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AFSIA

Africa Solar Industry Association

The Go-To platform for
everything solar in Africa

We aim at building the most complete information platform
for solar professionals and the wide public for any solar
activity happening throughout the continent.

We organize a multitude of events, content pieces and
centralize solar news to help ease and increase the access to
solar knowledge.

We assist our members with dedicated business support
services and tools such as proprietary databases about the
solar market and assist in their business development efforts.
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Prof. Dr. Ad van Wijk

Professor Future Energy Systems
Netherlands

=]
TUDelft

AFSIA

Africa Solar Industry Association

12 years as Professor 'Future Energy Systems' at TU
Delft.

Multiple award-winning entrepreneur and advisor in
sustainable energy. Dutch Entrepreneur of the Year
2007, Dutch Top Executive in 2008.

Most recent work focuses on the energy systems of
the future, especially on hydrogen and fuel cell cars.
Also working on ‘ "

PhD in Physics from Utrecht University, The
Netherlands


http://www.thegreenvillage.org/
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AFSIA Green Hydrogen in Africa E-conference
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Levelized Cost of Electricity Solar and Wind

Onshore wind Solar photovoltaic Offshore wind Concentrating solar power

2018 USD/kWh

Note: Each circle represents an individual project or an auction result where there was a single clearing price at auction

n H H n
The centre of the circle is the value for the cost of each project on the Y axis. The thick lines are the global weighted-average lRENA' Renewable power generatlon costs in 2018'
LCOE, or auction values, by year. For the LCOE data, the real WACC is 7.5% for OECD countries and China, and 10% for the rest https://www.lrena.org/

of the world. The band represents the fossil fuel-fired power generation cost range

"I:;U Delft Why Green Hydrogen? 11




Surface needed to produce all the world’s energy
556 EJ = 155.000 TWh

10% SOLAR AUSTRALIA 1.5% WIND PACIFIC OCEAN

A. van Wijk, E. van der Roest and J. Boere, Solar Power to the People, Nieuwegein-Utrecht: Allied Waters, 2017
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.Hydrogen, like electricity, is an energy carrier

Steam methane reforming
Auto-thermal reforming

Thermal Pyrolysis

Gasification

Underground coal gasification
Gasification

Plasma gasification
Super critical water gasification

Mature
Mature

First plant 2025

Mature

Projects exist
Near Maturity

First Plant 2023
First Plant 2023

H, + CO,
H, + CO,

H, + CO, + C

H, + CO,
H, + CO, + C

H, + CO,
H, + CH, + CO,

Grey or blue,
50-90% of CO, can be captured + stored

Turquoise, CO, emissions depend on the
source for electricity production

Brown or blue,

50-90% of CO,, can be captured + stored
Green

Negative CO, emissions possible
Green

Microbial Electrolysis Cell Laboratory H, + CH, Negative CO, emissions possible
Electrolysis
Alkaline Mature H, + O, Shades of grey to green depend on the
) source for electricity production
PEM Near Maturity H, + O,
SOEC Pilot Plants H, + O,
Photoelectrochemical Laboratory H, + O, Green
-
TU Delft Why Green Hydrogen? 13




. World Wide H, production and use

S sb Refining
Natural 69 Mt, H, )
gas 196 Mtoe of which <0.4 Mt H, produced with CCUS
of which <0.1 Mt H, produced with renewables Bemand
. forpure
Dedicated Salaey Ammonia hydrogen
production |
0.01 Mt H
(@F1W 75 Mtoe N 5 Transport
4 Mt H, i
er
oil 2 Mtoe
Electricity 2 Mtoe _
L Jother = Methanol
4 Mt H, Demand for
DRI hydrogen
48 Mt H, ™ mixed with
By-product [RORZLIEIRUERIL: other gases
(WGl . produced with PYRVIITI Other
renewables ~ eg. heat
The Future of Hydrogen (IEA 2019)
ig ?
TUDelft Why Green Hydrogen” 14



lHydrogen as global carbon free energy carrier

SOLAR RESOURCE MAP

PHOTOVOLTAIC POWER POTENTIAL @ wowosuworow  CESMAP - TR 1110 ReS0URCE @y worosawsrowe | ESMAP 227, i vorTEX

