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éponu%mfcs Energy system

....decarbonisation, energy efficiency, affordability and
reliability of the energy system.

...planning and operation of the energy system as a whole:
- multiple energy carriers (e.g. electricity, gas, heat)
- infrastructures

- consumption sectors (industry, buildings, transport)
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....energy security

...reduce energy import dependency
...reconsider material and energy supply chains
...energy resilience

...accelerate transition towards more sustainable energy
system
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A challenging European hydrogen vision
] Hyf;i mg;H --'““\‘
oriented

e Direct Hz production from renewables; 2050

- _O{\ ) de-carbonised Hz society
A | economy
b‘}é ¢n¢ .

3/
/ Q‘Odﬁ 4 Increasing de-carbonisation of Hz production; renewables,
[ e / fossil fuel with sequestration, new nuclear

-
R 2050

Widespread Hz pipeline infrastructure

/: use in aviation

2040 Fuel cells become dominant
technology in transport, in distributed
power generation, and in micre-applications

Interconnection of local Hz distribution grids; significant Hz
production from renewables, incl. biomass gasification

2020

H; produced from fossil fuels with C sequestration

Clusters of local Hz distribution grids 2030 H; prime fuel choice for FC vehidles

Significant growth in distributed power generation
with substantial penetration of FCs
Znd generation on-board storage (long range)

2020 Low-cost high-temperature fuel cell systems;

/ FCs commercial in micro-applications
FC vehicles competitive for passenger cars

SO systems atmospheric and hybrid commerdial (<100MW)

Local clusters of Hz filling stations, Hz
transport by read, and local Hz production
at refuelling station (reforming
and electrolysis)

Hz produced by refarming
natural gas and electralysis

First H; fleets (1st generation Ha storage)

2000 2010 Series production of FC vehicles for fleets (direct Hy and on-board reforming) and
=y other transport (boats); FC for auxiliary power units {incl. reformer)

Fossil Y Stationary low-temperature fuel cell systems (PEM) {<300kW) ;f.---'_ "'\\
fuel-based / X '
aconom Stationary high-temperature fuel cell systems (MCFCSOFRD) (<500KW); y oﬁ’ &y lJ:l- \
y Hz ICEdeveloped; Demeanstration fleets of FC buses f (_..3 .@6‘ & x|
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Transport sector
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Agriculture,  Other Other
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1990=1 Greenhouse Gas Emissions (GHG)* by Sector: EU-27
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EU - the first climate-neutral continent by 2050

2030 climate & energy framework

Sustainable and Smart Mobility Strategy

t least 30 milli near rs,
40'32'32,5 B 2erz?:missir2n ganrs v:?lsl,)/bezjlls,gz :s
will be i ti w new
14% on Eueronpggrem rre(‘)aodns heeelllve;fdue’iy
vehicles will be
zero-emission.
2010 2020 2030 2050
ICE -50% in city No ICE in city
. 20% GHG 60% GHG
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EU-27 eeee Targetpath

Targets and average CO, emissions from new
passenger cars in EU countries

Transport White Paper
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https://ec.europa.eu/info/strategy/priorities-2019-2024/european-green-deal_en
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oun and bans on ICE vehicle sales

Costa Rica

Denmark ®

France

Iceland ¢

Ireland -

Israel* e

Netherlands -
‘ Norway °

Portugal

Slovenia e

Spain

Sri Lanka

United Kingdom

o ICE sales ban or 100% ZEV sales target

Fleet without ICEs
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Advantages

v Energy efficiency

/)
l]

BEV v' Energy security

v" Air pollution

v" Noise reduction

> 11 000 000
v" GHG emissions

> 51 600
% D _Q 100% electrification

FCV

E <> O Disadvantages

Iy ?\—Q — Costs

[
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— Infrastructure
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BEV FCV

« Costs -Refuelling time

* Infrastructure *Driving range

*Weight of energy storage

“Wnﬁl«nm '

» Fuel efficiency

*Environmental benefits s

Costs

BEV
advantages BEV

FCV
advantages

Range
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Honda Clarity Fuel Cell Hyundai ix35

Opel Vivaro-e HYDROGEN

Toyota MIRAI 1l Hyundai NEXO
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Rest of world: 6%

Germany: 3%

Japan: 13%

Korea: 38%

China: 16%

United States: 24%
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Crude oil, wood, Hydrogen, gasoline Heat, light, Warm and bright
coal, natural gas electricity, pellets, mechanical rooms , mobility
solar, hydro, nuclear district heat work

