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Introduction- Aim of the paper

• The White Paper on Transport (2011) set the objective of 
reducing CO2 emissions in the EU transport sector by 
60% in 2050 relative to 1990
▫ The regulation 443/2009 sets CO2 standards on new car 

sales per manufacturer: 95 gCO2/km in 2020
• What would be the effects in the EU car market if more 

optimistic targets were to be implemented beyond 2020?
• The aim of this paper is to explore more optimistic CO2 

standards in the medium (2025-2030) and long term 
(2050) for the EU
▫ We perform a model-based analysis using PRIMES-

TREMOVE, an energy economic model for transportation
▫ Three scenarios are quantified assuming a varying degree 

of optimism on the CO2 standards
▫ Policy conclusions are drawn, regarding the structure of the 

vehicle fleet, CO2 emissions and costs



Methodology: The PRIMES-TREMOVE 

transport model -1
• Project mobility (both passenger and freight) to the 

future for each EU Member States

• Simulate 
▫ choice of transport modes

▫ choice of transport technologies

▫ way of using transport equipment

• Calculate 
▫ energy consumption, emissions, costs from a user 

perspective

• Simulate impacts of a variety of policies and 
connect choices with infrastructure, regulations and 
market drivers in view of the uptake of alternative 
fuels and technologies 



Methodology: The PRIMES-TREMOVE 

transport model -2
• PRIMES-TREMOVE transport model features a modular approach:

▫ The demand module projects mobility by transport mode, regions and 
purpose

▫ The supply module defines the structure and the usage of the vehicle 
fleet to satisfy the demand

• Passenger cars are distinguished according to:
▫ size (small, medium, large) 
▫ technology/fuel: conventional ICE (petrol, diesel, LPG, CNG), full 

hybrids, Plug-in hybrids (PHEVs) (three electric range classes: 20km, 
40km, 80km), battery electric vehicles (BEVs) (also split by range 
autonomy) and hydrogen fuel cells

• New vehicle choice is based on discrete choice theory:
▫ decision influenced by costs, non-cost criteria, policies and regulations
▫ CO2 standards are implemented explicitly in the form of constraints: 

 Each vehicle technology is assigned a specific carbon emission value 
(zero for BEVs)

 The optimal mix of new vehicles respects on average the CO2 standard 
assumed



The Reference scenario: Outlook to 

2050
• A Reference scenario is quantified to allow comparison 

with the counterfactual policy scenarios
▫ The Reference scenario builds on current trends and does 

not assume a tightening of existing policies (carbon 
standards equal to 95 gCO2/km until 2050)

▫ Battery costs are assumed to go down  to about 300 
€/kWh; recharging infrastructure is assumed to develop in a 
timely manner 

• Gasoline and diesel remain the dominant energy carriers 
until 2050; the target of 95g CO2/km drives an increase 
of more efficient ICE technologies and a large scale 
introduction of hybrid vehicles

• The car market is in a transition phase during 2030-2050 
with a blend of conventional, hybrids, and electric 
vehicle technologies



Setting the policy scenarios

Evolution of CO2 standards in the policy 

scenarios

gCO2/km 2025 2030 2040 2050

Reference 95

Mild 92 85 70 50

Ambitious 82 70 50 40

• Two policy scenarios are 
quantified assuming continuously 
decreasing standards 
• The target of 95gCO2/ km in 

2020 is maintained
• The Ambitious scenario features 

optimistic targets, mainly beyond 
2030 

• The Mild scenario assumes the 
application of less strict standards 
than the Ambitious scenario;
• CO2 standards are 

implemented with a delay of 10 
years

• All other assumptions remain 
unchanged relative to the 
Reference scenario



Scenario results: Structure of the 

vehicle fleet
• PHEVs penetrate more easily 

than BEVs especially in the mid 

term; in the long term BEVs 

increase their market share due 

to the strengthening of the CO2 

standards

▫ PHEVs to BEVs ratio: 3:1 in 

2050

• Purchase costs are the most 

important factor in vehicle choice

▫ PHEVs are more appealing as 

they cost less than BEVs

▫ The high range autonomy of 

PHEVs does not entail range 

anxiety

• More optimistic CO2 standards 

are a market driver for the 

penetration of PHEVs and BEVs
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Scenario results: CO2 emissions
• Significant long term CO2 

emission reduction takes place
▫ 45% and 29% emission 

reduction by 2050 relative to 
Reference in the Ambitious 
and the Mild scenarios

• Cumulative CO2 emissions 
mitigated in the Ambitious 
scenario are more than double 
than in the Mild scenario

• The Ambitious scenario 
benefits from the high 
penetration of electricity 
substituting fossil based fuels

• Electricity represents 21% and 
11% of total energy demand in 
the Ambitious and the Mild 
scenarios by 2050 
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Comparison of costs
• Comparison of annual capital 

costs and fuel expenditures
• The share of fuel costs remains 

unchanged in the Reference 
scenario

• The introduction of electric 
vehicles implies a shift from fuel 
costs to capital costs 
▫ Electric vehicles capital intensive
▫ Cheaper use (significantly lower 

fuel costs)

• The Ambitious scenario is the 
most expensive

• Despite the significant gains in 
fuel expenditures, capital costs 
are still higher
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Mild 261 2,515 -2,253

Ambitious 802 4,023 -3,221



Policy implications: Market 

segmentation and the role of BEVs
• Battery electric vehicles penetrate at higher 

rates in the small car vehicle segment for urban 

mobility

▫ Small BEVs are more attractive and can 

match the market segment of commuters

• Small BEVs do not need large battery capacity;

▫ Their range can serve the “daily” urban 

commuting needs

▫ keep purchase costs down

• Recharging infrastructure is likely to expand 

easier in heavily populated and more profitable 

areas such as urban areas; less investment risk 

is involved

• Larger battery electric vehicles, despite their 

increased range autonomy are less appealing 

due to their high purchase cost

• For extra-urban driving other technologies or 

travelling options are more appealing
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Discussion and Conclusions - 1

• CO2 standards are a robust regulatory policy which can 
trigger large scale deployment of electric vehicles

• The target of 95 gCO2/km is a market driver for hybrids; 
more optimistic standards are required to achieve strong 
emission reduction by 2050

• CO2 standards at about 70 gCO2/km will trigger the 
uptake first of PHEVs and then BEVs; 50 gCO2/km will 
be met almost globally by PHEVs and BEVs

• Higher investment expenditures from the consumers are 
required; potential financial hurdles to several income 
classes
▫ However low fuel costs will make the use of car much more 

attractive

▫ Rebound effects in vehicle mobility are to be expected



Discussion and Conclusions - 2

• Are CO2 standards alone enough for delivering electrification in 

EU road transportation?

▫ CO2 standards are necessary but not sufficient; a successful 

market coordination is required among the

 automotive and infrastructure industry, 

 policy makers and 

 consumers 

• Market coordination will remove barriers such as the high cost of 

batteries, range issues of cars, the current lack of recharging 

infrastructure and low market acceptance of consumers

• Electrification of transport is likely to target specific market 

segments (e.g. smaller sized vehicle market, urban commuting 

trips) where market barriers are easier to overcome
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