining industries). E3ME was used to assess how 
the transition to low carbon vehicles affects household incomes, trade in oil 
and petroleum, consumption, GDP, employment, CO2, NOx and particulates. 

For more information and the full model manual, see www.e3me.com. A 
summary description of the model is also available in Appendix A of this 
report. 

 

1.3 Structure of the report 

The report is structured as follows: 

¶ Section 2 sets out the scenarios that were developed to inform the 
analysis and are required to answer the questions raised by the Core 
Working Group. 

¶ The main modelling assumptions and technology cost data are set out in 
Section 3. 

¶ New infrastructure requirements are a key consideration for the 
deployment of zero emission vehicles, these are considered in Section 4. 

¶ Above all, a transition requires consumers to adopt low and zero emission 
cars. In Section 5 we look at the capital and fuel costs facing the consumer 
for new cars in the future. 

¶ A transition to electric vehicles has implications for the electricity grid. In 
Section 6, Element Energy has assessed the implications for the German 
electricity grid of electric vehicles and the extent to which the challenges 
that arise are offset by the application of smart charging. 

¶ The core analysis focuses on the macroeconomic impact of the difference 
scenarios. The net impacts and transitional challenges are set out in 
Section 7. 

¶ The main driver of low emissions cars is to reduce the harmful impact that 
road transport has on the local and global environment. The contribution 

                                                      
7 See Section 3, Table 3.1 for more details. 

E3ME 

http://www.e3me.com/
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of passenger cars to CO2 emissions and local air quality pollutants is set 
out in Section 8. 

¶ The report finishes with our conclusions in Section 9. These are the views 
ƻŦ ǘƘŜ ǊŜǇƻǊǘΩǎ ŀǳǘƘƻǊǎ ŀƴŘ Řƻ ƴƻǘ ƴŜŎŜǎǎŀǊƛƭȅ ǊŜǇǊŜǎŜƴǘ ǘƘŜ ǾƛŜǿǎ ƻŦ ǘƘŜ 
European Climate Foundation or the members of the Core Working Group, 
either individually or collectively. 
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2 hǾŜǊǾƛŜǿ ƻŦ ǎŎŜƴŀǊƛƻǎ 

2.1 Scenario design 

The analysis set out in this report is based on a set of scenarios developed by 
the Core Working Group, each assuming a different new vehicle sales mix. 
These represent a range of decarbonisation pathways and are designed to 
assess the impact of a shift towards low carbon powertrains; they do not 
necessarily reflect current predictions of the future makeup of the European 
car fleet. Uptake of each kind of vehicle is by assumption: implicitly we 
assume that this change is brought about by policy. The five core scenarios to 
be modelled for this study are summarised in the table below: 

Table 2.1 Description of the five core modelling scenarios 

Scenario Scenario description 

REF 
(Reference) 

¶ No change in the deployment of efficiency technology or the 
sales mix from 2015 onwards  

¶ Some improvements in the fuel-efficiency of the vehicle stock, 
due to stock turnover 

CPI (Current 
Policy) 

¶ Improvements to the efficiency of the ICE and a modest 
increase in HEV, PHEV and BEV deployment to meet 95gCO2/km 
EU vehicle efficiency target for 2021 

¶ No further deployment of efficiency technology or advanced 
powertrains post-2021 

TECH (High 
Technology) 

¶ New cars meet 95gCO2/km (NEDC) target in 2021, and achieve 
~77 gCO2/km (WLTP) in 2025 and ~57gCO2/km (WLTP) in 2030 

¶ Ambitious deployment of fuel-efficient technologies in all new 
vehicles over the period to 2050 (e.g. light-weighting) 

¶ ICE and HEV sales are banned in 2040, consistent with policies 
already announced by several Member States (e.g. France, UK, 
Netherlands, Norway)  

¶ Before 2040, BEVs deployed mostly in small and medium sized 
segments in a way consistent with latest announcements 

¶ BEVs outnumber PHEVs 2:1 until 2040, where PHEV sales drop 
off 

¶ FCEVs gain market share after 2030, and are deployed in the 
medium and large segments (which have higher annual 
mileage) 

TECH PHEV 
(High 
Technology, 
PHEVs 
dominate) 

¶ A variant of TECH where PHEVs emerge as the dominant 
technology to 2040, and take the majority share of advanced 
powertrain deployment over this period 

¶ PHEVs outnumber BEVs 2:1 until 2040, when PHEV sales drop 
off slightly 

TECH OEM 
(High 
Technology, 
Ambitious 
uptake) 

¶ A low carbon technology scenario with a more ambitious 
deployment for advanced powertrains as new sales of ICEs stop 
in 2035 and HEVs stop in 2040 as per the TECH scenario. This is 
in line with recent OEM announcements and an ambitious view 
on policy announcements. 

¶ PHEV and BEV sales are equal until 2035 after which the market 
share if PHEVs decline, becoming zero in 2050 
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For the most part, this technical report focusses on the impact of the central 
TECH scenario, but the variants are useful in that they allow us to explore: 

¶ the implication for jobs in the automotive supply chain (TECH PHEV) 

¶ the impact of a rapid transition to low carbon vehicles on CO2 emissions as 
well as the associated economic risks and potential benefits (TECH OEM) 

2.2 Vehicle sales and stock 

The uptake scenarios define the proportion of new sales across each 
powertrain, which are then divided into fuel type (e.g. Petrol ICE vs Diesel ICE) 
ŀƴŘ ǎŜƎƳŜƴǘ όǎƳŀƭƭΣ ƳŜŘƛǳƳ ŀƴŘ ƭŀǊƎŜύΦ ¢ƘŜ ǾŜƘƛŎƭŜ ŦƭŜŜǘ ƛǎ ǎǇƭƛǘ ƛƴǘƻ Ψ[ƻƴƎ-
ǊŀƴƎŜΩ ŀƴŘ Ψ¦ǊōŀƴΩ ǾŜƘƛŎƭŜǎ ǘƻ ŀŎŎƻǳƴǘ ŦƻǊ ǘƘŜ ŘƛŦŦŜǊŜƴǘ ǳǎŀƎŜ ǇŀǘǘŜǊƴǎ ƻŦ ǘƘŜ 
various powertrains. These are defined by the segment shares of the 
powertrain, where long-range cars are assumed to have a higher proportion 
of large cars and urban cars have a higher proportion of small cars (see Figure 
2.1)  

Figure 2.1 Segment split of Small/medium/large vehicles for long range and urban classifications 

 
 

A simplifying assumption is that long-range powertrains share the 
small/medium/large car shares of current diesel cars and urban powertrains 
share the segment shares of current petrol cars. Over the total stock, segment 
shares remain constant (Small: 32%, Medium: 44%, Large: 24%). FCEVs are 
introduced into the medium and large segments and BEVs are initially 
ƛƴǘǊƻŘǳŎŜŘ ŀǎ ΨǳǊōŀƴ ǾŜƘƛŎƭŜǎΩ όƛΦŜΦ ǿƛǘƘ ǎŀƭŜǎ ǎƪŜǿŜŘ ǘƻǿŀǊŘǎ ǎƳŀƭƭ ŀƴŘ 
medium segments). As the market share of BEVs becomes more established, 
they are increasingly taken up across both urban and long-distance modes.  

In both the REF and CPI scenarios, ICEs dominate the vehicle sales mix 
throughout the study period. In the REF scenario, the sales mix is held 
constant from 2015, whereas in the CPI scenario there is a limited deployment 
of HEVs, PHEVs and BEVs up to 2020 such that new sales meet the 95g/km 
CO2 target in 2021. Once this target is met, the mix of vehicle sales, and the 
deployment of fuel-efficient technologies, does not change. The mix of vehicle 

REF & CPI Scenarios 
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sales in the REF and CPI scenarios after 2021 is shown in Table 2.2 below. 
Figure 2.2 shows the EU vehicle stock by powertrain type in the CPI scenario. 

Table 2.2 Sales mix of the REF and CPI scenarios from 2021 onwards 

 REF CPI 

ICE 99% 95% 

HEV 1% 3% 

PHEV 0% 2% 

BEV 0% 1% 

FCEV 0% 0% 

 

1. Figure 2.2 European vehicle stock (millions) by powertrain in the CPI Scenario 

 

The composition of vehicle sales and vehicle stock in the TECH, TECH PHEV 
and TECH OEM scenarios are detailed in the subsections below. Whilst the 
sales shares vary across the TECH scenarios, the balance between segment 
shares, and the size of the vehicle stock are kept consistent between these 
scenarios.  

