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Abstract 

The green hydrogen economy offers synthetic green energy with significant impacts and is environmentally 
friendly compared to current fossil-based fuels. Exploration of green hydrogen energy in Southern Africa is 
still in the initial stages in many low-resourced settings aiming to benefit from sustainable green energy. At 
this early stage, potential benefits to society are yet to be understood. That is why the socio-economic impact 
of green hydrogen energy must be explored. This paper reviews the current literatures to describe the po-
tential socio-economic effects in the Southern African Development Community (SADC). The review sup-
ports the view that green hydrogen will be beneficial and have great potential to revolutionise agricultural 
and industrial sectors, with advanced sustainable changes for both production and processing. This paper 
also examines how sustainable green hydrogen energy production in Southern Africa will provide economic 
value in the energy export sector around the world and support climate change initiatives. Further, it discusses 
the impacts of the green hydrogen value addition chain and the creation of green jobs, as well as the need 
for corresponding investments and policy reforms. It is also noted that the green hydrogen economy can 
contribute to job losses in fossil fuel-based industries, so that the workforce there may need re-skilling to take 
up green jobs. Such exchanges may deter efforts towards poverty alleviation and economic growth in SADC. 
 

Keywords: green jobs, SADC, sustainable fuel 
 

 

 

  

Journal of Energy in Southern Africa 33(3): 12–21 

DOI: https://dx.doi.org/10.17159/2413-3051/2022/v33i3a12543 

Published by the University of Cape Town     ISSN: 2413-3051    https://journals.assaf.org.za/jesa 

This work is licensed under a Creative Commons Attribution-ShareAlike 4.0 International Licence 

Sponsored by the Department of Science and Innovation 

* Corresponding author: Email: s218169809@mandela.ac.za 

Volume 33 Number 3 

August 2022 

https://orcid.org/0000-0002-8980-7534
https://orcid.org/0000-0002-4549-9592
https://orcid.org/0000-0002-0899-2185
https://orcid.org/0000-0002-8474-874X
https://creativecommons.org/licenses/by-sa/4.0/


13    Journal of Energy in Southern Africa • Vol 33 No 3 • August 2022 

1. Introduction 

In recent years, there has been much interest in the 

green hydrogen economy, with green hydrogen as 

a synthetic fuel and energy carrier. Green hydrogen 

has a significant role in the future of transport and 

industrial sectors, as observed in countries with fully 

established hydrogen infrastructures, such as Japan 

and Australia (Jensterle et al., 2019). There is much 

potential to produce green hydrogen in Southern Af-

rica, yet no country there is currently involved in 

green hydrogen production and usage, to the best 

of our knowledge. However, attention to the devel-

opment of infrastructure for green hydrogen in parts 

of Southern Africa has been observed. Many South-

ern African countries are endowed with abundant 

natural resources such as wind, sun, and long coast-

lines, that would allow them to produce and deliver 

green hydrogen (Custers and Matthysen, 2009). 

Many of these renewable energy resources are still 

not clearly defined statutorily, but are rather inserted 

in frameworks of competition and regulations within 

the energy sector, which makes it hard to make hy-

drogen production a priority (Imasiku et al., 2021). 

A high percentage of electricity in Southern Africa is 

generated in coal-burning plants, which makes the 

region one of the worst emitters of greenhouse gases 

in the world (Akinbami, Oke and Bodunrin, 2021). 

Green hydrogen energy has the potential to meet 

energy demand in the region, transform the econ-

omy through energy exports, and create both direct 

and indirect green jobs that will improve livelihood 

and social standards (AbouSeada and Hatem, 

2022). However, exploration into establishing a 

green hydrogen economy in the Southern African 

Development Community (SADC) is yet to begin. 

On the positive side, there is a new interest in this 

area, especially in Namibia and South Africa. 

