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HYDROGEN ECONOMY,
MOMENTUM FOR GREEN HYDROGEN
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FUEL OF THE FUTURE ?

1960 fuel cell development boosted by space programs
1970 first use of the phrase “hydrogen economy,” by General Motors (GM).
1973 fuel crisis gave a boost to scientific interest in hydrogen

- First cycle of interest in the hydrogen-based economy faded out in the mid-1980s
oil prices dropped back down to historical lows

- Return of interest in hydrogen energy, stimulated by the popular book :
Jeremy Rifkin, “The Hydrogen Economy,” 2002
concept of ‘Peak Oil’ moving slowly to a new gas based energy sources

- 2010 combination of economic crisis
success of lithium batteries ended the second cycle

9 JULICH
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HYDROGEN .
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HYDROGEN
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HYDROGEN
EMISSIONS

Industrial CO,; emissions Energy and emission intensities
Ammonia £ 90 30 =
> Other chemical 7 8
Other industry . ther chemicals -
8%, 10% ¢ .
&0 20
« Main production: f | .
- Natural gas L 896tCO; | 3 o 0
. . | Steel
- Coal in china 29% .
- Produced next to the use point . = o,
Cement Ammonia Methanol HVCs Steel  Cement
28% O Energy intensity # Emissions intensity (nght axis)

IEA (2021), Hydrogen, IEA, Paris

« Mainly produced from fossil fuels, resulting in close to 900Mt of CO,, emissions
per year.
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GREEN HYDROGEN

st (USD/kgH2)

Hyrogen production co

Current

Capacity factor
Electricity cost variation between
variation between 30 1500 and 4000 hours

Electrolyze cost
reduction of 80 %

and 70 USD/ MWh

o

production cost

Investment of USD 770/kilowatt (kW), efficiency of 65% (lower heating value — LHV), an
electricity price of USD 53/MWh, full load hours of 3200 (onshore wind)

Irena, Geopolitics of the Energy Transformation 2022
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GREEN HYDROGEN

Electricity cost is important
8
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With already 30 % of capacity factor, the cost of electricity dominate
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HYDROGEN DEMAND

Maturity of hydrogen solutions
(compared with other decarbonisation solutions)
N

HYDROGEN

ELECTRIFICATION

N

7%
Distributed applications Centralised applications

Irena, Geopolitics of the Energy Transformation 2022

IJ JULICH
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HYDROGEN DEMAND

WHAT MAKES SENSE

Most relevant application for green hydrogen use.
« Decarbonize current production:
« ammonia and methanol,
« upgrade refineries
« Still production is responsible of around 8 % of total emission:

 Direct iron reduction
« 20.45 Mt potential ( from 159 Mt in 2019)

l) JULICH
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HYDROGEN DEMAND

DIR

Capacity of DRI projects in Europe

M Capacity before 2030 W Added capacity by 2030

Bellona, Hydrogen in steel production, 2022

« 20.45 Mt potential ( from 159 Mt total in 2019)

Mitglied der Helmholtz-Gemeinschaft
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Grey hydrogen
Natural gas
Hydrogen from electrolysis

Natural gas -> hydrogen from
electrolysis

Hydrogen

Natural gas and hydrogen
Natural gas --> hydrogen from
electrolysis

Hydrogen from electrolysis

Hydrogen likely from electrolysis

Natural gas

Hydrogen and natural gas -->
hydrogen from electrolysis

Hydrogen from electrolysis
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HYDROGEN DEMAND

AMMONIA AND NITROGEN « Ammonia

« H2 / NH3 storable shippable fuels
« Japan believe that green is too expensive:

Nitrogen demand by end use and scenario

500

- Need thermal plants

= * NH3 as fuels (shipping, industrial furnaces)
0 i  Chemical industry
200 S E « Aviation (however need for short term

decarbonization)

100 ke N LD AR e A
. B B e ]
2020 2030 2050 2030 2050 2030 2050 o :
‘ Baseline ‘ SDS ‘ NZE N Itrog e n

« However nitrogen fertilizers are to pick than

E i : isti - . . .
r ST Existing uses: decline (ecosystems, zero growth policy in
Maritime fuel Fertilisers Ch|na/ Ind|a

Ureabased gy « Combining with the production of biofuels and

synthetic fuels

IEA (2021), Hydrogen, IEA, Paris ‘ oo
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HYDROGEN DEMAND

Maturity of hydrogen solutions
(compared with other decarbonisation solutions)
N

HYDROGEN

ELECTRIFICATION

N

7%
Distributed applications Centralised applications

Irena, Geopolitics of the Energy Transformation 2022
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DEMAND IN EU