Sales and stock in the TECH scenario are shown in Figure 2.3 and Figure 2.4 
below. We assume a gradual increase in the share of advanced powertrains 
up to 2030. Post 2030, BEV market share grows rapidly in response to an ICE 
ban in 2040. PHEVs and HEVs are deployed initially but HEVs are banned in 
2040 and sales of PHEVs decline sharply after 2040. Sales of ULEVs (PHEVs, 
BEVs, FCEVs) account for ~10% of sales in 2025, and from 2040, ULEVs 
account for 100% of new car sales. 

TECH Scenario 
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Figure 2.3 New vehicle sales by powertrain type in the TECH Scenario 

 

Figure 2.4 European vehicle stock (millions) by powertrain in the TECH Scenario 

 
Sales and stock in the TECH PHEV scenario are shown in Figure 2.5 and Figure 
2.6 below. The total share of advanced powertrains in sales is identical to the 
¢9/I ǎŎŜƴŀǊƛƻΣ ōǳǘ tI9±ǎ ŜƳŜǊƎŜ ŀǎ ǘƘŜ ΨǘŜŎƘƴƻƭƻƎȅ ǿƛƴƴŜǊΩ Ǉƻǎǘ нлол ŀƴŘ 
become the dominant advanced powertrain. Deployment of FCEVs steadily 
increases throughout the time period, and FCEVs begin to gain market share 
at the expense of PHEVs from 2040. 

TECH PHEV 
Scenario 
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Figure 2.5 New vehicle sales by powertrain in the TECH PHEV Scenario 

 
Figure 2.6 European vehicle stock (millions) by powertrain in the TECH PHEV scenario 

 

Sales and stock in the TECH OEM scenario are shown in Figure 2.7 and Figure 
2.8 below. The scenario is characterised by OEMs responding to a ban on sales 
of ICE vehicles by ceasing production of ICE vehicles from 2035, followed by 
HEVs in 2040. This results in a more rapid deployment of advanced 
powertrains with ULEV share reaching 25% in 2025 (in line with recent 
announcements from some OEMs). PHEV and BEV sales are on parity with one 
another until 2035, after which BEVs begin to dominate market share.  

TECH OEM Scenario 
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Figure 2.7 New vehicle sales by powertrain in the TECH OEM Scenario 

 
Figure 2.8 European vehicle stock (millions) in the TECH OEM Scenario 

 

2.3 Fuel demand 

Figure 2.9 shows the combined effects of efficiency improvements and 
deployment of advanced powertrains on fuel consumption by the European 
vehicle stock in the TECH scenario. By 2030, we see a substantial reduction in 
demand for fuel, with a 30% reduction in petrol and diesel demand relative to 
2015. By 2050, the demand for petrol and diesel will have fallen by 90% 
compared to 2015 levels.  
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Electricity and hydrogen demand grows in line with rollout of the stock of 
PHEVs, BEVs and FCEVs and, by 2050, though due to their higher efficiencies 
their share of total energy demand is lower than their share within the vehicle 
stock.  

 

2.4 Sensitivities 

Two sensitivities have been created to explore the impact of key 
uncertainties. These cover the percent of miles driven under electric power 
for PHEVs and the efficiency gains of ICEs 

The carbon reductions achieved from the uptake of PHEVs is largely 
dependent on the percentage of annual mileage driven in electric mode. This 
is highly uncertain, and standardised driving cycles (WLTP or NEDC) are not a 
reliable indication of real world driving patterns. The model instead uses 
assumptions regarding the real world electric range, Figure 2.10 shows the 
resulting electric mileage of a petrol PHEV in 2020 and 2030.  

Figure 2.10 Percentage of miles driven in electric mode for a petrol PHEV in 2020 and 2030 in the TECH 
Scenarios 

 

PHEV electric 
mileage 

Figure 2.9 Stock fuel consumption of petrol, diesel, hydrogen and electricity (mtoe) 
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These values are supported by a 2014 study by Fraunhofer ISI8, which looked 
at the real-world driving patterns of PHEV drivers in Germany and the USA. 
The study showed that the average percentage of miles driven in electric 
mode by a Chevrolet Volt and an Opel Ampera were 78.5% and 77.7% 
respectively. The recorded real world electric range for both vehicles was 
around 62 km, similar to the model assumptions regarding real world range of 
medium and large PHEVs.  Figure 2.11 compares the results from the 
Fraunhofer study to the values used in the model for a petrol PHEV in 2020 
and 2030. The agreement between the modelled and real-world values 
justifies the approach used. 

Figure 2.11 Comparison of real world PHEV miles driven in electric mode (Fraunhofer ISI) to values 
used in the vehicle stock model 

 

There is a concern that these real data points are reflective of a niche group of 
early consumers with different charging habits to the mass market. However, 
in Norway, where electric vehicles are well established in the mass market, a 
2016 consumer survey by the Institute of Transport Economics9 suggests this 
is not the case. The study estimates the total percentage of miles driven in 
electric mode to be 72% for an Opel Ampera; this is lower than the equivalent 
values used in the stock model, but not drastically so.   

By assuming a relatively high proportion of electric miles, we assume that the 
difference in tailpipe emissions between PHEVs and BEVs is relatively small. 
Consequently the differences in total emissions and fuel consumption in the 
TECH and TECH PHEV scenarios are also small. This is reinforced by a 2017 
study, also from Fraunhofer ISI, which demonstrates that, accounting for 
PHEVs higher annual mileage, PHEVs with a real-world range of over 60 km 
drive the same number of kilometres in electric mode as BEVs. This therefore 
implies, at least initially, that their carbon-saving potential could be as large as 
BEVs, as they are likely to replace higher-mileage ICE vehicles.  

                                                      
8 Fraunhofer Institute for Systems and Innovation Research ISI, Real-world economy and CO2 emissions of plug-in 
hybrid electric vehicles 
9 Norwegian Institute for Transport Economics, Learning from Norwegian Battery Electric and Plug-in Hybrid Vehicle 
Users 



Low-carbon cars in Europe: A socio-economic assessment 

 

21 Cambridge Econometrics 

There is, however, significant uncertainty in the above assumptions, especially 
surrounding future vehicle attributes and consumer charging behaviour. The 
future range and battery capacity of PHEVs is critical, and any variation in 
these values will heavily impact the electric mileage percentage. In addition to 
this, there are uncertainties surrounding the charging habits of consumers 
without access to home charging and those who purchase PHEVs as a result of 
favourable tax regimes (rather than running cost or environmental 
considerations). A low charging frequency has been demonstrated in the 
Netherlands where a 2015 study by TNO showed PHEVs covered as little as 
28% of total mileage in electric mode for a Chevrolet Volt, and 21% for a 
Mitsubishi Outlander PHEV. 

To recognise the risk that future consumer charging behaviour may be 
different to our central assumption, two PHEV sensitivities have been created:  

1 percentage of annual mileage driven in electric mode is half of the 
baseline case 

2 PHEVs are driven solely in fuel mode (i.e. no electric mileage) 

In these sensitivities, total demand for electricity will be lower, and total 
demand for fossil fuels higher, reflecting more miles driven on the ICE and less 
on the electric motor. 

The technology deployment used in the TECH, TECH PHEV and TECH OEM 
uptake scenarios includes ambitious efficiency gains of ICE and HEV vehicles. 
Whether these improvements materialise will depend on whether OEMs 
continue to invest in ICE/HEV development. There is clear uncertainty around 
this assumption; it may be the case that such investment will cease (or at least 
decline) as ICE sales fall. 

To account for this uncertainty, a sensitivity has been created where ICE and 
HEV vehicles do not see any improvement in fuel efficiency beyond 2020 
(consistent with the CPI scenario), whereas BEVs, PHEVs and FCEVs all achieve 
the continued efficiency improvements outlined in the TECH deployment 
scenario. This reflects the potential impact of OEMs focusing on the 
development of alternative vehicles rather than improvements in traditional 
powertrains. 

The resulting WLTP CO2 emissions are shown in Figure 2.12. The emissions 
from new vehicles in this scenario closely match the draft EU emissions 
targets of a 30% reduction in new car emissions by 2030 (15% by 2025) 
relative to 2021. This suggests that one way of meeting these targets is 
through the deployment of advanced powertrains as outlined in the TECH 
scenario, with no further efficiency improvements in either ICE or HEV 
vehicles after 2020. 