There are several ways to produce green hydro-

gen, but several authors see it as prudent to generate 

hydrogen from water electrolysis (Wang, Lu and 

Zhong, 2021). Currently, when electrolysis is com-

pared to other green hydrogen technology methods, 

such as photolysis, the commercial stage to scale-up 

the production of green hydrogen has been curbed 

by various factors. For example, the semiconductors 

applied in the typical Honda-Fujishima photolysis 

set-up, such as Titania, have large bandgaps limited 

in the UV region (Kang et al., 2019). The normal 

sunlight has only 5% of UV light and that means us-

ing Titania as a photocatalyst would be inefficient to 

produce large quantity of hydrogen. The research 

on bandgap engineering to shift the bandgap of var-

ious semiconductors with noble metals such as silver 

has been proposed but is still at initial stage (Barone 

et al., 2014). In the case of electrolysis, using elec-

tricity to split water into hydrogen and oxygen by 

using renewable energy has been scaled-up for in-

dustrial application. The main issue that contributes 

to the cost of green hydrogen from electrolysis is the 

cost of renewable energy and the cost of electrolys-

ers (IRENA, 2020). Recently, the cost of electrolysis 

components has been dropping due to advanced 

materials development. The cost of renewable en-

ergy must be a very important factor to consider. 

Thus, a good wind capacity factor, high sun irradi-

ance, and hydro power are favourable to producing 

green hydrogen more cheaply. For this reason, 

many developers are interested in Southern Africa 

as a potential hub of green hydrogen production, 

because of its renewable energy resource. Addition-

ally, it is important that the water used in the elec-

trolyser is desalinated using renewable energy, to 

make the product green. This whole process has, 

therefore, advantages over other methods such as 

steam-methane reforming, which emits carbon diox-

ide into the atmosphere (Boppella et al., 2021; Bur-

ton et al., 2021). Even though various innovative 

methods have been proposed to capture carbon 

emitted from processes such as steam reforming me-

thane and coal burning, the equipment designed for 

storing the carbon captured (blue hydrogen) has 

been seen as increase the price of hydrogen (Atilhan 

et al., 2021; Navas-Anguita et al., 2021). Therefore, 

the preferred method of producing clean, or green 

hydrogen, considering all aspects, is water electroly-

sis powered by renewable energy.  

Applications for green hydrogen in daily life 

range from powering large haulage automotive and 

small to large industrial applications (by utilising fuel 

cells or hydrogen engines). Additionally, large 

amounts of the hydrogen produced today is con-

sumed in ammonia plants. Ammonia is an essential 

fertiliser in agricultural production and a storage me-

dium for hydrogen due to its easy and safe handling 

(Brightling, 2018). 

This paper reviews the current literature to de-

scribe the potential socio-economic impact of the 

hydrogen economy in the SADC. It presents the 

commonly known methods of producing hydrogen 

and unpacks the production of green hydrogen and 

potential storage and utilisation mediums; finally, it 

offers a summary of potential socio-economic bene-

fits. 

2. Production of hydrogen, utilisation, and 

storage 

Hydrogen is still amongst the least produced chemi-

cal elements found in an impure state, although pro-

duction dates back as early as the 18
th
 century 

(OECD Nuclear Energy Agency., 2010). Hydrogen 

can be produced through electrolysis, a process that 

involves passing an electric current through the wa-

ter to split the hydrogen bond from oxygen bonds 

(Hilliard, 2016). The electrical energy used to power 

the electrolysis process is significant, especially in 

low-middle resourced countries. Producing hydrogen 
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using renewable energy sources (see Figure 1) is 

preferable, because it is environmentally friendly in 

terms of carbon emission – and hence referred to as 

green (Noussan et al., 2021). Hydrogen can also be 

produced from non-renewable energy sources, such 

as fossil fuel and natural gas, to give grey and blue 

hydrogen respectively. These two approaches are 

not considered environmentally friendly, especially 

the grey method, which releases carbon dioxide to 

the atmosphere, whereas carbon dioxide is captured 

during the blue hydrogen production, which also 

makes the process more costly (Atilhan et al., 2021; 

Navas-Anguita et al., 2021). 

The production of green hydrogen is expected to 

prevail in the coming years, with many ongoing and 

planned projects in mining industries and various 

technological spaces pointing in this direction 

(Fúnez Guerra et al., 2020; Li, Shi and Phoumin, 

2021). Hydrogen from renewable power is techni-

cally viable today and is quickly approaching eco-

nomic competitiveness. The rising interest in this 

supply option is driven by the falling costs of renew-

able energy and systems integration challenges due 

to rising shares of variable renewable power supply.  

