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‘ Key facts

« Period: 01.01.2023 - 30.06.2026
« Budget: 4.2 Millionen €
« Funded by the Federal Ministry of Research, Technology and Space

Project partners

H2:iGlobal Z Fraunhofer

IEE

Associated partners
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‘ Motivation

PN Energy and climate crisis:
((@)) illustrated importance of achieving climate targets and
diversifying energy supply
- for this, a ramp up of the international hydrogen economy is crucial

For this ramp up two factors are elementary:
« Stable international partnerships

« Stable legal and financial framework

REGENSBURG
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‘ Motivation

Continent of Africa is facing major challanges:

Africa (UN)

'Y X 3.5 billion

'H'H‘ Population doubles by 2050

3 billion
2.5 billion
2 billion
1.5 billion
1 billion
500 million

0; T T T T T T T
2020 2030 2040 2050 2060 2070 2080 2090 2100

Data source: United Nations, World Population Prospects (2022) CCBY
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‘ Motivation
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Continent of Africa is facing major challanges:

m

Population doubles by 2050

Average GDP of 20009$ per capita
(global average: 10,5009%)

Average CO, per capita of 0.8 t
(advanced economies: 8 t)

»

The Final Question:
Not if net-zero by 2050 is possible, but how
with tenfold economic growth.

Institute for Energy Networks and Energy Storage | Anton Achhammer | H2Global meets Africa

REGENSBURG
. . ‘Qazar
United Arab Emlrates.
25t
M Africa
% B Asia .Brunei
S 20t W Europe Malta
-3 M North America °
2 B Oceania e . _United States
o
@ M South America Oman
‘€ 15t
o South Korea
o 1:4B ® o
% 600M e .
Qo Mongolia
; . .. ecJapan
é 10t Circles sized by China jussia °g o @ Netherlands-<
= Population Malaysia , °, United Kingdom
= (historical b 1%, (9
2 estimates) . ke ®
Q WUkraine : SILrkeys
O 5t & . OMQX]CQ .
H ° ea o,
. ® India . .&d.(geSIa o ' CostaRica
Mozambiqueg FEthiopiaee © Nigeria é. ‘
O t. ® ‘ [ 4 ® [ ]
$2,000 $5,000 $10,000 $20,000 $50,000 $100,000
GDP per capita
Data source: Global Carbon Budget (2023); Population based on various sources (2023); World Bank (2023)
OurWorldInData.org/co2-and-greenhouse-gas-emissions | CC BY
5



H2Global meets Africa

‘ Methodology

Goals:

. |dentify possible German-African
LG green hydrogen partnerships

Hibe

Evaluating specific H,/PtX value
and supply chains with energy

9 Bidirectional knowledge transfer
“T"  system modelling

market ramp up

Key project results will be

@l Develop measures to promote
! available open source

% Bundesministerium -
fir Forschung, Technologie ( ’ | |—|
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WP 10 (OTH)
Off-take markets for Africa
in Germany, EU and global
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‘ Following the Idea of Open Energy Modelling

The whole chain from raw data to modelling results should be open:

open data open data

I
Data Model formulation Result I

Raw data , and software Raw results . Interpretation
processing choice processing I|

[

’--

open data + free software - transparency + reproducibility
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Energy Transformation Pathways

Main Models:

« PyPSA-Earth
* PyPSA-Earth-Sec

N\

* PyPSA-Eur Loow

v 10.0 GW
Applisd Enecgy 541 (2029) 121096
Contents lists available at SdenceDirect Yy
Aoolicd & Check out . 1O0GW
pplied Energy
, PyPSA-Earth here:

journal homepage: www.elsevier.com/locata/apenergy ® 10.0 GW

PyPSA-Earth. A new global open energy system optimization model
demonstrated in Africa

Maximilian Parzen®*, Hazem Abdel-Khalek ", Ekaterina Fedotova ¢, Matin Mahmood ®,

Martha Maria Frysztacki ®, Johannes Hampp ¢, Lukas Franken®, Leon Schumm L L Open-(_‘ycle Gas
Fabian Neumann ¢, Davide Poli/, Aristides Kiprakis *, Davide Fioriti mm Oil
* University of Edirburgh, Isiste for Buergy Sycess, EH9 S0W Blinburgh, Urited Kinglom .
= Fraustufer Recaurch Isisein, for Energy Ifratrctures and Geotharmal Sysiems 16, Cotdus, Germany Emm Biomass
= Kummrvekeya 25 263, 145006, Odinsom, Mascens region, Fassia
 Jussuz-Liebig University Gisfen, Cenger for ingrmasional Developmene and Emvironmanl Recearch, Giefen, Germany B Coal
= Karlube Insdeee of Techrolagy, hsttne for Ausimeeion and Applied Informasics, 76344 Eqperpern Lol dbofen, Germary
 Urdersity of Pisa, Department of Eneryy, Syetams, Tavitory and Construcion Enginearivg, Largo Lucio Lazmiring, 5612 Fi: i n
# Departmert of Digital Tromsformation in Energy Systems, Incsinte of Energy Technology, Technische Universiit Bertin, Fokuled 1T, Brtanager 25 (TA E Combined-Cycle Gas
8), 18587 Berkin, Germany .o
"Reserch Cener am Brrgy Trvsricson and Seorsge (TENTS), Faculy of Beceicad and Informetion Technology, Universy of Agplid Scences (OTID) I Lignite
Regmsrg, Seybathsraze 2. 93063 Repershurg, Germany I
Nuclear
GRAPHICAL ABSTRACT Geothermal