Long-term average of photovolaic power potential (PVOUT)
Daily totals: 20 24 28 32 36 40 b4 48 52 5.6 6.0 6.4

KWh/kWp
Yearly totals: 730 876 1022 1168 1314 1461 1607 1753 1899 2045 2191 2337

MAP. and prepared by Solargis. For more information and terms of use, please visit http://globalsolaratlas.info

Hydrogen is necessary to decarbonize hard to abate sectors
but even more important
Hydrogen will become the global carbon-free energy carrier to store and transport
cheap solar and wind electricity all over the world
"I:;U Delft Why Green Hydrogen? 15




Global hydrogen resources ucxinsy

o Demand centers

Natural gas resources
é for low-carbon
hydrogen production

Least - Most

Hydrogen Council/McKinsey&Company, Hydrogen Insights; A perspective on hydrogen investment, market development and cost competitiveness, February 2021
https:/ /hydrogencouncil.com/en/hydrogen-insights-2021

"IfU Delft Why Green Hydrogen? 16



https://hydrogencouncil.com/en/hydrogen-insights-2021/

Hydrogen produced from water with electricity
the process is called electrolysis

Cathode Anode
= Power

- -y

1 Supply 1

w— Ny W

Hydrogen
o ®

Hydrogen L
Bubbles

Oxygen
Bubbles

4H* + 4e” = 2H,
Cathode Reaction

2H,0 = O, + 4H* + 4e
Anode Reaction

20 MW alkaline electrolyser
ThyssenKrupp

"I:;U Delft Why Green Hydrogen?




Hydrogen production cost; LCoH
Energy cost are dominant factor!

Electricity price USD 40/MWh CAPEX USD 450/kW,
. 10 10
I
2
G 8 8 e |JSD 100/MWh
= e | JSD 650/kW,
UsD 80/MWh
6 ==|JSD 550/kW, &
| 15D 60/MWh
4 USD 450/kW, 4 UsD 40/MWh
—JSD 350/kW, UsD 20/MWh
2 USD 250/kW, > e | S D O/MWh
0 0
0 2000 4000 6000 8000 0 2000 4000 6000 8000
Full load hours Full load hours

MNotes: MWh = megawatt hour. Based on an electrolyser efficiency of 6% (LHV) and a discount rate of 8%.

Source: IEA 2019, All rights reserved.  (Efficiency 69% (LHV) = efficiency 81% (HHV))

The Future of Hydrogen (IEA 2019)

"I!U Delft Why Green Hydrogen? 18




Green Hydrogen cost competitive 2030

Green Hydrogen
uropean

Hydrogen Capex OPEX System Electricity Hydrogen
production by (€/kW) %/yr Capex Efficiency (4.000-5.000hr) (€/kg)
electrolysers* (HHV*¥) (€/MWHh)

2020-2025 300-600 1.5% 75-80% 25-50 1.5-3.0
2025-2030 250-500 1% 80-82% 15-30 1.0-2.0
Up to 2050 <200 <1% >82% 10-30 0.7-1.5

for a Europ: Green Deal
A 2x40 GW Initiative

*Hydrogen production cost for hydrogen delivered at 30 bar pressure and 99,99% purity
**HHV = Higher Heating Value

https://hydrogeneurope.eu/sites/default/files /Hydrogen%20Europe 2x40%20GW%20Green%20H2%20Initative%20Paper.pdf

"I:;U Delft Why Green Hydrogen? 19



https://hydrogeneurope.eu/sites/default/files/Hydrogen%20Europe_2x40%20GW%20Green%20H2%20Initative%20Paper.pdf

Hydrogen Transport by Ship

Organic Chemical Hydride (OCH) Technology J«:H
O Methylcyclohexane (MCH)

D
5“"39*/ Transportation Storage
i CHs -

Toluene © / :
S
Transportation

Fixing hydrogen to toluene produces MCH (SPERA Hydrogen) | [ Ex ydroge CH (SPERA Hydrogen)
3 3 CHs CHs
@ +3Hz —p O AH= -205KJ/mol O—!'/ @ +3H: AH= +205KJ/mol
Toluene MCH MCH Toluene

