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Crowe Infrastructure Africa (Crowe Infra) is a Crowe member
firm specializing in infrastructure development in Africa and
working with public and private sector clients to structure
financially viable and sustainable projects in the energy,
transportation, water, information technology, and social
infrastructure sectors.

Crowe Infra offers a unique and highly competitive delivery strategy built on an
unwavering dedication to quality, agility, and responsiveness as a specialized
boutique consulting business which is part of a top 10 financial services network.

Green Hydrogen

Hydrogen is a prevalent and energy-rich gas that exists naturally in water and
fossil fuels such as natural gas, coal, and petroleum. It is utilized as fuel by
isolating it from these sources making it a better alternative for the environment.

Hydrogen and ammonia are envisioned as future replacements for fossil fuels.
One of the primary prerequisites for ecologically sustainable energy security is
the production of these fuels using renewable energy, known as 'green hydrogen'
and 'green ammonia'.

The World Economic Forum 2022 reported that currently, the ammonia-based
fertilizer industry and oil refineries in North Africa and Nigeria use highly
carbonated hydrogen that is largely derived from natural gas and coal. The
combustion of fossil fuels produces carbon dioxide, which contributes
significantly to air pollution and global warming. Conversely, utilizing solar or wind
energy to power the separation of hydrogen from oxygen in water molecules
produces carbon-free green hydrogen and water as the only waste element,
making it a better alternative for the environment.

The entire African continent's carbon footprint contributes less than 4% to global
greenhouse gas (GHG) emissions. Therefore, the continent should focus on
sustainably harnessing its existing resources to meet the growing demand for
energy needed for economic development and poverty alleviation within a
sustainable path to a net-zero future (Yohannes & Diedou, 2022).



Green hydrogen, according to the UN, is a realistic alternative for revamping
Africa's energy industry. The goal is to minimize dependency on fossil fuels,
provide access to power to millions of Africans by boosting the use of renewable
energy resources, and achieving global climate obligations. To achieve this
balance, several African countries are considering green hydrogen as a
promising technology.

Technology

Green hydrogen provides a solution that is closer to real sustainability through its
production process that uses renewable sources such as wind and solar power
rather than fossil fuels to generate electricity. This technology yields a closed
loop of sustainable energy with no hazardous gases being generated at any point
in the production chain, making it the ultimate goal in the hydrogen fuel sector.

Hydrogen is extensively utilized as a fuel in a variety of applications, including
automobile fuel, petroleum refining, metal treatment, fertilizer production, and
food processing. When used as a fuel, it produces about three times the amount
of energy produced by diesel or gasoline. From hydrocarbon fuels, hydrogen gas
may be created using three primary technologies -

y Steam reforming (SR),
C Partial Oxidation (POX), and
= Autothermal reforming (ATR).

However, these technologies emit a considerable amount of carbon monoxide
(CO), resulting in a danger to the environment due to air pollution.

Alternatively, an electrolyser produces green hydrogen by splitting water into
hydrogen and oxygen using electricity generated by wind turbines, solar panels,
or a nuclear reactor, thus eliminating greenhouse emissions. The hydrogen may
subsequently be used in factories, power plants, and even jet planes without
warming the planet while releasing oxygen into the environment with no harmful
consequences.

Limitations and solutions

While green hydrogen is technologically intriguing, it faces economic feasibility
challenges of its cost of production that comes with several monetary constraints
for African nations. The continent requires private sector investment and public-
private partnerships to exploit its immense renewable energy potential and,
perhaps, profit on its endowment of the minerals required to construct fuel cells.



Visionary leadership, ambitious policymaking, and large additional investments
would also assist to -

* Create collaborative innovation platforms to boost research and
development of sustainable technologies in Africa that can be readily
maintained to constantly improve the sector's competitiveness;

* Create a hydrogen energy infrastructure to enable hydrogen production, as
well as efficient storage, transportation, and recharging facilities;

*  Communicate the benefits of green hydrogen and encourage its usage in
productive industries;

*  Establish or strengthen hydrogen legal frameworks to support the whole
value chain.

As green hydrogen technology advances, Africa must provide the framewaork for
being a first mover in the field, which includes developing a skilled worqurc and
investing in associated infrastructure.

Market opportunities
Precedence research estimates the global green hydrogen market to r ver
US$ 89 billion by 2030 with a registered CAGR of 54% from 2021 to 2030.
According to Goldman Sachs, hydrogen may provide 25% of the world's energy
consumption by 2050, creating a US$ 10 trillion addressable market.

China is currently the world's leading hydrogen producer and consum ith the
world's largest solar-powered facility as part of its attempts to cut carb
emissions. Canada, Chile, France, Germany, The Netherlands, Norw.
Russia, Spain, and the European Union all adopted hydrogen strategi
France had already adopted a plan for deploying hydrogen for the en
transition in 2018.

ortugal,
y 2020.