ICE efficiency gains 
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Figure 2.12 Comparison of CO2 emissions (WLTP) in the TECH scenario to a sensitivity where ICE and 
HEVs achieve follow CPI trajectory and the draft EU carbon targets post-2021 announced in November 
2017 



Low-carbon cars in Europe: A socio-economic assessment 

 

23 Cambridge Econometrics 

3 aƻŘŜƭƭƛƴƎ ŀǎǎǳƳǇǘƛƻƴǎ 

This section sets out the key modelling assumptions underpinning the 
analysis.  

The scenarios are defined by (i) the new sales mix by vehicle powertrain type 
and (ii) the uptake of fuel efficient technologies. Key assumptions that are 
common to all scenarios and are briefly outlined in Table 3.1. The subsequent 
sections provide information about our technology costs and deployment, 
battery costs, fuel cell vehicle and power sector assumptions. 

3.1 Common modelling assumptions 

Table 3.1 Key assumptions used in stock model 

 Details of assumptions used 

Vehicle sales ¶ Historical sales data for 2005-2016 taken from the ACEA 
Passenger Car Sales statistics and the ICCT 

¶ Total new registrations kept constant at 16.9 million per year 
(13.5 million in EU15 and 3.4 million in EU13). Note that new 
registrations in EU13 are made up of both new car sales and 2nd 
hand imports form EU13 (see Trade in motor vehicles below) 

Efficiency of new 
vehicles 

¶ Calculated using Ricardo-!9!Ωǎ ƭŀǘŜǎǘ Ŏƻǎǘ ŎǳǊǾŜ ǎǘǳŘȅ ŦƻǊ ǘƘŜ 
European Commission10Σ ŀƴŘ 9ƭŜƳŜƴǘ 9ƴŜǊƎȅΩǎ /ŀǊ /ƻǎǘ ŀƴŘ 
Performance Model (for the deployment schedule of efficiency 
technologies in the TECH Scenarios, see Section 3.2) 

Mileage by age 
cohort 

¶ We assume that average annual mileage falls gradually over the 
lifetime of a vehicle and varies depending on size, powertrain 
and region (EU15/EU13). For instance, in 2015 a EU15 medium 
size diesel drives 29,000 km in its first complete year, but only 
22,000 km by year 5. 
From the TRACCS11 database we have derived mileage factors 
which show the annual mileage of each vehicle relative to a 
new small petrol car sold in EU15. Considering only the relative 
annual mileages allows the annual mileage for each vehicle to 
be scaled upwards or downwards to ensure the stock does not 
exceed the total vehicle kilometres travelled (exogenously 
defined). The results for a new car in EU15 are shown below. 
HEV/PHEVs take the same mileage factors as petrol or diesel ICE 
depending on their fuel and FCEVs take the mileage factors of 
diesel ICE. Small BEVs take the small petrol ICE values, large 
BEVs take the large diesel values and medium BEVs take an 
average of petrol and diesel medium values. 

 

Mileage coefficients (EU15) 

 Small Medium Large 

Petrol 1 1.2 1.33 

Diesel 1.76 1.79 1.93 
 

                                                      
10 Ricardo-AEA (not yet published) Improving understanding of technology and costs for CO2 reductions from cars 
and LCVs in the period to 2030 and development of cost curves 
11 Transport data collection supporting the quantitative analysis of measures relating to transport and climate 
change, European Commission, 2013  



Low-carbon cars in Europe: A socio-economic assessment 

 

24 Cambridge Econometrics 

Total vehicle km 
travelled 

¶ Total vehicle km travelled are increased in line with the Sultan 
ǊŜŦŜǊŜƴŎŜ ǎŎŜƴŀǊƛƻ ŘŜǎŎǊƛōŜŘ ƛƴ Ψ9¦ ¢ǊŀƴǎǇƻǊǘ DIDΥ wƻǳǘŜǎ ǘƻ 
нлрл LLΩΦ ¢Ƙƛǎ ǊŜǎǳƭǘǎ ƛƴ ŀ ом҈ ƛƴŎǊŜŀǎŜ ƛƴ ǘƻǘŀƭ ƪƳ ǘǊŀǾŜƭƭŜŘ ŦǊƻƳ 
2015-2050. 

Vehicle survival 
rates 

¶ The survival rate was derived from analysis of the age 
distribution of the total EU car stock between 2005-201012 
(using stock data from the TRACCS database). This results in an 
average lifetime of 19.5 years for cars bought from 2015. The 
same survival rate is used for all powertrains and segments. 

Fuel prices ¶ Historical data for fuel prices is taken from the European 
/ƻƳƳƛǎǎƛƻƴΩǎ hƛƭ .ǳƭƭŜǘƛƴ 

¶ For the central scenarios, we assume oil prices grow in line with 
the IEA World Energy Outlook Current Policies Scenario (and a 
constant percentage mark-up is applied to derive the petrol and 
diesel fuel price) 

Electricity prices ¶ These assume additional capacity being delivered in line with 
the PRIMES 2016 Reference Scenario  

¶ The electricity price for EV users is assumed to be the same as 
that paid by households 

¶ The impact of additional demand on electricity prices will be 
explored later in the project. 

Rest of world ¶ Rest of world assumptions on low carbon transport policy affect 
the global oil price and are tested through sensitivity analysis 

Value chains ¶ In all scenarios, we assume that Member States captures a 
consistent share of the vehicle value chain for conventional 
ICEs. For the central scenarios, we assume that, for EVs, battery 
modules and battery packs are assembled in the EU but that the 
battery cells are manufactured in Asia.  

Trade in motor 
vehicles 

¶ We assume the same volume of vehicle imports and exports 
between the EU15 and EU13 in each scenario. The stock model 
reflects the fact that 67% of new registrations in EU13 are 
second hand imports from EU15, and reflects the current age 
distribution of these imported vehicles13. This behaviour is 
assumed to remain constant. 

¶ The price of vehicle imports and vehicle exports changes in line 
with the change in domestic vehicle prices (reflecting that 
transport policy is assumed to be consistent across the EU). 
Vehicles are exported according to their size and powertrain in 
proportion to their stock share. 

Air quality ¶ Real world NOx and PM emission factors were taken from an 
EEA study14 using the Tier 2 emissions calculation method 

Vehicle 
depreciation 

¶ We assume an annual depreciation rate of 20%  

 

3.2 ICE efficiency gains 

Table 3.2 and Table 3.3 below show the assumptions used on the uptake of 
fuel efficient technologies for petrol and diesel ICEs in our TECH, TECH PHEV 
and TECH OEM scenarios. This deployment schedule is taken from the 
baseline scenario reported for the Ricardo-AEA cost curve study for the 

                                                      
12 Element Energy for Transport and Environment (2016) Towards a European Market for Electro-Mobility 
13 Trade data used is that collated and estimated ōȅ /9 ŦƻǊ ǳǎŜ ƛƴ ¢ϧ9Ωǎ 9¦ ¢ǊŀƴǎǇƻǊǘ wƻŀŘƳŀp Model (EUTRM) 
14 EEA Air pollutant emission inventory guidebook 2016  
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European Commission.15 Where applicable (e.g. for technologies and 
measures that affect the body of the car rather than the engine efficiency), 
the fuel-efficient technologies are also assumed to be installed in the same 
proportion of alternative powertrain vehicles. 

 
Table 3.2 Deployment of fuel efficient technologies in Medium Petrol ICEs over the period to 2050 (as 
a share of all new vehicles) 