2.1 Water electrolysis 

Water splitting represents the low-cost, clean, sus-

tainable, and most efficient method of generating 

hydrogen and oxygen via the cathodic hydrogen 

and anodic oxygen evolution reactions (Huang and 

Wang, 2020; Wang, Lu and Zhong, 2021). It is, 

however, essential to note that although the electro-

chemical process represents the critical enabling 

technology, the high capital cost of electrolysers re-

main a significant barrier, though significant im-

provement has been made thus far on the reducing 

this cost (Bertuccioli et al., 2014). There are three 

well known types of electrolysis system: alkaline 

electrolysis; proton exchange membrane (PEM) 

electrolysis; and solid oxide (SO) electrolysis. Figure 

2 illustrates how hydrogen is produced and its sub-

sequent chemical reaction by the PEM electrolysis 

system. The solid polymer electrolyte that conducts 

proton ion is sandwiched between two electrodes to 

construct a membrane electrode assembly. The H2O 

reacts at the anode to form O2 and positively 

charged hydrogen ions (protons), as in Equation 1.  

     2H2O → O2 + 4H
+ 

+ 4e
-  

(1) 

The electrons flow through an external circuit 

and hydrogen ions selectively moves across the 

PEM to the cathode. At the cathode, hydrogen ions 

combine with electrons from external circuit to form 

hydrogen gas, as per Equation 2.  

     4H
+
 + 4e

- → 2H2   (2) 

As stated above, the main contributing factor to 

the high cost of electrolysers is producing the func-

tional components, specifically the electrodes and 

membranes. Various metals, metal oxides, metal 

carbides, etc., have been studied and applied in 

electrochemical water splitting. There is currently in-

tensified research in the fabrication of thin films of 

these various materials and their subsequent appli-

Figure 1: Schematic diagram for hydrogen production process, showing the  

different production methods.  
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Figure 2: Schematic diagram of a PEM electrolysis system. 

Figure 3: Schematic diagram of a fuel cell. 

cations in water splitting to lower the cost of the ma-

terials (Gaillard et al., 2013; Yu et al., 2019). Apart 

from saving natural resources, thin films as elec-

trodes could considerably advantage industrial-scale 

electrochemical water splitting and improved perfor-

mance under strict industrial conditions. With recent 

improvement in material development and technol-

ogy such as nano thin films components, the cost of 

electrolysers is expected to drop significantly in the 

next few years. 

2.2 Hydrogen fuel cells for mobility and 

power generation applications 

The fuel cell that uses hydrogen as an energy source 

has emerged as a promising alternative to traditional 

combustion engines used in automobiles and indus-

trial applications (Samuelsen, 2017). The chemical 

energy is directly converted to electrical power with-

out a complicated combustion process. The fuel cell 

operation design is illustrated in Figure 3, where the 

hydrogen fuel and oxygen enter through the anode 

and the cathode respectively. The overall reaction 

produces water instead of the carbon dioxide pro-

duced by combustion engines that uses fossil fuels 

like petrol and diesel (Robertson and Shaffer, 2014). 

In comparison to fossil fuel, fuel cell technology of- 

fers an essential solution in the future of hydrogen 

fuel economy and contributes to decarbonising the 

world.  

The primary components of the fuel cell are an 

ionic conducting electrolyte, a cathode, and an an-

ode material. We have recently fabricated several 

functional thin films that could be suitable as com-

ponents for the fuel cell. For example, a recent paper 

(Shafudah, Nagai and Sato, 2021) reports on man-

ufacturing a cubic zirconia thin film that could be 

suitable for a solid electrolyte in solid oxide fuel cells. 

An advantage of this is that most of the basic mate-

rials for the fuel cell can be sourced locally in SADC 

(e.g., South Africa is known for its abundance of 

platinum, which is a critical anodic and cathodic ma-

terial). 

2.3 Production of green chemicals/reagents  

Hydrogen is an essential reagent in many organic 

chemical reactions to produce chemicals, reacting 

with other molecules or substances. These products 

have important biological, chemical, and industrial 

applications. It should also be noted that hydrogen 

occurs as a diatomic molecule in these reactions, 

presenting it with two hydrogen atoms (H2). This is 

because hydrogen alone is unstable in a pure state; 



16    Journal of Energy in Southern Africa • Vol 33 No 3 • August 2022 

combined with another hydrogen atom it attains the 

chemistry octet properties or stability. Hydrogen re-

acts with compounds such as aldehydes, carboxylic 

acids, and esters to form alcohols (see Figure 4). 