USEFUL
ENERGY

ENERGY
SERVICES

Losses final customer

PRIMARY SECONDARY
ENERGY ENERGY

Losses conversion

Losses exploration and transport
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il Electricity/
1% other
1%

Natural gas
71%




nergy

lgcﬁo”u%”‘”‘"s Colors of hydrogen

B Green H2

Oil

Coal

Natural gas ‘ Grey H2 ‘ Blue H2

With Carbon
Sequestration
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Ele. RES
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Botswana
~795gC0O, /kWh

Paraguay
~25gCO0O,/kWh

0gl0:ze 20gC0:e 100 gC0e 500 gC0:e
Mo data 10gC0e 50=C0:e 200 2C 0,
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Norway Sweden
~26gCO, /kWh ~45gCO0O, /kWh

Iceland

~29gCO, /kWh
Austria
~158gC0O, /kWh
Poland
~635gCO,/kWh
Czechia -
~415¢CO,/kWh
0gC0.e 20gC0,e 100 gCO.e 500 gC0.e

Mo data 10gC0;e 50gC0:e 200gC0:e
= | | [

Carbon intensity is measured in grams of carbon dioxide-equivalents emitted per kilowatt-hour of electricity.
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EU-27

35%

30%

25% Nuclear
Gas

20% ‘\\\\~\
15% \. Coal
/> Wind

‘7 Hydropower

10%

e

5% -

e gl

Other renewables
Solar

Ol

0% + -~ * * * t t T T
1985 1990 1995 2000 2005 2010 2015

Source: Our World in Data based on BP Statistical Review of World Energy & Ember

2021

OurWorldInData.org/energy « CC BY
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Electrolysis

Costs of hydrogen (cent/kWh)

20

15

10

reasonable cost range

7000

4000 5000
hoursfyear

- Average costs of electricity

1000 2000

—+—Capital costs =de=Total production costs
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| FEEL SO DIRTY !

BEV & FCV

Artist: Marian Kamensky
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Well-to-Wheel (WTW)

A
a N
Primary
energy - ———————- Hydrogen  )-—-—-—--—-- Mobility
source
| | !
|
|
. y
g AN
h'd Y

Well-to-Tank (WTT) Tank-to-Wheel (TTW)
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300 |
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50 I
0

ICE FCVRES FCV NG FCV Coal

WTWemissions (gCO2/km)
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The costs per km driven C, . are calculated as:

IC-«o C [€/100 km driven]
M
C., = + P, - FI +—°%
skm skm
IC...... investment costs [€/car]
(o PUUNN capital recovery factor
skm.....specific km driven per car per year [km/(car.yr)]
Pf........ fuel price incl. taxes [€/litre]

Cosn---Operating and maintenance costs
FI........ fuel intensity [litre/100 km]

A capital recovery factor (a) is the ratio of a constant annuity to the present value of
receiving that annuity for a given length of time. Using an interest rate (z), the capital
recovery factor is:

z(1+ ')
S

n..... the number of annuities received.
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cev N >
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Gasoline ICE

0 20 40 60 80
EUR/100 km

M Capital costs ™ O&M costs Fuel costs
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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
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400

350 +

300 -

250 ~

USD/kW
P
S

150 -

2015 2030 2050

B Fuel cell system (80kW)

Development of the costs of the fuel cell system

IEA
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140000

(Power: 80 kW)

120000 %—

10000(¢
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EUR/car
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4000C

20000\

2010 2015 2020 2025 2030 2035 2040 2045 2050

—+—Gasoline —=—Diesel Gasoline-Hybrid

——Diesel-Hybrid ——Electric vehicles «~Fuel cell vehicles
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» Major challenges of global energy system:
= sufficient and secure energy supply
* reduction of energy-related greenhouse gas
emissions

» Increase use of renewable energy sources

» How to cope with excess electricity from RES
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Integrating large shares of

renewable electricity

GW
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Monthly generation and demand
9000

EH
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Large-scale
\ energy storagg

Hours Days Weeks

Redox-flow- batteries e

Batteries

,-"'fa_l.;n_r;

. Super
capacito

Seconds Minutes

1000 MW

1kW
Power

© Siemens AG 2014 All rights reserved.
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Very low roundtrip efficiency for electricity!

n=27-38%

n =90% N=50-60% \
Compressor Combined cycle

N=60-70%

Electrolyser




nergy

lggon;;,mfcs Hydrogen: storage and fuel

Compressor

Electrolyser

Energy supply chains: Storage and/or use of RES for mobility
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Customers will not buy vehicles
until they are cost competitive
and fuel is widely available

Fuel cells will not be cost
competitive until they are mass
produced

Fuel providers may not provide fuel
widely until fuel cell vehicles are
widely available

