nergy
conomics
roup

Possibilities for the Decarbonization of the
Transport Sector with Electricity and
Hydrogen

Amela Ajanovic
Energy Economics Group
Vienna University of Technology

Salzburg - REFORM Group Meeting 2018



roup

‘gm Contents

1. Introduction
2. Policies and targets

3. Clean energy and renewable fuels
» Electricity
» Hydrogen

4. Conclusions



nergy
lgfo”;;,mfcs Transport sector

e 93%
oil products' share of final energy consumption

for transport, making the sector the least-

d . . f - d Venezuela Nigeria
|Ve rS I I e United States Libya 4%\ 3% Saudi Arabia
5% \ 5%__

Russia
0% ‘_ Countries with largest

conventional oil
reserves

e 28% e
the amount that transport energy and COZ2
emissions have increased since 2000



onomics

%nergy World total final consumption
e by fuel (Mtoe)

9 384 Mtoe

10000

o

4 661 Mtoe

4000

2000

0
1971 1975 1380 1985 1990 1995 2000 2005 2010 2015

B Ccoal I Natural gas
B Biofuels and waste I Electricity L Other

IEA,2017



onomics

%nergy Total final consumption
roup by sector: O|| (Mtoe)

4500
4000
3500
3000
2500
2000
1500
1000

500

0
1971 1975 1980 1985 1940 1995 200 2005 210 215

B Industry B Aviation [] Road [ ] Rail
L] Navigation B Residential ] Other B Non-energy use

IEA,2017



/

é’é’»ﬁ’é%cs 1973 and 2015 shares of world oil TU

roup _
Consumptlon

WIEN

1973 2015

Rad 0.8%

3 840 Mtoe

IEA,2017



onomics

énergy Final energy consumption by sector
roup in the EU

Year 2015

Agriculture
2.3%

Industry
25.3%

Households
and
sServices,
etc.

39.3% Transport

33.1%



onomics

‘é_-'cnergy Final energy consumption by sector
roup 2015 in the EU

Consumption
in pipeline
transport, etc.
1%

Domestic E U '28

navigation
1%

Railways
2%



‘gm GHG
roup

Greenhouse Gas Emissions(GHG) by Sector: EU-28 (Shares
of Total Emissions: 2015)
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Paris Declaration on Electro-Mobility and Climate
Change & Call to Action:

e more than 100 million EVs

e 400 million two and three-wheelers



conomics

‘gnergyWorld total final electricity consumption TU
roup by sector WHIEN

8 £ 88 8 8 8

Electricity consumption (Mtoe)

8

Industry Residental Commercial& | Transport Other
public services

o

W 1973 m2015
440 Mtoe —1737 Mtoe



nergy . .
Conomics Electric vehicles

Symbols: ' ICE G . COBattery Generator D Electric motor
<> Power converter Jmnl Fuel cell DHZ-Tank | Transmission

‘Fossil fuel © 7 Electricity ‘ Hydrogen




nergy

Conomics Electric vehicles
12000000
10000000 /’
8000000
-
L&
o]
% 6000000
s
Ll
4000000
2000000
: : : 1.26 milion
0

1997 1999 2001 2003 2005 2007 2009 2011 2013 2015

—4—HEV -#-FCV —/—BEV, REX, PHEV

Development of the global stock of EVs



nergy
conomics

roup

Electric vehicles

2500

]
o
o
o

1500

1000

Electric car stock (thousands)

500
0 I I [ | | |
2010 2011 2012 2013 2014 2015 2016
B Canada China B France B Germany B India
Japan Korea B Netherlands B Norway B Sweden

B United Kingdom m United States Others

Development of the global stock of rechargeable EVs




[gﬁﬁ’%cs Economic aspects

roup

PHEV

) o
0 20 4

m Capital costs O&M costs mFuel costs

0 60 80 100
EUR/100km

Total costs of service mobility of various types of EV in comparison to ICE cars



nergy .
lggonua,mfcs Fuel cell vehicles

1% 3%

Glider
39%
B Fuel cell system
H2 tank

W Battery

M Electric motor and
power control

Structure of investment costs of fuel cell vehicles



nergy

lgcpon;;,mfcs Technological learning — Fuel cell

400

350 -

300 -

250 -

USD/kW
ed
S

150 -

2015 2030 2050

W Fuel cell system (80kW)

Development of the costs of the fuel cell system



nergy

lgpon;;,mfcs Technological learning — Battery

1200

1000  mo

600
400 - ~~<2 300
200 I

0 -

2010 2011 2012 2013 2014 2015 2016

Battery price (S/kWh)




‘gg%%cs Scenario for development of
roup Investment costs

140000
'\ (Power: 80 kW)
120000 -—‘
10000Q F CV
8000( -

EUR/car

GOOOT

4000C

20000\

2010 2015 2020 2025 2030 2035 2040 2045 2030

—e—(Gasoline —a—Diesel Gasoline-Hybrid

—+—Diesel-Hybrid —Electric vehicles ~-Fuel cell vehicles



nergy

Conomics Costs of mobility — 2050

o |
o I R
R

20 40 60 80 100
EUR/100km

o_

m Capital costs O&M costs m Fuel costs



nergy
lgcﬁon;;,mfcs Monetary measures

The most commonly used monetary
measures are subsidies and exemptions (or
reductions) from:

» road taxes

»annual circulation tax
»company car tax
»registration tax

»fuel consumption tax
»congestion charges
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» wide avallability of charging stations,
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»EVs ...cost reductions, improvement of battery
characteristics as well as development of infrastructure

» New policy design....most of the policies implemented
will be abolished with the increasing number of EVs

» Full environmental benefit — only if EVs are powered by
electricity generated from renewable energy sources

»FCV ...long term
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