Many of the alcohols, such as the aliphatic alcohols, 

are easily synthesised both biologically and chemi-

cally. They can also be used to power internal com-

bustion engines (Smith, 2020). Hydrogen can also 

be reacted with nitrogen and nitrites to produce am-

monia fertilisers and amines. Green hydrogen can 

be used as a precursor to produce green chemicals 

and reagents instead of hydrogen coming come 

from non- renewable energy sources.  

SADC is endowed with forestry with invader spe-

cies, which could provide biomass as feedstock to 

give sustainable carbon. Green hydrogen is viewed 

as a precursor for different types of green synthetic 

fuels and chemical such as power-to-liquid fuels 

(kerosene, gasoline, diesel, methanol), and power-

to-gasoline (methane) or power-to-chemicals (e.g., 

ammonia). It is important that the input carbon ma-

terials should be sourced in a climate-neutral man-

ner and that the resulting products should be used 

mainly for hard-to-abate sectors of industry and 

transport, those which cannot easily be de-fossilised 

by directly using renewable electricity and batteries. 

2.4 Production of green steel and green iron  

Steel provides crucial materials for the building and 

construction sector, such as reinforcing steel bars, 

beams, and pipes. A large part of carbon dioxide 

emissions comes from steel and iron production (see 

Figure 5). However, these industries are looking to 

make these processes more environmentally friendly 

by establishing new technologies (Kim et al., 2022). 

The use of hydrogen as the iron ore reducing agent 

is one of the prominent techniques in direct reduc-

tion plants (Heidari et al., 2021). Green hydrogen as 

a reducing agent in such plants can have great eco-

nomic and environmental impacts. Southern African 

countries such as Zambia, Zimbabwe and South Af- 

rica are home to iron ore deposits that are often ex-

tracted and shipped out for processing (Fessehaie 

and Rustomjee, 2018). Zambia is looking into 

sponge iron production through the direct deduction 

of iron technique (Atilhan et al., 2021; Navas-An-

guita et al., 2021). The expected green hydrogen 

from SADC can then be used as a reducing agent in 

both direct and indirect iron oxide reduction ap-

proaches. Green hydrogen can be used as source of 

fuel to power furnaces and other machinery for 

green steel production. These new industries are ex-

pected to create green jobs and improve the entire 

Southern Africa economy through steel exports and 

other value-added products  

Steel can also be produced through the recycling 

of steel scrap (Oh and Park, 2021). Steel does not 

lose quality, so steel waste products are recycled re-

peatedly without loss of property. Scrap as an iron 

source does not require reducing agents as com-

pared to the previously discussed methods. How-

ever, it requires enough energy to melt the scrap 

steel or sponge iron to be moulded into other types 

of steel. The heat required for these processes results 

from arc furnaces powered by energy sources such 

as coals, fuels, and even hydrogen (Ohnuki et al., 
1994). Currently, the production of steel in Southern 

Africa is through ferrous scraps as raw material 

(Chansa et al., 2019; Schoeman, Oberholster and 

Somerset, 2021).  

2.5 Green ammonia as a valuable commodity 

in the hydrogen industry 

A large proportion of the ammonia (NH3) produced 

is for agricultural fertilisers. It is also produced for 

applications for purifiying water, refrigerant gas, and 

manufacturing plastics, pesticides, dyes, and chemi-

cals (Grossel, 2002). Ammonia is generally pro-

duced when natural gas, liquefied petroleum gas, or 

petroleum naphtha put into gaseous hydrogen then 

reacted with nitrogen to yield either gaseous or liquid 

ammonia, as indicated in Figure 6. The common

Figure 4: Reaction scheme of hydrogen and other molecules to give useful  

chemicals and reagents. 
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Figure 5: Production of iron and steel by fossil and non-fossil fuels.  

Figure 6: Schematic diagram for ammonia production based on the  

Haber-Bosch process (Bengal, 2017). 