CM may not mass produce fuel
cell cars until the fuel is widely
available and customer willing
to buy vehicles

The transition to a hydrogen economy is complex

CM-Car Manufacturer
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73% of all electric cars are sold in just
4 countries (with some of the highest GDPs)

Electric cars < 3% of total sales
= average GDP < €17,000

Electric cars > 15% of total sales
= average GDP > €46,000

0% 2% 5% 10% 15% 20%  35%

Market share 2020
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70% of all charging points:
Located in just 3 EU countries

29.7% Netherlands 20.4% France
19.9% Germany

0 500 1k sk 10k 35k SO0k

Number of charging points
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Policy framework

Targets and long-
term vision

Standards,
regulations, Demand creation
coordinated actions

Policy framework

R&D .
’ Investment risk

Demonstration mitigation
projects
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Hydrogen production (Million tonnes)

900
800
700 R
600 — I .
500 e N —
400 — —
300 _ B Grey hydrogen
200 _ P Blue hydrogen
100 I I _ [l Green hydrogen
0 . . Electrolysis-based hydrogen

2020 2050 2050 2050 2050 2050

.
‘ 0 12, 13« 18- 22} 22} [. Percent of final energy demand ]

IEA

IRENA
Met Zero Scenario

production
1.5°C scenario
decarbonisation
only scenario

Current hydrogen
ETC Supply-side

BNEF Green Scenario
Hydrogen Council

Sources: BloombergNEF (2021a); ETC (2021); Hydrogen Council (2021); IRENA (2021a); IEA, (2021a).



S —
%ﬁ’o”fp’”’“ Hydrogen policy priorites 1L

HYDROGEN

ELECTRIFICATION

IRENA


Presenter-Notizen
Präsentationsnotizen
1


nergy

oup Announced targets for FCV

PAVELY [ Hydrogen Council vision: 10-15m cars; 0.5 m trucks J
California China Germany lapan Korea
1 m FCVs; 1000 HRS 1 m FCVs 1000 HRS 0.8 m FCVs; 6.3 m FCVs;
: 300 HRS 520 HRS

[ Hydrogen Council vision: 400 m cars; 15-20 m trucks, 5 m buses
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Hydrogen ~3,700 hydrogen refueling station by 2030
Infrastructure
Support for a fleet of 3.7 million fuel cell passenger vehicles
passenger vehicles
Support for : 500,000 fue! § 45,000 fuel Fuel cell trains replace 570
commercial vehicles 1 cell light commercial g cell trucks diesel trains
vehicles on road B and buses
projected
to be on the

road
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5 = J o

More roads l ” Congestion l
lCongestion l E/Iore roa;s]
li’bre car:]
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Car-oriented transport development

https://simotron.files.wordpress.com
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1 Uccupied b

Antomobile




nergy

lgcﬁonua,mfcs Towards Sustainable Mobility

Avoid

...unnecessary travel and reduce trip distances

....towards more sustainable modes

...transport practices and technologies

Improve
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Conclusions

Introduce individual
bonus/malus

E-mobility

Size dependent
registration tax Fuel cell cars

Improve Dbiofuels CO, based fuel tax

CO, standards
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Hydrogen can help to:

v Increase diversification of energy used in transport

v' Decarbonize different transport modes (incl. trucks,
ships, planes)

v' Enhance energy security

v Integrate more renewables, serving as storage and
providing flexibility to grid balance

Major challenges for hydrogen and FCV:.
— Economics

— Infrastructure

— Policies framework
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International Journal of Hydrogen Energy !,mgjgv.
Available online 4 March 2022 - @?f—
In Press, Corrected Proof () /

ELSEVIER

=1 Fuel Cells

FROM FUNDAMENTALS TO SYSTEMS

The economics and the environmental benignity
of different colors of hydrogen Review @ OpenAccess @ @

A Aamovic. = Economic and Environmental Prospects for Battery Electric- and
. Ajanovic ~ &, M. Sayer, R. Haas
Fuel Cell Vehicles: A Review®

A. Ajanovic B4, R. Haas

Energy

Volume 235, 15 November 2021, 121340

ELSEVIER

International Journal of Hydrogen Energy
Volume 46, Issue 16, 3 March 2021, Pages 10049-10058

Prospects and impediments for hydrogen fuel cell )
bUSCS ELSEVIER

A. Ajanovic & B, A. Glatt, R. Haas

Prospects and impediments for hydrogen and
fuel cell vehicles in the transport sector

A. Ajanovic® & &, R. Haas *&

ajanovic@eeg.tuwien.ac.at
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