Efficiency Technology 2015 2030 2050 

Combustion improvements for engines: Level 1 76% 100% 100% 

Combustion improvements for engines: Level 2 20% 80% 0% 

Combustion improvements for engines: Level 3 0% 20% 100% 

Direct injection - homogeneous 38% 0% 0% 

Direct injection - stratified charge & lean burn 16% 90% 40% 

Thermodynamic cycle improvements 0% 10% 60% 

Cylinder deactivation 1% 0% 0% 

Mild downsizing (15% cylinder content reduction) + boost 53% 0% 0% 

Medium downsizing (30% cylinder content reduction) + boost 25% 80% 0% 

Strong downsizing (>=45% cylinder content reduction) + boost 3% 20% 100% 

Cooled low-pressure EGR 15% 80% 100% 

Cam-phasing 63% 0% 0% 

Variable valve actuation and lift 28% 100% 40% 

Engine friction reduction: Level 1 68% 0% 0% 

Engine friction reduction: Level 2 14% 100% 100% 

Start-stop system 38% 0% 0% 

Micro hybrid - start-stop, plus regenerative braking 18% 100% 100% 

Automated manual transmission (AMT) 4% 0% 0% 

Dual clutch transmission (DCT) 28% 90% 100% 

Continuously variable transmission (CVT) 2% 0% 0% 

Optimising gearbox ratios / downspeeding 46% 0% 0% 

Further optimisation of gearbox, increase gears from 6 to 8+ 17% 100% 100% 

Mild weight reduction (10% from the whole vehicle) 14% 20% 0% 

Medium weight reduction (20% from the whole vehicle) 7% 60% 0% 

Strong weight reduction (30% from the whole vehicle) 1% 20% 100% 

Aerodynamics improvement 1 (Cd reduced by 10%) 45% 20% 0% 

Aerodynamics improvement 2 (Cd reduced by 20%) 34% 80% 100% 

Low rolling resistance tyres 1 22% 0% 0% 

Low rolling resistance tyres 2 20% 100% 100% 

Reduced driveline friction 1 30% 0% 0% 

Reduced driveline friction 2 9% 100% 100% 

Low drag brakes 6% 40% 100% 

Thermal management 26% 80% 100% 

Thermo-electric waste heat recovery 0% 10% 30% 

Auxiliary (thermal) systems improvement 23% 100% 100% 

Auxiliary (other) systems improvement 14% 60% 100% 

                                                      
15 Ricardo-AEA: Improving understanding of technology and costs for CO2 reductions 
from cars and LCVs in the period to 2030 and development of cost curves (2015) 
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Table 3.3 Deployment of fuel efficient technologies in Medium Diesel ICEs over the period to 2050 (as 
a share of all new vehicles) 

Efficiency Technology 2015 2030 2050 

Combustion improvements for engines: Level 1 76% 100% 100% 

Combustion improvements for engines: Level 2 11% 80% 100% 

Combustion improvements for engines: Level 3 0% 20% 100% 

Mild downsizing (15% cylinder content reduction) + boost 53% 0% 0% 

Medium downsizing (30% cylinder content reduction) + boost 15% 80% 0% 

Strong downsizing (>=45% cylinder content reduction) + boost 3% 20% 100% 

Cooled low-pressure EGR 14% 100% 100% 

Variable valve actuation and lift 9% 60% 100% 

Engine friction reduction: Level 1 68% 0% 0% 

Engine friction reduction: Level 2 14% 100% 100% 

Start-stop system 47% 0% 0% 

Micro hybrid - start-stop, plus regenerative braking 22% 100% 100% 

Automated manual transmission (AMT) 4% 0% 0% 

Dual clutch transmission (DCT) 23% 70% 100% 

Continuously variable transmission (CVT) 1% 0% 0% 

Optimising gearbox ratios / downspeeding 62% 0% 0% 

Further optimisation of gearbox, increase gears from 6 to 8+ 17% 100% 100% 

Mild weight reduction (10% from the whole vehicle) 14% 20% 0% 

Medium weight reduction (20% from the whole vehicle) 7% 60% 0% 

Strong weight reduction (30% from the whole vehicle) 1% 20% 100% 

Aerodynamics improvement 1 (Cd reduced by 10%) 41% 20% 0% 

Aerodynamics improvement 2 (Cd reduced by 20%) 35% 80% 100% 

Low rolling resistance tyres 1 24% 0% 0% 

Low rolling resistance tyres 2 26% 100% 100% 

Reduced driveline friction 1 40% 0% 0% 

Reduced driveline friction 2 9% 100% 100% 

Low drag brakes 6% 40% 100% 

Thermal management 21% 80% 100% 

Thermo-electric waste heat recovery 0% 10% 30% 

Auxiliary (thermal) systems improvement 23% 100% 100% 

Auxiliary (other) systems improvement 14% 60% 100% 

 
In summary this encompasses an assumption around the hybridisation of ICE 
vehicles in the three TECH scenarios. Under our definition of an ICE, 
hybridisation is limited to micro-hybrids (MHEV) with 48V electrical systems, 
start-stop technology and regenerative braking. In 2020, these hybridisation 
technologies are assumed to have been deployed across ~60% of new ICE 
cars, and 100% by 2030 as shown in Figure 3.1. 
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Figure 3.1 Hybridisation of ICE vehicles in the three TECH Scenarios 

 

3.3 Vehicle costs 

Table 3.4 shows the cost assumptions for a medium-sized vehicle of each 
powertrain, reflecting the implementation cost outlined in Section 3.2. 

Table 3.4 Key assumptions for a medium sized vehicle of each powertrain type in the TECH Scenario16 

Powertrain Fuel Attribute Unit 2020 2030 2050 

Internal 
combustion 
engine 

Petrol Price 2016EUR ϵ ноΣмот ϵ ноΣопо ϵ ноΣнлу 

Fuel consumption MJ/km 2.07 1.38 1.16 

Diesel Price 2016EUR ϵ нрΣлфт ϵ нрΣлрн ϵ нрΣтоф 

Fuel consumption MJ/km 1.67 1.12 0.88 

Hybrid 
electric 
vehicle 

Petrol Price 2016EUR ϵ нпΣлно ϵ нпΣлпл ϵ ноΣфрл 

Fuel consumption MJ/km 1.88 1.24 1.04 

Diesel Price 2016EUR ϵ нрΣфмп ϵ нрΣстн ϵ нсΣплм 

Fuel consumption MJ/km 1.56 1.04 0.82 

Plug-in hybrid 
electric 
vehicle 

Petrol / 
Electricity 

Price 2016EUR ϵ нсΣсст ϵ нрΣссу ϵ нрΣрру 

Fuel consumption MJ/km 0.54 0.26 0.21 

Elec. consumption MJ/km 0.38 0.34 0.30 

NEDC E-range km 60 80 80 

Diesel / 
Electricity 

Price 2016EUR ϵ нуΣоро ϵ нтΣпор ϵ нтΣоно 

Fuel consumption MJ/km 0.41 0.19 0.15 

Elec. consumption MJ/km 0.39 0.37 0.32 

NEDC E-range km 60 80 80 

Battery 
electric 
vehicle 

Electricity Price 2016EUR ϵ олΣнпп ϵ нуΣрру ϵ нтΣспм 

Elec. consumption MJ/km 0.62 0.51 0.44 

NEDC E-range km 500 630 710 

Fuel cell 
electric 
vehicle 

Hydrogen Price 2016EUR ϵ осΣтнт ϵ олΣтуу ϵ нтΣумф 

Fuel consumption MJ/km 0.91 0.77 0.68 

Note(s):  Costs include both cost of vehicle manufacturing and OEM and sales margins. OEM & Sales 
margins of 19%, 24%, and 29% are assumed for small, medium and large cars respectively. VAT 
is added in the E3ME model at the standard rate that applies in each Member States. Energy 
consumption figures shown are for real world driving, and for PHEVs include the share of 
driving carried out under electric power. Consumption is presented as MJ/km for consistency 
with the energy demand results and for comparison of the efficiency of vehicles with zero 
tailpipe emissions. 

                                                      
16 Element Energy modelling of cars powertrain cost and performance 
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3.4 Battery costs and range 

A key input to the modelling of EV cost is the battery pack size (kWh). There is 
currently considerable uncertainty about future battery pack sizes, as these 
will depend both on future reductions in battery costs and OEM design 
choices to balance vehicle driving ranges against cost, based on customer 
preferences. While the plug-in hybrid market shows a convergence for the 
electric driving range at around 50 km, the battery electric vehicle market 
shows greater diversity and speed of change. BEVs are beginning the 
transition from first generation vehicles such as the Nissan Leaf and VW Golf 
with driving ranges of 150-200 km to second generation models such as the 
Chevrolet Bolt and Tesla Model 3 and new entrants from German OEMs in the 
premium sector such as the Audi E-tron/Q8 and Porsche Mission E concepts. 
OEM statements suggest that medium size next generation BEVs will target 
driving ranges of 320 km or more, while large vehicles will have longer ranges 
of 500 km or more, similar to the Tesla Model S. In smaller segments, Renault 
has almost doubled the range of the B-segment Zoe (to 400km NEDC) by 
upgrading the battery pack size to c.40 kWh. Figure 3.2 plots the driving 
ranges of BEVs (past models and some of the announced models). It shows an 
overall upward trend, but a virtually constant range for small cars.   

 
Figure 3.2 Official driving range (km, NEDC) of battery electric vehicles introduced on the EU market 

(2010-2017) and announced (2018-2020). EE compilation of publicly available data. 

 
 
Taking these trends into consideration, Table 3.5 shows the proposed battery 
size assumptions for hybrid, plug-in hybrid and battery electric vehicles 
between 2020 and 2050. 