  

method of producing ammonia is the Haber-Bosch 

process, in which ammonia is obtained under higher 

temperatures (Kyriakou et al., 2020). Green Hydro-

gen can be used in the Haber-Bosch processes to 

produce green ammonia for the previously listed ap-

plications. Catalysts such as iron are often employed 

to speed up the rate of the reaction and the iron as 

catalytic materials could potentially be sourced or 

manufactured in SADC. 

Ammonia is highly valued as a potential hydro-

gen storage option as it has a high hydrogen density 

of about 17.8 wt%. Additionally, ammonia has in-

creased flexibility in its utilisation, including mobile 

and stationary applications (Ikäheimo et al., 2018).  
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3. National economic and social impacts 

3.1 Food security 

Agriculture is essential for both economic develop-

ment and food security and is central to most coun-

tries’economies, providing employment and helping 

with sustaining life and land (Koroma and You, 

2016). Agriculture contributes a large part of the 

GDP of many Southern African countries through 

goods for profit. The Namibian government has re-

cently constructed the large Neckartal Dam to sup-

ply water for agricultural activities in the southern 

part of the country and beyond (Lillie and Steyn, 

2017). There is no doubt as to the government's in-

terest in boosting food production. Other means of 

improving food security and the country's economy 

through food production continue to be explored. 

Modern agriculture is carbon-intensive and relies 

heavily on fossil fuels. The green hydrogen economy 

has the potential to increase production and elimi-

nate problems associated with fossil fuel use in food 

production. There could be great advantages in us-

ing green hydrogen for farming equipment such as 

tractors; it could be an ideal alternative to fossil fuels 

for many farmers (Kleperis et al., 2021). 

3.2 Automobile industry 

Vehicles that use gasoline as a contribute to GHG 

production (Manojkumar et al., 2021). Govern-

ments and environmental agencies worldwide have 

been enacting laws to impose high fines and taxes 

on companies that manufacture cars that release 

GHG into the atmosphere (Karl and Felix, 2007). 

Companies such as Tesla have already started man-

ufacturing cars that are powered by electricity from 

renewable energy sources (Wang, Lu and Zhong, 

2021). In addition, major car companies such as 

Nissan, Toyota and Ford have built prototype vehi-

cles using fuel cells with or without auxiliary batteries 

and either fuelled by pure (gaseous or liquid) hydro-

gen (Handwerker, Wellnitz and Marzbani, 2021). 

 However, the lack of hydrogen infrastructure re-

mains a severe challenge. Even though some man-

ufacturers made commitments to introduce fuel cell 

vehicles to the market, these vehicles will likely make 

their debut within fleet operations to minimise fuel-

ling and maintenance issues. That is why the pro-

duction of green hydrogen in Southern Africa could 

lead to hydrogen exports to countries who wish to 

decarbonise as part of the Paris Agreement, a route 

toward carbon neutrality. Southern African compa-

nies and mines can also benefit from the sale and 

value addition of the materials that may be needed 

in the green hydrogen industry. For example, the 

sale of platinum and certain other metals from 

SADC could be expected to go up due to their utili-

sation in fuel cells and electrolysis systems. 

3.3 Environmental impacts 

It is well known that soil nutrients are usually re-

moved from the soil by the crops during harvesting. 

Farmers then apply fertilisers to retain soil fertility, to 

allow for adequate plant growth. Effective fertilizers 

are characterised by a high nitrogen content, which 

is an essential element and a vital source of nutrition 

for growing plants (Sikora et al., 2020). Ammonia 

fertilisers have the highest nitrogen content and are 

therefore the most used and commercially available. 

Without the addition of fertilisers, yields and agricul-

tural productivity would be significantly reduced. As 

the world population grows, so does the demand for 

fertiliser. Fertiliser manufacturing is responsible for 

about one-third of global GHGs annually (Gilbert, 

2012). The production of ammonia in southern Af-

rica may have a significant impact on food security. 

On the other hand, it is important that the produc-

tion of green ammonia is environmentally safe and 

that environmentally friendly methods of producing 

fertilisers are used. 