Open data Open-source software  Open community  Open planning B Reservoir & Dam
v I C—— mm Offshore Wind (AC)
; : = i Check out Offshore Wind (DC)
o PyPSA-Earth-Sec here: mmm Onshore Wind
. Solar
Y - i - B Pumped Hydro Storage
Run of River
ARTICLE INFO ABSTRACT BN Hydrogen Storage
[r— e —— Macro-energy system modelling Is used by decision-makes to steer the global energy transition towards an Battery Storage

affordable, suzainable and reliable furure. Closad-source models are the cument standard for most policy and
industry decisions. However, open modek have proven to be competitive slternatives that promote science,
robust technical analysis, collaboration and wansparent policy decidon-making. Yet, two lsues slow the
‘adoption: open models are often designed with particular geographic scope in mind, thus hindering synergies

Fowords:
Macrs energy syems
Optimization

N

LSS S S S S S S S S S S S S S S SSSSSSSSSSSSS

OpenStr=stMap from collaborating, or are based on low spatially resolved data, limiting their use. Here we introduce PyPSA-
PyPSAEarth Earth, an open-souree global epergy sysem model with data in high spatial and temporal resolution. It enables . B . B - -
it lorge-sesle cellabomstion by providing = ol tht can medel he world' energy system or any subset af it. The Quelle: Erstellt mit PyPSA-Earth und https://github.com/pypsa-meets-earth/documentation/blob/main/
PyPSAmees Farth model is suitable for operational as well as combined generation, storage and transmission expansion studies.

In this study, the novel power system capabilities of PyPSA-Earth are highlightsd and demonstrated. The
model provides two main features: (1) customizable data extraction and preparation with global coverage
and (2) 2 PyPSA energy modelling framework inegrarion. The data includes dlectricity demand, generation

Froatd thitenfae sEelée da NEnearies atmk Emet din Stgiraspee dreonMatbhahaohiearhbhi2G o2 ChobatsideitaAfrica

notebooks/viz/regional_transm_system_viz.ipynb
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Model coupling Africa/Europe

B H2 Electrolysis H2 pipeline (total)
LoGw B H?2 Fuel Cell B H2 pipeline (repurposed)
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Quelle: Erstellt mit PyPSA-Earth und https://github.com/pypsa-meets- Quelle: Neumann, Fabian; Zeyen, Elisabeth; Victoria, Marta; Brown, Tom (2022): Benefits of a Hydrogen

Network in Europe
earth/documentation/blob/main/notebooks/viz/regional_transm_system_viz.ipynb P
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‘ Results
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‘ Scenario definition

Overview scenario design

Scope

Methodology

Goal

Comparability

\

All single countries
in Africa

b _/‘/

--> model.energy

Cost and quantity
of hydrogen
(+derivatives) for
every African
country

very high

=
N\
Single countries
Scenario A Scenario B J
PyPSA PyPSA
EMPRISE EMPRISE
How much can Adress local
be exported, at needs (country-
what costs under specific)
transformation
scenarios?
very high low
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Initial results

Marginal price for H2 at export port in 2050

Per country and H2 export volume in €/MWh_H2_LHV
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Country stories - Sneek peak
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‘ Country stories - Sneek peak

Source:: KenGen 2022.
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Additional 3.3 GW
geothermal plant
in Great Rift Valley

Cheapest source

of energy

Potential use of the
Great Rift Valley:

4.3 out of 10 GW

Preliminary results 1s
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Country stories - Sneek peak
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‘ Contact us!

Anton Achhammer
+ 49 — (0) 941 — 943 9344

anton.achhammer@oth-regensburg.de
in/anton-achhammer

CONTACT

Leon Schumm
+ 49 — (0) 941 — 943 9344
leon1.schumm@oth-regensburg.de

Prof. Dr.-Ing. Michael Sterner
+ 49 — (0) 941 — 943 9888
michael.sterner@oth-regensburg.de

in/michael-sterner-b03125258

www.fenes.net

www.linkedin.com/company/fenesoth/
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