Given the costs of increasing BEV driving ranges through additional battery 
capacity, it is expected that OEMs will offer multiple battery configurations to 
allow customers to make a trade-off between vehicle price and range. This is 
already seen in the Nissan Leaf, where 24 kWh and the newer 30 kWh are 
ōƻǘƘ ƻƴ ǎŀƭŜΦ ¢ƻ ŀŎŎƻǳƴǘ ŦƻǊ ǘƘƛǎΣ ǿŜ ŀǎǎǳƳŜ ΨǎƘƻǊǘ-ǊŀƴƎŜΩ ŀƴŘ ΨƭƻƴƎ-ǊŀƴƎŜΩ 
versions of BEVs in the modelling. 

Beyond 2020, we have used different assumptions for PHEVs and BEVs on 
changes in battery capacity. For PHEVs, we assume that the electric range will 
be increased to 80 km (NEDC) by 2025 in order to provide approximately 50 
km of real world range. Beyond this point, it is assumed that OEMs maintain 
this electric driving range of 80 km, and decrease pack sizes over time as 
vehicle efficiency improvements lead to reductions in energy use per km. For 

Definitions 
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BEVs, we assume that pack sizes are held constant, and vehicle driving ranges 
increase over time as improvements in battery energy density reduce pack 
weight (currently over 400 kg for the 60 kWh pack in the Chevrolet Bolt) and 
vehicle-level efficiency improvements reduce energy consumption per 
kilometre. 

The battery sizes are intended to be representative, since in practice there are 
a wide range of options and specifications available to manufacturers, leading 
to a wide range of costs, performance and range. 

Table 3.5 Battery size assumptions 

Battery sizes (kWh) 

Powertrain Market 
segment 

2020 2030 2040 2050 

HEV Small 0.95 0.82 0.78 0.74 

HEV Medium 1.00 0.86 0.81 0.77 

HEV Large 1.27 1.11 1.05 1.00 

PHEV Small 4.47 4.51 4.25 4.03 

PHEV Medium 7.62 7.58 7.14 6.77 

PHEV Large 10.51 10.71 10.24 9.78 

BEV ς Short 
range 

Small 21.00 21.00 21.00 21.00 

BEV ς Short 
range 

Medium 28.00 28.00 28.00 28.00 

BEV ς Short 
range 

Large - - - - 

BEV ς Long 
range 

Small 45.00 45.00 45.00 45.00 

BEV ς Long 
range 

Medium 60.00 60.00 60.00 60.00 

BEV ς Long 
range 

Large 92.00 92.00 92.00 92.00 

 

The primary influence on plug-in vehicle cost and performance is battery 
technology, since other components such as electric motors are already well 
developed and have more limited potential for future improvements. There 
are four key areas of battery technology where breakthroughs are needed: 

¶ reducing the cost 

¶ increasing the specific energy (to improve vehicle range/performance for a 
given battery weight or reduce weight for a given battery kWh capacity) 

¶ improving usable operational lifetime 

¶ reducing recharging time, for example allowing rapid charging at 150 kW+ 
with no impact on battery state of health 

In the short to medium term, lithium ion battery technology is expected to 
form the principal basis of batteries for use in full HEVs and more advanced 

Costs and energy 
savings 
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plug-in vehicles (i.e. PHEVs, BEVs). Discussions with OEMs and cell suppliers 
have confirmed there is significant scope for innovation within lithium ion 
chemistries, such as increasing use of silicon in the anode, use of solid state 
electrolytes and improved packaging efficiency. In the medium term, lithium-
sulphur and lithium-air hold perhaps the most promise (up to five and ten 
times the energy density of lithium ion respectively in theory, twice and three 
times in practice at pack level), but these technologies are believed to be 
relevant only in 2030 and beyond, if key challenges such as short life are 
overcome. 

Two scenarios are proposed for the battery cost projections. The OEM 
announcement scenario is in line with OEM announcements and other 
publicŀǘƛƻƴǎΣ ŀƴŘ ŀ ƳƻǊŜ ŎƻƴǎŜǊǾŀǘƛǾŜ Ψ.ƻǘǘƻƳ-ǳǇ ƳƻŘŜƭ ǎŎŜƴŀǊƛƻΩ ƛǎ ōŀǎŜŘ ƻƴ 
a recent Element Energy study for BEUC (the European Consumer 
!ǎǎƻŎƛŀǘƛƻƴύΦ ¢Ƙŀǘ ǎǘǳŘȅ ŜƳǇƭƻȅŜŘ 9ƭŜƳŜƴǘ 9ƴŜǊƎȅΩǎ ŎƻƳǇƻƴŜƴǘ-level model 
of battery costs, which takes into account cell costs and performance 
developments over time, as well as packing costs such as thermal 
management, wiring harnesses, containers and the Battery Management 
System. The battery cost projections of each scenario are outlined in Figure 
3.3. 

Figure 3.3 .ŀǘǘŜǊȅ ǎȅǎǘŜƳ Ŏƻǎǘǎ όϵκƪ²Ƙύ ŦƻǊ ŀ ƭŀǊƎŜ ƭƻƴƎ-range BEV in both the 'Bottom up model' and 
'OEM announcement' scenarios 

 

wŜǎǳƭǘǎ ŦǊƻƳ ǘƘŜ 9ƭŜƳŜƴǘ 9ƴŜǊƎȅΩǎ ōŀǘǘŜǊȅ Ŏƻǎǘ ƳƻŘŜƭ ǎǳƎƎŜǎǘ ǎǘǊƻƴƎ 
reductions in battery costs between now and 2030, reaching a cost of 
ϵморκƪ²Ƙ ŦƻǊ ŀ ƭŀǊƎŜ όҔсл kWh) pack. This is based on materials and 
manufacturing costs plus a margin and does not account for short-term 
strategic pricing such as incurring losses in early deployments to build market 
share. These strategic pricing decisions could take place either at the OEMs or 
their suppliers, for example with cell manufacturers offering low prices to 
build market share and maximise throughput in new plants, or OEMs cross-
subsidising zero emission models with profits from conventional vehicles.  

The Element Energy costs projections are comparable to the projections made 
by battery experts AvƛŎŜƴƴŜΣ ǿƘƻ ŦƻǊŜŎŀǎǘ ŀ ǇŀŎƪ ƭŜǾŜƭ Ŏƻǎǘ ƻŦ ϵнслκƪ²Ƙ ŀƴŘ 

Bottom up model 
case 
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ϵнлрκƪ²Ƙ ƛƴ нлнл ŀƴŘ нлнр ǊŜǎǇŜŎǘƛǾŜƭȅ ŦƻǊ ŀ ол ƪ²Ƙ ǇŀŎƪ όǾǎΦ ϵнпфκƪ²Ƙ 
ŀƴŘ ϵмфуκƪ²Ƙ ƛƴ ǘƘŜ 9lement Energy cost estimates). 

Nonetheless, these estimates are seen as conservative compared to some 
cost projections recently published; they are therefore used for a high-cost 
case sensitivity test.  

The costs are an average taken from announcements from car OEMs, as well 
as publications by the ICCT (2016) and McKinsey (2017). We assume that 
ōŀǘǘŜǊȅ Ŏƻǎǘǎ ǊŜŀŎƘ ϵмолκƪ²Ƙ ŀǘ ŀ ǇŀŎƪ ƭŜǾŜƭ ōȅ нлнлΣ ŦŀƭƭƛƴƎ ǘƻ ϵфлκƪ²Ƙ ōȅ 
нлолΦ ¢Ƙƛǎ ƛǎ ŜǉǳƛǾŀƭŜƴǘ ǘƻ ŀŎƘƛŜǾƛƴƎ ǘƘŜ нлол ΨaƻŘŜƭƭŜŘ ŎƻǎǘǎΩ мл ȅŜŀǊǎ ŜŀǊƭȅΣ 
in 2020. Under this scenario, only long range BEVs are assumed to be sold 
since vehicles would be cost effective even with relatively large battery packs. 
The two cost scenarios are shown in Table 3.6 and Table 3.7. 

For comparison, OEM announcements include estimates from GM that the 
cost of the Chevrolet Bolt battery is $145/kWh at the cell level, equivalent to 
ϵмтрκƪ²Ƙ ŀǘ ŀ ǇŀŎƪ ƭŜǾŜƭ ŀǎǎǳƳƛƴƎ ǘƘŀǘ ǇŀŎƪƛƴƎ Ŏƻǎǘǎ ŀŘŘ оо҈ ǘƻ ǘƘŜ ŎŜƭƭ 
cost). GM also published a roadmap for cell costs suggesting that a cell cost of 
Ϸмллκƪ²Ƙ όϵфлκƪ²Ƙύ ƛǎ Ŝxpected by 2022. The most optimistic recent 
estimates suggest that battery packs from the Tesla Gigafactory could reach 
Ϸмнрκƪ²Ƙ ōȅ нлнл ŀǘ ŀ ǇŀŎƪ ƭŜǾŜƭ όϵммлκƪ²ƘΣ Ϸууκƪ²Ƙ ŎŜƭƭ Ŏƻǎǘ Ǉƭǳǎ 
$38/kWh for packing costs). Tesla itself expects a 33% reduction in cost from 
the approximately $250/kWh pack costs in the current Model S. 