Liquid Ammonia LOHC

Hydrogen Liquid Organic
Hydrogen Carrier

"IfU Delft Why Green Hydrogen? 20
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N IRAN

26,500 square km (10,230 square mile) el
zone will be built on untouched land S
along Saudi Arabia’s Red Sea coastline

\ near Egypt and Jordan

Could lead the way in the use and
| production of drones, driverless cars
= and robotics

WI" serve as the gateway to the
| proposed King Salman Bridge, which
will link Egypt and Saudi Arabia

The city will focus on up-and-coming
industries such as biotech, digital
sciences, advanced manufacturing
and technology

YEMEN

! Leo Delauncey

NEOM City; Solar-Wind

Hydrogen

Ran Aday

5 Catherve

Fas Chavets a
e o

e
TUDelft
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NEOM, ACWA Power, Air Products

Moving forward .0

Carbon-free hydrogen
Produced and delivered with proven, world-class technology

* Announced 7 July 2020
* 5 billion dollar investment NEOM Hydrogen Refueling Station

Electrolyzer

» 2025 Operational ' " e

* 4 GW Solar, Wind, Storage o~ LN B

» Wind speed 10.3 m/s WE% ; _IE_ |mm ﬁ | j

* 650 ton Hydrogen per day 1l i ” o |

1.2 million ton Ammonia per year _h:m::l:a
= 7.5 TWh Ammonia

, —y Y

"I!U Delft Why Green Hydrogen? 22




Liquid hydrogen transport from
)
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Gas Infrastructure in Europe and from North-Africa
Gas pipeline capacity 10-20 GW, Electricity cable 1-2 GW
Gas transport about 10x cheaper than Electricity transport

Y & -

S

Fpd “‘w B
2P

& //" ,1 b

y mvl()k()_;(;ct/_\}

o B

e Trans-Saharan

s Trans-Mediterranean

LIBYA

7] e Greenstream

s Others

L \ i e ALGERIA
Gas Pipeline Infrastructure Europe Gas from North-Africa to Europe European Hydrogen Backbone
Transporting gas from gas fields at 60 GW Natural Gas Pipeline capacity 75% re-used gas pipelines
North Sea, Norway, Russia, Algeria, 2x0.7 GW Electricity Cable capacity 25% new hydrogen pipelines

Libya to European demand
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Hydrogen storage Salt formations and
in Salt Caverns caverns in Europa

dropower

age Wind farm Offshore

wind farm

AQUIFERS

Compressed air

- Hydrogen‘ .

SALT
CAVERNS

@ ® Ssalt formations

# Saltcaverns

L i
DEPLETED
RESERVOIRS

Malta 0 1000
I I I
km

1 salt cavern can contain up to 6,000 ton (= 236.4 GWh HHV) hydrogen, Salt Cavern CAPEX 100 million Euro
For comparison, with 100 Euro per kWh battery storage CAPEX, Total battery CAPEX would be 23.6 billion Euro

"IfU Delft Why Green Hydrogen? 25




Renewable hydrogen Algeria to Germany wcxins

Pipeline from Algeria to Central Europe, 2, 800km Costs, USD/kg

w— Pipeiines ~04 ~19

Ideally * retrofit
retrofitted 75

Ruhr area pipeline 25* new

~ Clean Subeea Onshore Cost st
production pipeline UANKMIS SO destination
pipeline

Hydrogen Council/McKinsey&Company, Hydrogen Insights; A perspective on hydrogen investment, market development and cost
competitiveness, February 2021 https://hydrogencouncil.com/en/hydrogen-insights-2021/

"I:;U Delft Why Green Hydrogen? 26
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Salt formations, wind speed and

solar irradiation in Morocco

ATLANTIC MOROCCO
MAJOR SALT TECTONIC DOMAINS

TOE-THRUST ZONE,

Direct Normal Irradiation Morocco
Tanger =gfTétouan
Lavaches @ 2 Nador
g Kenitra, m Fos o8
SALT-CORED FOLD TRENDS Rabatq* s es
ALLOCHTHONOUS SALT Casablancas* ’ . *Meknés. i
TONGUES, SHEETS AND CANOPIES £l todds o m;zK p 7 5