In a bid to seek ways to meet Africa's massive energy demands and develop a
robust green hydrogen ecosystem, six African countries, namely Egypt, Kenya,
Mauritania, Morocco, Namibia, and South Africa, founded the Africa Green
Hydrogen Alliance in May 2022 at the first-ever Green Hydrogen Global
Assembly which was held in Spain. This alliance aims to advance collaboration to
accelerate green hydrogen development in Africa in addition to encouraging
other African countries to join the alliance.

According to a UN study, Egypt and Zimbabwe have already deployed over 100
megawatts of electrolysers, and other green hydrogen projects are planned in
Egypt, Mauritania, Morocco, Namibia, and South Africa.



Investing in green hydrogen
Private sector investment in green hydrogen can help associated initiatives
succeed. Blending public and private finance can make hydrogen projects
bankable and financially feasible; but certain considerations must be addressed,
such as putting renewable energy generation and hydrogen manufacturing
facilities together for better integration.

As governments develop policy and regulatory frameworks to attract investment,
private sector investment in capacity building and technical assistance to
governments, particularly in emerging markets and developing economies, is
critical to developing these regulations and ensuring their enforcement and
compliance.

With nations like Japan signalling their plan to purchase large amounts of
carbon-free hydrogen and Europe rushing to lessen its dependency on fossil
fuels, the green hydrogen export market is ripe for picking.

The World Bank Group is working to move green hydrogen projects in developing
countries from the pilot stage to the industrial scale by providing technical
assistance to foster enabling policy, regulatory, and fiscal frameworks; developing
innovative financing that catalyzes concessional and climate finance resources;
integrating risk mitigation and credit enhancement instruments to mobilize private
capital; and transferring knowledge to support a just transition.

Through the Partnership for Market Readiness, the World Bank has built a
program for green hydrogen financing facilities, developed methods to
authenticate green hydrogen along the value chain, and set carbon pricing.
However, there is still a need for increased private sector involvement,
particularly to play a significant role in the development of the hydrogen plan.

Harnessing green hydrogen technologies in Africa through

private sector investments

Green hydrogen is the next-generation solution for Africa's growing energy
demands. Forbes predicts that investment in green hydrogen generation will
exceed $1 billion per year by 2023. Africa must accelerate the rate of
connections to 90 million households per year to attain the goal of universal
access to affordable energy, according to the Energy Information Administration
(EIA). Africa will only succeed in establishing a low-carbon economy with the
appropriate alliances, targeted initiatives, and private sector assistance.

Crowe Infrastructure Africa is making a significant stride to support the transition
to Net Zero. Crowe Infra's alignment towards a Net Zero future is evident in our
current engagements that increasingly involve providing transaction advisory
support to clients who are inclined towards a net zero strategy and can clearly
provide measurable carbon emissions data and reports throughout their project
cycles or operating assets.

Christine N Theuri
Crowe Infrastructure Africa
Kenya
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Our African Network

Algeria

Hamza & Associés

Tele: +213 23 823515
Email: h.tarek@crowe.dz

Angola

Crowe Angola SA

Tele: +244 926 286710
Email: jose.sousa@crowe.ao

Botswana

Crowe Goel & Associates
Tele: +267 3959730

Email: sanjay@crowe.co.bw

Cote d’lvoire

Uniconseil

Tele: +225 08212520

Email: edouard.okoue@crowe.ci

Cameroon

Okalla Ahanda & Associes
Tele: +237 33 427887
Email: jp.okalla@crowe.cm

Democratic Republic of Congo
Okalla Ahanda & Associes

Tele: +237 33 427887

Email: jp.okalla@crowe.cm

Egypt

Crowe Dr A M Hegazy & Co

Tele: +202 376 00516

Email: dramhegazy@crowe.com.eg

Ethiopia
Yeshanew Gonfa & Co
Tele: +251 911 678117

EAGate Foreign Trade Auxiliary PLC
Tele: +251 011 635 4281
Email: contact@eastafricagate.com

Ghana

Veritas Associates

Tele: +233 302 243952

Email: okay.ameyaw@crowe.com.gh

Kenya

Crowe Erastus & Company

Tele: +254 203 860 513

Email: croweerastus@crowe.co.ke

Crowe Infrastructure Africa Ltd
Tele: +254 709 799 000
Email: stefan.kauder@croweinfrastructure.africa