Table 3.6 Battery system costs - OEM announcement case 

Battery system costs όϵκƪ²Ƙύ 

Powertrain Market segment 2020 2030 2040 2050 

HEV Small 490 326 256 222 

HEV Medium 490 326 256 222 

HEV Large 490 326 256 222 

PHEV Small 274 190 173 149 

PHEV Medium 274 190 173 149 

PHEV Large 274 190 173 149 

BEV ς Short Small 176 129 118 101 

BEV ς Short Medium 157 115 105 90 

BEV ς Short Large 135 90 82 70 

BEV ς Long Small 141 98 89 76 

BEV ς Long Medium 141 98 89 76 

BEV ς Long Large 135 90 82 70 

 

OEM 
announcement 
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In their 2016 EV technology assessment17, the ICCT estimates that OEMs 
ǇǊƻŘǳŎƛƴƎ ƛƴ ƘƛƎƘ ǾƻƭǳƳŜ ǿƛƭƭ ǊŜŀŎƘ ŀ ϵмор-160/kWh price range by 2020-
2023, ǿƘƛƭŜ h9aǎ ǇǊƻŘǳŎƛƴƎ ŀǘ ƭƻǿŜǊ ǎŎŀƭŜ ǿƻǳƭŘ ōŜ ƛƴ ǘƘŜ ϵмсл-200/kWh 
band. In the 2017 McKinsey report, battery pack costs are envisioned to fall 
ōŜƭƻǿ ǘƘŜ Ϸмллκƪ²Ƙ όϵфлκƪ²Ƙύ ǘƘǊŜǎƘƻƭŘ άōŜǘǿŜŜƴ нлнр ŀƴŘ нлолέ 

 
Table 3.7 Battery system costs - Bottom up model case 

.ŀǘǘŜǊȅ ǎȅǎǘŜƳ Ŏƻǎǘǎ όϵκƪ²Ƙύ 

Powertrain Market segment 2020 2030 2040 2050 

HEV Small 490 326 256 222 

HEV Medium 490 326 256 222 

HEV Large 490 326 256 222 

PHEV Small 438 295 217 160 

PHEV Medium 438 295 217 160 

PHEV Large 438 295 217 160 

BEV ς Short Small 279 194 143 106 

BEV ς Short Medium 249 173 127 94 

BEV ς Short Large 205 135 100 73 

BEV ς Long Small 224 146 108 80 

BEV ς Long Medium 224 146 108 80 

BEV ς Long Large 205 135 100 73 

 
The costs used in the scenario descriptions refer to relatively high capacity 
batteries used in BEVs. For PHEV, batteries cost more than BEV batteries, per 
kWh. This is because the power requirements place a proportionally larger 
demand on the smaller battery pack in a PHEV, so batteries with higher power 
are needed at a somewhat higher cost. 

The costs presented in Table 3.6 and Table 3.7 refer to both the battery and 
the battery system (or pack), but not the electric drive powertrain; costs for 
the latter are shown in Table 3.8 . The costs are therefore lower per kWh for a 
large battery than a small battery. In addition, PHEV and HEV batteries cost 
more than BEV batteries on a per kWh basis. This is due to the use of different 
chemistries to allow high current draws from a comparatively small battery, 
and the fact that fixed battery costs (e.g. thermal management, BMS) are 
spread over fewer kilowatt-hours of capacity.  

 

                                                      
17 Assessment of Next-Generation Electric Vehicle Technologies, 2016, ICCT 

Note on pack 
cost across pack 

sizes 

https://www.theicct.org/sites/default/files/publications/Next%20Gen%20EV%20Tech_white-paper_ICCT_31102016.pdf
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Table 3.8 Electric powertrain costs (motor, inverter, booster) 

9ƭŜŎǘǊƛŎ ǇƻǿŜǊǘǊŀƛƴ Ŏƻǎǘǎ όϵύ 

Powertrain Market 
segment 

2020 2030 2040 2050 kW 

HEV Small 412 328 328 328 19 

HEV Medium 625 499 499 499 32 

HEV Large 748 597 597 597 39 

PHEV Small 541 432 432 432 27 

PHEV Medium 840 670 670 670 45 

PHEV Large 1937 1545 1545 1545 110 

BEV ς Short Small 1188 948 948 948 65 

BEV ς Short Medium 1914 1527 1527 1527 109 

BEV ς Short Large 2333 1861 1861 1861 134 

BEV ς Long Small 1188 948 948 948 65 

BEV ς Long Medium 1914 1527 1527 1527 109 

BEV ς Long Large 2333 1861 1861 1861 134 

 
The powertrain costs vary by approximately a factor of two between the 
powertrain required for a small HEV and a large BEV. These costs are based on 
the combination of kW assumptions (shown in the last column above) and the 
system cost (motor, inverter, boost converter) as used in R-AEA (2015), where 
ǘƘŜ Ŏƻǎǘ ƎƻŜǎ ŦǊƻƳ ŀ ŦƛȄŜŘ ϵуу ŀƴŘ ϵмсΦулκƪ² ƛƴ нлнл Řƻǿƴ ǘƻ ϵтл ŀƴŘ 
ϵмоΦплκƪ² ƛƴ нлолΦ  

Overall, the total battery system and powertrain costs are shown in Table 3.9 
for the total electric system and powertrain for each of the different market 
segments based on the derived battery size. 
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Table 3.9 Total cost of electric powertrain and battery 

Total cost of electric powertrain and battery (ϵ) 

Powertrain Market 
segment 

2020 2030 2040 2050 

HEV Small 833 553 464 424 

HEV Medium 1140 773 665 614 

HEV Large 1449 972 825 755 

PHEV Small 2462 1630 1400 1160 

PHEV Medium 3584 2382 2054 1711 

PHEV Large 6053 4113 3621 3107 

BEV ς Short Small 4888 3667 3420 3074 

BEV ς Short Medium 6314 4750 4458 4047 

BEV ς Short Large - - - - 

BEV ς Long Small 7547 5336 4938 4378 

BEV ς Long Medium 10393 7377 6847 6101 

BEV ς Long Large 14453 9964 9230 8196 

Note(s):  The cost difference between BEV and PHEV will be smaller than the battery cost difference, 
since a BEV system entirely displaces an ICE, whereas a PHEV only allows for a smaller ICE 
engine to support it, expect in the case of the large segment, where an overall higher kW is 
ŀǎǎǳƳŜŘΦ !ƴ L/9 Ƙŀǎ ŀ Ŏƻǎǘ ƻŦ ŀǊƻǳƴŘ ϵнΣллл ƛƴ ǘƘŜ ƳŜŘƛǳƳ ŎŀǘŜƎƻǊȅΦ 

 

In line with recent vehicle cost modelling for ECF and BEUC (2016), we apply 
State of Charge (SOC) assumptions (Table 3.10) to derive the useable energy 
of the battery. The expected range (Table 3.11) is then derived based on the 
test cycle efficiency of the vehicle (in all electric mode, under the Worldwide 
Harmonised Light Vehicles Test Procedure18).   

                                                      
18 The projected efficiency under the NEDC are converted to WLTP equivalent as per the 
conversion of each efficiency measure given in Ricardo-AEA (2015). Starting conversion 
factors for 2015 were sourced from ADAC EcoTest laboratory results. The difference in 
kWh/km between NEDC and WLTP is typically around 5%. 