DIAPIRS, SALT WALLS
AND TURTLE STRUCTURES

RAFTS AND
ISOLATED DIAPIRS

}’ OUTLINE OF SALT STRUCTURES

BASED ON SEISMIC DATA
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Rk .
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GLOBAL WIND ATLAS
MEAN WIND SPEED MAP @ TR
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Average annual sum, period 1994-2010 0 100 200 km

Mean Wind Speed 100 m = [mds)
SolarGIS © 2013 GeoModel Solar
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Base load solar hydrogen Morocco to Germany

2 Sevilla Ecia ; ==
UE— o S * =8
<

u ~ Grarg;"da \
de Mar:

T, .

Base load solar H, LCoH €/kg H,
from Morocco to Germany

Assumptions

lar-Hvdr n Solar electricity cost = 0.01 €/kWh 1.
ol yd oge Full load hours = 2,000 hours/yr 0
prOdUCtlon Electrolyser efficiency = 50 kWh/kg H,

100 GW solar = 4 million ton H,
Required surface = 1,800 km?

Flexible production to base load; daily _
Salt cavern . 0.1-0.2
cycles
storage
Mi}deh X . . H 3 1
. ‘ S Pipeline Pipeline capacity = 20 GW 0.3
\ :ffn BenSaih |y 12 Full load hours = 8,000 hours/yr
el e Transport Pipeline length = 3,000 km
% »d PRV Ezﬂdia
Mir:gresh " Marokko - ae‘Lc:.:, 1.5 €/kg H2
A g G rfou =
AR e e [ o -." TOTAL
=5 s, | s 48 =0.04 €/kWhH,
295 A hel

aSsie

7/ Taroudant / Iqii
Clog, i
o

sl

Zagora
pac)
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Green Hydrogen
for a European Green Deal
A 2x40 GW Initiative

£ o, ﬂ Hydrogen
W ohpE=  $Dii G Europe

September 2019

March 2020
http:/ /profadvanwijk.com /hydrogen-the-bridge-between-africa-and-europe/

https://hydrogeneurope.eu/sites /default/files /Hydrogen%20Europe_2x40%
20GW%20Green%20H2%20Initative%20Paper.pdf

Worldwide over 30 countries have released hydrogen strategies

EU Hydrogen strategy for a climate-neutral Europe (s suy2020
The path towards a European hydrogen eco-system step by step :

C Today - 2024 H 2025 - 2030 H

From 2025 to 2030,
hydrogen needs to become
an intrinsic part of our
integrated energy
system, with at least 40GW
of renewable hydrogen
electrolysers and the
production of up to
10 million tonnes of
renewable
hydrogen in the EU.

From now to 2024, we will
support the installation of
at least 6GW of renewable
hydrogen electrolysers in
the EU, and the production
of up to 1 million tonnes of
renewable hydrogen.

2030 - )

From 2030 onwards,
renewable
hydrogen will be
deployed at a large
scale across all
hard-to-decarbonise
sectors.

e
TUDelft
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http://profadvanwijk.com/hydrogen-the-bridge-between-africa-and-europe/
https://hydrogeneurope.eu/sites/default/files/Hydrogen%20Europe_2x40%20GW%20Green%20H2%20Initative%20Paper.pdf

Further reading about hydrogen
www.profadvanwijk.com

hydrogen

the key to the energy transition

The Green
Hydrogen

Economy
in the Northern
Netherlands

Green Hydrogen
for a European Green Deal
A 2x40 GW Initiative

f. Dr. Ad van Wik

_ Prof. DE-AJ.M: van Witk—

S AR PN e e f oo, o a5 & ?umpe
iff Wouters™ @ _= © “ =l o= Dii

ydrogen

April 2017 November 2017 May 2018 September 2019 March 2020
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Africa Solar Industry
Association

info@afsiasolar.com