Urban vehicles

- Urban vehicles is as
Important as heavy
truck

- Decarbonization of
production (chemicals
and refineries) along
seasonal storage are
the main hydrogen
use focuses

HyResource, Policy international, 2022
Intereconomics, Green Hydrogen in Europe, 2021

Mitglied der Helmholtz-Gemeinschaft 12 November 2019

Country  Heavy truck Aviation SLEECIL] Maritime
storage
Austria
Belgium
Bulgaria
Croatia
Cyprus
Czechia
Denmark
Estonia
Finland
France
Germany
Greece
Hungary
Ireland
Italy
Latvia
Lithuania
Luxembourg
Malta
Netherlands
Poland
Portugal
Romania
Slovakia
Slovenia
Spain
Sweden

)i
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NEED FOR IMPORT

EU-Europe
8453TWh

7258TWh

Mitglied der Helmholtz-Gemeinschaft

Hydrt

n-and offshore EU: 1914 TWh

Final Electricity

6000 TWh

=

[h]

Wind _ @
offshore EU: Direct use hydrogen: 4800 _E =
3000 TWh %E
D =3
£U: 400 TWh E=
w o

Storage

Hydrogen 2000 TWh

Electrolysis to Storage:

3556 TWh
2000 TWh
253 TWh 2131 TWh 171 TWh 356 TWh 800 TWh
Electricity Electrolysis Hydrogen Salt Fuel
transport losses transport cavern cell
losses losses losses losses
Dii Desert Energy, 2020
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NEED FOR IMPORT

Final hydrogen demand in EU by 2050

O IRENA EIEA CIETC W BNEF M Hydrogen Council
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BloombergNEF (2021), ETC (2021), Hydrogen council (2021), 9 demand scenarios
IRENA (2021), IEA (2021)
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AFRICAN COUNTRIES CASES STUDY

Potential to already low cost
Maximum hydrogen potential in TWh
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Costs by 2020

https://www.h2atlas.de/en/

5% of the Tech. Pot: 5,797 TWh
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AFRICAN COUNTRIES CASES STUDY

Sustainability risk

Sustainable water
available to maintain
normal exploitation
without adverse effects.

Take into account

potential recharge and
human and industrial use

Mitglied der Helmholtz-Gemeinschaft

Hydrogen potential with Sustainable groundwater in TWh
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12 November 2019
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AFRICAN COUNTRIES CASES STUDY

Sustainability risk Hydrogen potential with Sustainable groundwater in TWh

Togo

Sierra Leone

I 0000

R
Sustainable water serer
avaiable to maintain e ———————————
normal exploitation v |
without adverse effects. e

Guinea Bissau

Take into account

Guinea
potential recharge and chons
human and industrial use cambia

Cote d Ivoire

Burkina Faso

Benin
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
B Using sustainable groundwater B Unavailable or unsustainable production
&) JULICH
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AFRICAN COUNTRIES CASES STUDY

Sustainabil Ity risk Water consumption of hydrogen in 2050 compared with selected sectors today (billion cubic metres)

- Hydrogen would reduce
the Cost of desalination water

- however environmental

Impact should be carefully
assessed 2 769 m*

- Hardly would benefit to 768
Increase potential

464 m* 34.7 24.8 ¢

- é
W

Agriculture Industrial

Source: Blanco (2021).
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Municipal Desalination Hydrogen
production production
(2018) (2050)
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AFRICAN COUNTRIES CASES STUDY

Sustainability risk

Hydrogen potential with desanlinated water in TWh

Togo
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Hydrogen would .redl.'lce Niigeriaa |
the Cost of desalination water Niger
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. Liberia B
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D |
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increase potential =
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B Using desalinated water B Unavailable or unsustainable production

B Sustainable groundwater
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AFRICAN COUNTRIES CASES STUDY

Bambara inter-communal rivalry
LEVEL 4

Conflict risk

Bl | EVELS5 _war

B LEVEL4 limited_war
I Multiple violant crisis LEVEL 2-3
0 recent LEVEL3_violent_crisis
Isolated violant crisis LEVEL 1

Casamance separatist ™
peace agreement 2007

LEVEL 1
JAS-Boko Haram
LEVEL 5
Based only on historical events from HIIK, 2020 Western Togoland 2020 LEVEL 3 .o
l) JULICH
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AFRICAN COUNTRIES CASES STUDY

Conflict risk

Nigeria and Mali are
mainly impacted

Senegal with highest
potential to risk zones

Mitglied der Helmholtz-Gemeinschaft
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Hydrogen potential with desanlinated water in TWh