Crowe COR LLP
Tele: +254 20 388 2073
Email: cephas.osoro@crowe.co.ke

Liberia

Crowe Liberia, LLC

Tele: +231 0 881115927
Email: tjoseph@crowe.com.Ir

Libya

Ahmed Ghattour & Co

Tele: +218 21 444 4468

Email: aghattour@ghattour.com

Malawi

Crowe Horwath Malawi
Tele: +265 1 831605
Email: shadric@crowe.mw

Mali

Inter Africaine d’Audit et d’Expertise (IAE-SARL)
Tele: +223 20 286675

Email: moussa.konate@crowe.ml

Mauritius

Crowe ATA

Tele: +230 467 8684

Email: contactus@crowe.co.mu

Crowe SG
Tele: +230 403 0500
Email: info@crowe.mu

Crowe Fairfield
Tele: +230 403 0500
Email: info@crowe.mu

Morocco

Horwath Maroc Audit

Tele: +212 537 77 46 70

Email: adib.benbrahim@crowe.ma
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Mozambique

Crowe Mozambique LDA
Tele +258 21 498 315

Email: contactus@crowe.mu

Nigeria

Horwath Dafinone

Tele: +234 1 4600518

Email: ede.dafinone@crowe.ng

Rwanda

Crowe (Rwa) Limited

+250 788 358 484

Email: arshad.bholim@crowe.rw

Horwath HTL Interconsult Ltd
+250 788 358 484
Email: fmustaff@horwathhtl.com

Réunion

Crowe Réunion

Tele: +262 2 6290 8900
Email: a.lala@crowe.re

Seychelles

Crowe Horwath Tax & Advisory Limited
Tele: +230 52 52 7543

Email: bernard.delomenie@crowe.org

Senegal

Max Consulting Group (MCG)
Tele: +221 33 860 84 66

Email: magattediattara@crowe.sn

South Africa

- Cape Town

Crowe HZK

Tele: +27 21 481 7000

Email: contactus@crowe.za.com

Crowe Taxation Cape (Pty) Ltd
Tele: +27 21 481 7000
tax@crowe.za.com

Horwath HTL (South Africa)
Tele: +27 21 884 3200
Email: capetown@horwathhtl.co.za

- Stellenbosch

Crowe HZK

Tele: +27 21 8807940
Email: bso@crowe.za.com

- Johannesburg

Crowe JHB

Tele: +27 11 217 8000
Email: info@crowe.za.com

Crowe Tax & Advisory (JHB) (Pty) Ltd
Tele: +27 21 217 8000
Email: reinette.theart@crowe.za.com

- Somerset West

Crowe Winelands

Tele: +27 21 855 2917

Email: rowan.marais@crowe.za.com

Crowe DNA (Pty) Ltd
Tele: +27 87 057 2613
Email: dale.holloway@crowe.za.com

Tanzania

Crowe Tanzania

Tele: +255 22 2115251

Email: chris.msuya@crowe.co.tz

Togo

Crowe TG Icaaf Sarl

Tele: +228 22 50 98 22

Email: secretariat@icaafsarl.com

Tunisia

Horwath ACF

Tele: +216 71 236000

Email: noureddine.benarbia@crowe.tn

Cabinet Zahaf & Associés
Tele: +216 71 962166
Email: mahmoud.zahaf@crowe.tn

Uganda

Crowe Horwath AIA

Tele: +256 771 803429

Email: ahmed.bholim@crowe.ug

Zimbabwe

Crowe Chartered Accountants Zimbabwe

Tele: +263 242 300135/8
Email: oliver.mtasa@crowe.co.zw

Zambia
Crowe Chartered Accountants Zambia
Tele: +260 211 356 450

Email: yande.mwenye@crowezambia.com
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Contact

Editor - African Footprint
Kent Karro

Cape Town, South Africa
kent.karro@crowe.za.com
Tel: +27 21 481 7000

About Crowe Global

Ranked eighth largest accounting network in the world, Crowe
Global has over 200 independent accounting and advisory firms
in 130 countries.

For more than 100 years, Crowe has made smart decisions for
multinational clients working across borders.

Our leaders work with governments, regulatory bodies and
industry groups to shape the future of the profession worldwide.
Their exceptional knowledge of business, local laws and
customs provide lasting value to clients undertaking
international projects.

Crowe provides global reach on a personal scale. Crowe firms
focus on the future, the client experience and working with
clients to build something valuable, substantial, and enduring.
Close working relationships are at the heart of our effective
service delivery.

At Crowe, our professionals all share one commitment, to
deliver excellence.

Crowe in Southern Africa is a member of Crowe Global, a Swiss verein. Each member firm of Crowe Global is a separate and independent legal entity. Crowe in Southern Africa
and its affiliates are not responsible or liable for any acts or omissions of Crowe Global or any other member of Crowe Global. Crowe Global does not render any professional
services and does not have an ownership or partnership interest in Crowe in Southern Africa. ©2022 Crowe in Southern Africa