Battery range 
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Table 3.10 Battery usable State of Charge (SOC) 

Battery usable SOC for electric range (%) 

Powertrain Market segment 2020 2030 2040 2050 

PHEV Small 70% 72% 74% 75% 

PHEV Medium 70% 72% 74% 75% 

PHEV Large 70% 72% 74% 75% 

BEV  Small 85% 90% 90% 90% 

BEV  Medium 85% 90% 90% 90% 

BEV  Large 85% 90% 90% 90% 

 

Table 3.11 Vehicle range in full electric mode 

All electric range (km ς WLTP) 

Powertrain Market segment 2020 2030 2040 2050 

PHEV Small 38 50 50 50 

PHEV Medium 60 80 80 80 

PHEV Large 60 80 80 80 

BEV ς Short Small 202 246 260 271 

BEV ς Short Medium 253 313 334 353 

      

BEV ς Long Small 352 468 495 517 

BEV ς Long Medium 451 609 647 679 

BEV ς Long Large 523 710 754 791 

 

The 2020 values in Table 3.11 reflect announced ranges of next generation 
models. For example, a Chevrolet Bolt or Tesla Model 3 with a range of 200 
miles on the US EPA test cycle would have a range of 460-480 km on the 
NEDC, since the NEDC gives an approximately 40-45% increase in range for a 
given vehicle19. Ranges continue to increase after 2020 due to improvements 
in energy use per km (from light-weighting, improved ancillaries, 
aerodynamics etc.). PHEV ranges increase modestly beyond 2020 for the same 
reason, but it is assumed that the majority of reduced energy consumption is 
used to reduce the pack size and cost, since a range of 40-60 km is already 
sufficient for a large proportion of daily driving. 

                                                      
19 For example, the NEDC range for the Nissan Leaf 30kWh is 155 miles, compared with 107 
on the EPA test. 
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3.5 Fuel cell vehicle assumptions 

The assumptions regarding FCEVs build on work carried out by Element 
Energy for several national hydrogen mobility initiatives, as well as the cross-
cutting Hydrogen Mobility Europe (H2ME) demonstration project funded by 
the Fuel Cells and Hydrogen Joint undertaking. They are based on aggregated 
and anonymised data provided by technology suppliers and vehicle 
manufacturers, data from real-world deployments and published data from 
the national hydrogen mobility initiatives and academic research.  

The two largest components influencing the costs of FCEVs are the fuel cell 
system and the high-pressure hydrogen tank. Future values for these costs are 
subject to significant uncertainty, since they depend greatly on improvements 
at a technology level (for example reducing the precious metal content in the 
stack) and substantial increases in manufacturing volumes. For current costs, 
representing very low production volumes, fuel cell costs of ϵ200/kW are 
assumed as a central estimate. Figure 3.4 shows the assumptions.  

Figure 3.4 Current and projected costs of fuel cell systems 

 
 
This is consistent with the 2010 values in the EU Powertrains study20, 
reflecting the fact that FCEV commercialisation is occurring approximately five 
years later than assumed in that analysis. Recent discussions with fuel cell 
vehicle OEMs suggest that these costs reflect likely industry trends once this 
five-year delay is accounted for. A cost of ϵ200/kW implies a system cost of 
ϵ20,000 for a 100 kW system. This is broadly consistent with the retail price of 
the Toyota Mirai (approximately ϵ66,000 plus taxes), but it is not possible to 
derive directly the fuel cell cost based on the vehicle selling price since the 
margins for these initial vehicles are unknown. Given the very low sales of fuel 
cell vehicles before 2020, current fuel cell cost and margin assumptions have 
only a small impact on the economic modelling in the study. This uncertainty 
is lower by 2030 (when FCEVs are sufficiently numerous to have 
macroeconomic impacts), since the majority of OEMs have similar views on 

                                                      
20 FCH JU (2010): A Portfolio of Powertrains for Europe: A Fact-based Analysis 

Fuel cell system 
and hydrogen tank 
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long-term fuel cell costs and the margins will converge with those of 
conventional vehicles once high sales volumes are reached. 

In 2020 and beyond, significant cost reductions in fuel cell systems are 
expected due to technology improvements and increasing production 
volumes. Future assumptions are based on the EU Powertrains Study and the 
¦YΩǎ IȅŘǊƻƎŜƴ ¢ŜŎƘƴƻƭƻƎȅ LƴƴƻǾŀǘƛƻƴ bŜŜŘǎ !ǎǎŜǎǎƳŜƴǘ ό¢Lb!ύ ŎŀǊǊƛŜŘ ƻǳǘ 
by Element Energy and the Carbon Trust. These costs would result in a 100 kW 
fuel cell system costing ϵ5000-6000 by 2030. Figure 3.5 shows the expected 
cost progression of hydrogen tanks. These are based on the UK TINA and 
bilateral discussions with vehicle manufacturers. Like fuel cell costs, significant 
cost reductions are expected as manufacturing volumes increase, with a 
reduction ƻŦ ŀǘ ƭŜŀǎǘ рл҈ ǊŜƭŀǘƛǾŜ ǘƻ ǘƻŘŀȅΩǎ ǇǊƛŎŜǎ ōȅ нлолΦ 

 
Figure 3.5 Hydrogen tank cost projections for full power fuel cell electric passenger cars 

 
Low and high estimates of fuel cell and hydrogen tank trends (from the TINA) 
are also provided for use in sensitivity analysis, reflecting higher and lower 
sales volume assumptions from system manufacturers as shown in Figure 3.6. 
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Figure 3.6 Assumed growth in global automotive fuel cell systems (units per manufacturer per year) 

 

Fuel consumption assumptions were developed from the stated New 
European Drive Cycle (NEDC) range and hydrogen tank size of current 
generation FCEVs (for example the Hyundai IX-35). This gives a current fuel 
consumption of c.1.1 kg/100km for a large car, and 0.85 kg/100km for a 
medium car such as the Toyota Mirai. Fuel consumption is expected to 
decrease in future model generations, partly due to increasing fuel cell 
efficiency but also through efficiency savings at a vehicle level such as weight 
reduction or improved aerodynamics. Assumed fuel efficiency improvements 
are in line with those in the European Powertrains Study, and are equivalent 
to a 10% reduction per decade. The effect of non-fuel cell improvements (e.g. 
due to light-weighting or improved aerodynamics) is aligned with the 
assumptions for all other powertrains in this study. 

 
Figure 3.7 Fuel consumption assumptions for medium and large FCEVs (kg/100km) 

 

The FCEV driving range between refuelling events is currently around 600 km 
which is significantly higher than current generation electric vehicles. Range 
assumptions and the assumed motor and fuel cell powers are shown below in 
Figure 3.8. As fuel cell costs decrease and fuel efficiency improves, vehicle 

Hydrogen fuel 
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system power 

outputs 



Low-carbon cars in Europe: A socio-economic assessment 

 

39 Cambridge Econometrics 

manufacturers may choose to increase vehicle range, or reduce hydrogen 
tank sizes while keeping the range constant. This also applies to fuel cell and 
motor powers, where manufacturers can trade off increased power (and 
hence increased performance) with cost reduction for a given performance. 
These decisions will depend on perceived customer needs as well as 
technology progression. A similar trade-off exists for range-extended fuel cell 
vans, where the relative sizes of the battery and fuel cell stack can be 
optimised, based on the future rates of cost reduction in each technology. 

As a simplifying assumption, motor/fuel cell powers are assumed to remain 
constant throughout the study timeframe. This is consistent with 
manufacturers favouring cost reduction to improve total cost of ownership 
ǊŜƭŀǘƛǾŜ ǘƻ ŎƻƴǾŜƴǘƛƻƴŀƭ ǾŜƘƛŎƭŜǎΣ ǊŀǘƘŜǊ ǘƘŀƴ ΨǎǇŜƴŘƛƴƎΩ ǘŜŎƘƴƻƭƻƎȅ 
improvements on better performance. Fuel tank sizes are assumed to remain 
constant and therefore any fuel efficiency improvements result in an 
increased driving range. This increase in range is similar to a recent Hyundai 
prototype (800 km range), and also reflects the need to provide similar 
operating range to diesel cars and maintain an operational advantage 
compared with battery electric vehicles for long range duty cycles. 

 

Figure 3.8 Modelling assumptions for hydrogen vehicle range and power outputs of drive motors and 
fuel cell systems 

 

Hydrogen production for the transport sector is expected to be dominated by 
water electrolysers, steam methane reforming (SMR) and by-product from 
industrial processes (for example chloralkali plants). These sources form the 
basis of the production mix in this study. Other potential sources include 
waste or biomass gasification, or SMR with carbon capture and storage. These 
additional routes could potentially provide low cost, low carbon hydrogen, but 
are not yet technically or economically proven and have not been included in 
the cost assumptions below. 