B

N

s ——
L

Niger
Mali

Liberia
Guinea Bissau
Guinea
Ghana
Gambia

Cote d Ivoire
Burkina Faso
Benin

1

L

I

[ I

1
BB

BN
e

0 1,000 2,000 3,000 4,000 5,000 6,000 7,000

Niger
Mali

B Low risk and sustainable areas ™ Risk areas B Unavailable or unsustainable production

o o T —
O OO

0 10,000 20,000 30,000 40,000 50,000 60,000 70,000

12 November 2019

Seite 23

Forschungszentrum

l) JULICH



AFRICAN COUNTRIES CASES STUDY

Conflict risk Hydrogen potential without conflict risk in TWh
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AFRICAN COUNTRIES CASES STUDY

Social risk

®m More than 50% of Energy for Hydrogen Hydrogen Export mElectricity Access
m Less than 50%

Less than 50% of new Renewable Energy should be used for Hydrogen Production/Export

Based on surveys with WASCAL partners

l) JULICH
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AFRICAN COUNTRIES CASES STUDY

Social risk

# Rural OUrban

= Near local cummunities

‘ OFar Basic L|ght|_ng
ONo Answer Further basic usage

_ _ m Improving daily Life
= Promote off-grid solutions

= Acceptance of RE

Based on surveys with WASCAL partners ‘ ’ J U LICH
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AFRICAN COUNTRIES CASES STUDY

Social risk

Indicative S oo
O
services @l

made ;
Tier 1
possible by Task lightning lir Tier 2
- + +
.SPeCIﬁed hone chargin BT i Light appliances
k|lowa’fts. of P or radiog ¢ + air circulation 9 pOp
electricity + television
LEVEL OF
TIER-1 TIER-2 TIER-3
ACCESS

Consumption

Bet Basic Lighting
Household 696 kWh Further basic usage

224 kWh ‘ : ilv Li
per Person 22 kWh e ] j = Improving daily Life

138 kWh/ household

Based on surveys with WASCAL partners " 4 ' JULICH
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AFRICAN COUNTRIES CASES STUDY

Local use

» High Interest in Domestic Hydrogen Use

—)

O Not Interested

Examples Domestic Hydrogen Use

Enerqgy security (e.g. Energy Storage)

Reduce dependency on traditional biofuel

Based on surveys with WASCAL partners

Mitglied der Helmholtz-Gemeinschaft

12 November 2019 Seite 28
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AFRICAN COUNTRIES CASES STUDY

Local use o 700000
2 800000
k=
>
5 700000
S
ags . . (7,
Fertilizer is mainly 600000
imported 500000
400000 -
] ) 300000
Ammonia (nitrogen) N
. . . 200000 [N
based fertilizers mainly in
. . 100000
use in Mali and Ghana I .
0 — - —_— — ||
Q N o) «@ -2 Q> > AN < 2 >
N P > 3 > & & 4 & A &
QF Qy;%\‘o \(@Q 68\40 (9,66‘ & & N é\ng & &
B Ammonium based fertilizers B Animal or vegetable fertilizers
Fertilizers, mixes, nes Nitrogen based fertilizers
H phosphate based fertilizers B Phosphatic based fertilzers
B Potassium based fertilizers B Urea fertilizers

Based on UNSD, Commodity trade statistics Database, 2022
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AFRICAN COUNTRIES CASES STUDY

Local use of electricity and green hydrogen

- Electricity and clean energy access is
based on a direct use of electrification to
promote universal access at a level of 696
kWh / household/ capita

- Fertilizers industry is based on hydrogen
content equivalent of different types

- Both usage are based on recent imports
and population counts

Mitglied der Helmholtz-Gemeinschaft 12 November 2019

Hydrogen potential with Sustainable groundwater in TWh
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AFRICAN COUNTRIES CASES STUDY

Local use of electricity and green hydrogen Hydrogen potential with local demand in TWh

Togo
Sierra Leone

Senegal

- Electricity and clean energy access is
based on a direct use of electrificationto | |
promote universal access at a level of 696 .,
kWh / household/ capita Liberia

Guinea Bissau

- Fertilizers industry is based on hydrogen ¢

content equivalent of different types erene
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- Both usage are based on recent Imports s.rinaraso
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CONCLUSION

Final green hydrogen import potential from 14 African countries Final hydrogen demand in EU by 2050

OIRENA B IEA O ETC M BNEF M Hydrogen Council
115,939 TWh 3000

Initial Maximum technical hydrogen potential 2500
R1 Unsustainable groundwater
R2  Conflict risk areas g 200 T
R3  Desalination F o
R4  Electricity and clean energy access ,'% 1500 T T e
R5  Fertilizers industry £ . |—
. . . (=]
Final Final Available for export 1000 — =
500
-87,340 0 .
- Transport risk
- Other industries: Cement
18122 “ aes 10 L - Energy policies conflicts
Initial R1 R2 R3 R4 R5 Final
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