 The GHGs released mainly from the burning of 

fossil fuels absorb solar energy, which keeps the heat 

close to the earth’s surface rather than the environ-

ment with the potential to change the carbon diox-

ide concentrations, increase temperature, and 

obliterate precipitation patterns. The burning of hy-

drogen for heat or in fuel cells results in water vapour 

as the only by-product of the atmosphere. Even 

though this by-product is also considered a GHG, it 

is short-lived, and it is somehow always kept in bal-

ance by the hydraulic cycle. Also, excessive amounts 

of water vapour always return to the ground by pre-

cipitation (Beswick, Oliveira and Yan, 2021).  

3.4 Geopolitical issues  

The use of hydrogen to fuel cars poses a serious 

threat to the gasoline industry, which is predicted to 

reach its peak in the next 20 years (Norouzi, Fani 

and Ziarani, 2020). Currently, the petroleum indus-

try generates billions of dollars in revenue, with the 

United States, Saudi Arabia and Russia dominating 

the industry (Mitchell, Marcel and Mitchell, 2012). 

There are also major oil reserves in the SADC, with 

Angola the leading producer of crude oil, with re-

serves of 69.1 million metric tons (UNCTAD, 2012). 

South Africa holds around 15 million barrels of oil 

reserves, ranking it 85
th
 in the world (Ash, Pailman 

and Ilunga, 2022). Namibia has also reported po-

tential offshore crude oil reserves with potential to 

drill in years to come (Heim, 2020). Recently, there 

have also been reports of possible oil reserves in the 

Okavango Delta, in north-eastern Namibia, by a Ca-

nadian oil firm (Heim, 2020). 

Private companies and states all over the world 

continue to invest in the exploration and application 
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of crude oil because of the revenue and its role in 

development and people’s livelihoods. This suggests 

that using green hydrogen to replace crude oil will 

have major implications for economic, social, and 

political stability. Therefore, careful assessment is 

needed by governments interested in green hydro-

gen production to understand the advantages and 

disadvantages that would come with the new fuel 

industry. 

3.5 Green hydrogen enabling policy 

formulation and regulation in SADC  

The existing renewable energy policies in SADC 

countries do not incorporate hydrogen in their 

framework. Policy reform to accommodate green 

hydrogen can help to establish sustainable markets 

for a green hydrogen economy and to enhance de-

carbonisation. These may also foster investments by 

energy suppliers, energy distributors, and users in 

both private and public sectors. Renewable energy 

policies in SADC should focus on establishing the 

role of hydrogen within long-term energy strategies 

which would allow industries to align their goals with 

this technology. Supporting research and develop-

ment should also be included, as this plays a pivotal 

role for the hydrogen production and supply chain 

network, given the critical role of production costs in 

business (Imasiku et al., 2021). In addition, all the 

unnecessary regulatory conditions that may delay 

hydrogen energy project developers obtaining li-

cences through unclear requirements and regula-

tions should be eliminated, because of their 

potential to slow down the transition to hydrogen 

energy-based economies. Lastly, all policy reform 

should focus on establishing opportunities to en-

hance future hydrogen development progress. This 

can be achieved by building on current policies, in-

frastructure, and skills, enhanced investor confi-

dence, and lower costs, allowing Southern African 

countries to transform existing industrial seaports 

into hubs for lower-cost, and lower-carbon hydro-

gen and to also use the existing natural gas/coal in-

frastructure to accommodate green hydrogen 

energy supplies.  

4. Conclusion 

This review supports the view that there are enough 

renewable energy resources to sustain the green hy-

drogen economy in Southern Africa. Green hydro-

gen policy formulation and regulation will be an 

important factor in fostering economic growth 

through a green economy in SADC. A return on 

both direct and indirect investments is projected to 

come through transformation of agricultural and in-

dustrial sectors, and value chain additions through 

producing, processing, and supplying green hydro-

gen energy. Economic benefits will have a crucial 

role in improving social welfare and infrastructure in 

the region. While trade-offs are to be made on how 

to invest in and explore this economy, the availabil-

ity of natural resources and renewable solar energy 

in the region will be significant for cost reduction. 

However, initial trade-off decisions will not be easy 

as they could come at an expense of improving cur-

rent social welfare, especially given that the required 

electrical power is costly. Possible job losses in fossil 

fuel sectors can be another adverse outcome of a 

green hydrogen economy, but this will be compen-

sated for by reskilling of workers in the existing in-

dustries and creating new green jobs.  
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