Hydrogen production cost data was sourced from the UK Technology 
LƴƴƻǾŀǘƛƻƴ bŜŜŘǎ !ǎǎŜǎǎƳŜƴǘΣ ŀƴŘ 9ƭŜƳŜƴǘ 9ƴŜǊƎȅ ŀƴŘ 9п¢ŜŎƘΩǎ 
Development of Water Electrolysis in the European Union study. The capital 
and fixed operating costs per kg of hydrogen produced are shown in Figure 
3.9. SMR and by-product technologies are already mature, and so future cost 
reductions are assumed to be zero for this study. Current electrolyser costs 
are relatively high, driven by low manufacturing volumes and relative 

Hydrogen 
production 
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immaturity at the scale expected for hydrogen production (e.g. 500kg-5t/day). 
Compression, distribution and margin costs for SMR and by-product are 
specific to each supplier, the number of stations served and the geographical 
distribution of refuelling stations. Values for compression costs, distribution 
and margin are consistent with observed prices in funded demonstration 
projects (which also show significantly higher and lower costs) and were 
agreed by industry participants for the French En Route Pour un Transport 
Durable21 study.  

Figure 3.9 Capital costs, fixed operating costs and compression, distribution and margin costs in 
EUR/kg 

 

The total production costs from each production route are shown in Figure 
3.10. These costs include the feedstock costs assumptions for gas (ϵ30/MWh 
in 2015 rising to ϵ40/MWh by 2030) and electricity (ϵ107/MWh in 2015 rising 
to ϵ148/MWh in 2050). The results below show significantly higher costs for 
electrolyser hydrogen compared to SMR and by-product. This is due to the 
use of a standard electricity price in the baseline scenario that does not 
account for optimisation in terms of time of day usage or the provision of grid 
services. In some Member States such as France, electrolyser operators are 
ŀōƭŜ ǘƻ ŀŎŎŜǎǎ ŜƭŜŎǘǊƛŎƛǘȅ ǇǊƛŎŜǎ ƻŦ ŎΦ ϵсрκa²ƘΣ ǿƘƛŎƘ ƛǎ ǎǳŦŦƛŎƛŜƴǘƭȅ ƭƻǿ ǘƻ ōŜ 
competitive with hydrogen from SMR (once delivery costs for the latter are 
taken into account). The impact of lower electricity prices through optimised 
use of renewables in periods of low demand will be considered as a separate 
sensitivity, as this is a critical factor if electrolysers are to be competitive with 
other hydrogen sources in the future. The water electrolyser costs in Figure 
3.10 also include a revenue of ϵ1/kg from the provision of balancing services 
to the electricity grid. This is an indicative value based on discussions with RTE 
in France and the National Grid in the UK. 

                                                      
21 En Route Pour un Transport Durable, European Climate Foundation, 2016 

https://www.camecon.com/wp-content/uploads/2016/10/En-route-pour-un-transport-durable-summaire.pdf
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Figure 3.10 Total costs of hydrogen production. Note that this includes placeholder assumptions for 
gas and electricity costs which will continue to be refined during the study based on EU averages 

 

The hydrogen production mix in any given hydrogen market will be influenced 
by relative costs of each production source, customer demand (in terms of the 
carbon footprint of the hydrogen) and policies such as incentives for green 
hydrogen. The production mix already varies significantly between leading 
hydrogen markets in Europe. For example, most, if not all, of the first 100 
stations deployed by H2 Mobility Germany will use hydrogen from steam 
methane reforming or industrial by-product hydrogen delivered by truck. In 
contrast, most of the recent stations deployed in the UK under the EU-
Financed HyFIVE and H2ME projects are supplied by on-site water 
electrolysers. This is due in part to electrolysis specialists making significant 
investments in the UK (as they are in Scandinavia), but also due to the relative 
ease of guaranteeing hydrogen purity from electrolysers compared with SMR 
routes. The production mix used to calculate the CO2 footprint of hydrogen is 
shown in Figure 3.11, and shows a slight dominance of SMR-derived hydrogen 
in 2015, with equal quantities of electrolyser and SMR hydrogen beyond 2020. 
It should be noted that if the electrolyser market develops quickly, both in 
terms of technology cost reductions and the ability to provide grid services 
and take advantage of otherwise-curtailed renewable energy, green hydrogen 
could become the dominant production method during the 2020s. Grid 
services can potentially provide up to an additional ϵ80,000 per MW capacity 
per year and could prove to be a significant incentive to developing the 
electrolyser market. The production mix shown below in 2020 would deliver 
an approximately 50% well-to-wheel CO2 saving relative to an equivalent 
diesel car (assuming the electricity supplied to the water electrolysers is 
green). 

 
Figure 3.11 Assumed hydrogen production mix 
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3.6 Power sector assumptions 

The structure of the power sector and the renewable content of electricity 
generation has three important implications for the results of the study: 

¶ it determines the net environmental impact of electrification of the 
vehicle fleet 

¶ it determines the price of electricity that EV owners will be charged, which 
has implications for the Total Cost of Ownership (TCO) for an EV relative to 
a conventional ICE 

¶ it could affect net electricity system costs negatively (distribution costs 
and additional power requirements) or positively (through synergies 
between EV and the power grid) 

Our power sector projections are based on ǘƘŜ 9ǳǊƻǇŜŀƴ /ƻƳƳƛǎǎƛƻƴΩǎ 
PRIMES Reference Scenario 2016. Due to the difficulty in charging different 
electricity prices to EV users and other final consumers, the price of electricity 
paid by vehicle users is assumed to be the same to the rate paid by 
households. Figure 3.12 shows the evolution of average European household 
prices over the period to 2050. 

 

Figure 3.12 EU28 average electricity price, 2015 ǇǊƛŎŜǎ όϵκMWh) 
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4 LƴŦǊŀǎǘǊǳŎǘǳǊŜ ǊŜǉǳƛǊŜƳŜƴǘǎ 

This section describes the definition, costs, deployment of electric charging 
posts and deployment of hydrogen refuelling stations. It also provides a 
breakdown of our calculation for total infrastructure requirements.  

4.1 Definition and cost 

.ǳƛƭŘƛƴƎ ƻƴ ǘƘŜ ŘŜŦƛƴƛǘƛƻƴǎ ƛƳǇƭŜƳŜƴǘŜŘ ƛƴ ǘƘŜ ǇǊŜǾƛƻǳǎ CǳŜƭƭƛƴƎ 9ǳǊƻǇŜΩǎ 
Future study, updated with inputs from several industry stakeholders part of 
the Steering Committee as well as recent publications (e.g. the EC Transport 
infrastructure development report), we adopt the following definitions and 
costs for charging points.  

Table 4.1 represents the range of available charge points to end users and 
illustrates the characteristics and costs of charging posts. Within each 
ΨŀǊŎƘŜǘȅǇŜΩ ǘƘŜǊŜ ƛǎ ǎƛƎƴƛŦƛŎŀƴǘ ǾŀǊƛŀǘƛƻn in price and features. For the 
residential sector, the standard option is a wall box with a Type 2 connector 
and a charging rage of 3.7 kW (16 amp single phase) or 7.4 kW (32 amp), 
though some industry stakeholders believe the latter will make up the 
majority of residential wall boxes in the future. This solution is often offered 
through OEM dealerships either with an OEM-branded charging point or 
through a partnership with an independent provider. For example, BMW 
offers the Wallbox Pure (3.7 kW) and Wallbox Pro (7.4 kW) solutions for the 
i3. In some instances, consumers will choose not to install a wall box and 
simply charge their EVs from a standard socket to avoid paying capacity 
charges (this is the case in France). 

For residential sites with no access to a private driveway or garage, solutions 
are similar to a private domestic charge point with the addition of options for 
metering electricity and controlling access to authorised users. In the 
workplace, we consider that double socket ground-mounted charging posts 
will prevail in the short term, but these could be replaced in the market by 
(double or single socket) 11 kW accelerated recharging posts in the medium 
term.  

For public stations in public places such as on-street parking spaces, dedicated 
car parks and retail car parks, a rate of 11 kW or 22 kW is assumed. The 11 kW 
rate is predominant in some Member States such as the Netherlands and 
Germany, and reflects the transition to 11 kW on-board chargers observed 
among car OEMs. A 22 kW rate is not relevant to many cars today because 
few EV models are compatible with this rate but this could increase, with the 
development of on-board chargers that can handle 3 to 43 kW AC, such as 
those developed by Continental22. The installation rate of 22 kW charging 
posts has been quite high in some Member States, including France, Ireland 
and the UK. As the difference between 11 kW and 22 kW posts is not 
significant in terms of cost (both are based on a 3-phase connection, one at 16 
amp, one at 32 amp), the distinction is not made in ǘƘƛǎ ǎǘǳŘȅΩǎ modelling. An 

                                                      
22 https://www.continental-corporation.com/en/press/press-releases/allcharge-technology-
from-continental-makes-evs-fit -for-any-type-of-charging-station-63864   
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