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Electric power is an essential component of modern human life that affords them healthcare, transportation, education, and 

communication systems. Electric power also enables humanity to provide means to produce potable water, food, and goods. 

Africa remains challenged with the fastest growing population in the world. Therefore, accelerated access to power that is 

affordable, sustainable, and high quality is key to Africaôs prosperity and socio-economic development. However, electricity 

supply remains inaccessible, unreliable, and irregularly distributed across the continent, more especially in the sub-Saharan 

Africa region. 

In recent years, electricity derived from renewable resources such as solar and wind has become more affordable than electricity 

derived from fossil-based fuels. This timeous development is expected to play an essential role in the realisation of accelerated 

affordable electricity access to Africans. However, modern society requires an uninterrupted, on-demand and consistent 

electricity supply of exact voltage (220V) and frequency (typically 50Hz). The electricity generated using renewable resources 

such as wind and solar is typically not aligned with the demand for electricity by Africaôs society. Africa needs cost-effective 

energy buffers that can be harnessed to mitigate the discrepancy between electricity demand and supply. Such buffers are 

known as energy storage systems. These energy storage systems can improve the supply of electricity through robust storage 

capacities across the continent. 

 
Notably, major advances have been realised in the development and production of Energy Storage Systems, particularly those 

systems containing Li -ion batteries. Consequently, major car manufacturers worldwide are starting to see the inevitable 

and gear up to replace the internal combustion drive train with inherently more efficient battery-powered electric motors. The 

battery industry is expected to develop into a staggering multitrillion -dollar market by 2040. With accurate planning, Africa has 

the potential to become a major beneficiary from this technology because of her endowment with the minerals suitable for next- 

generation batteries. This can significantly make Africa competitive with other global players in the battery industry. 

 
This APETôs next generation batteries report focuses on the strategic framework that African Union Member States can enact 

towards energy storage through next generation batteries. It further articulates the two key objectives that Member States can 

focus on to achieve these objectives and produce measurable impacts and specific implementation frameworks. 

 
To accomplish this, African Union Member States are encouraged to build cross-cutting research and development for 

universities and research institutions that heavily collaborates with the public-private sector. It can rely on Africaôs ability 

to generate new ideas and knowledge and translate them into valuable technologies and services. In this way, Member States 

can build knowledge-driven economies for the direct socio-economic benefit of Africans and all humanity. This can ensure that 

Member States guarantee the creation of a desired future for their citizens. 

 
Most importantly, this APET report articulates a continental model for a programme that was both illustrative and demonstrated the 

preferred implementation scenario specifically adopted and adapted for the African context. The value proposition relies heavily 

on the key competitive advantages of the African continent. It is known that African countries are endowed with the minerals 

required for next generation battery technologies. Because of this advantage, African countries are encouraged to leverage these 

minerals and improve their beneficiation up to next generation battery required standards to realise more value and benefit. It 

was also shown that the greatest investments in the value chain should be dedicated to the processing and beneficiation value 

chain of minerals. This can also incorporate the manufacturing of cells for batteries and packaging of batteries, as this part 

of the value remains lucrative. It has been reported that simply selling unprocessed minerals does not bring value to Africans as 

a benefit from these materials. 

Executive  Summary  

1 
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Thus, properly beneficiating these materials will  enable Africa to best benefit and improve her socio-economic development1. 

Overall, the suggested programme directly addresses two of the priority areas for SDG7 and Agenda 2063 Goal 2 and 

7 implementations. These include scaling up capacity building and strengthening for the African citizenry and can be 

achieved through proper education and training programmes that aim at equipping Africans with the right skills to properly 

benefit from the next generation battery technology. This can also be achieved through renewed and  cross-sectoral 

approaches across all stakeholders in Africa and international partners. Furthermore, African Union Member States ought 

to develop human and institutional capacities that focus primarily on skills in support of universal energy access and energy 

sector transformation. Member States are encouraged to enhance innovation systems at national, regional, continental levels. 

This can include research, development, deployment and diffusion in the design and operation of the whole energy system. 

 

 
 

Summarised below are the recommendations that APET has identified for African Union Member States to best benefit from 

the next generation battery technologies. This is to assist African countries to successfully combat poverty within their citizenry: 

 

1. Africaôs decision-makers and policymakers are encouraged to capitalise on the worlds desire to produce next generation 

batteries such as Li -ion batteries (LiBs). Efforts by African Union Member States can focus on local mineral beneficiation, 

and local battery assembly. Member States are encouraged to make investments towards local factories for refining and 

beneficiation of local natural resources. This suggestion will  not only benefit Africans from the significant added value of 

materials but also stimulate job creation and local supply chain. In turn, this will  significantly create countless opportunities 

for local socio-economic growth. 

 
2. African Union Member States are encouraged to formulate regulatory frameworks that will  help monitor and protect 

Africaôs countries from foreign exploitation of mineral resources critical to produce NGB. Essentially, these resources can 

be exploited to the benefit of Africa first. Furthermore, these regulatory frameworks can also be responsible for awarding 

mining rights that ensure local material beneficiation and prohibit raw materials to be exported without substantial local 

refinement. These regulatory frameworks will  also ensure that the local refinery is allocated to a local battery assembly 

plant. 

 
3. Member States are encouraged to adopt a model where governments bid to host the different research and development, 

innovation, and manufacturing hubs across the continent based on their available material and expertise. In this way, there 

can be a continental drive towards establishing a business case for a full  LiBs value chain in Africa. In addition, investments 

are encouraged by all stakeholders towards research and development, intellectual property patents, human resources 

development, facilities and equipment, and supply chain contracts in Africa. This can also include efforts towards the 

employment of Africaôs workforce (scientists, engineers, and technologies with doctoral degrees) to improve research and 

development and enable technological advancement efficiencies. 

 
 

1  UN Policy Briefs in Support of the First SDG7 Review at the UN High-Level Political Forum 
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1.1 Setting  the  context:  Africaõs energy  challenges 

As reported by the World Economic Forum, ñAfricaôs population is projected to double to about 2 billion by 2050. More 

so, by the year 2100, Africaôs population could easily have doubled again.3 If that happens, at least four billion of the worldôs 

11 billion people will  be African. 

 
This dramatic increase in population presents numerous challenges to local economies, food supply, energy demand, health 

service delivery, education systems, and infrastructure maintenance in African countries. To timeously and successfully address 

these challenges and effectively meet the United Nationôs 2030 Sustainable Development Goals (SGDs) as well as the African 

Unionôs Agenda 2063, Africa must prioritise and implement some continental policies related to critical technologies. 
 

 

Figure 1: Projected global population growth by 2050 

 

The Agenda 2063, which summarises Africaôs development aspirations over a 50-year period, is pioneering for a 50% increase 

access towards electricity and 50% increase of electricity generation and distribution. The agenda also aspires for 70% of 

Africans having access to electricity by 2023 as well as 30% improvements in energy efficiency. Additionally, affordable clean 

energy is among the United Nationôs Sustainable Development Goals (SDGs) that focuses on universal electrification. To this 

end, Africa is working towards achieving SDG 7 and Agenda 2063 Goal 7, within the context of Africa. This can be achieved by 

creating synergies between Power Africa, Sustainable Energy for All,  and climate finance to achieve universal energy access 

before 2030.4,5
 

Achieving universal clean energy for Africa requires considerations on the impacts of climate change by incorporating 

greenhouse- gas-emissions mitigation strategies according to the Paris Agreement addressing climate change. The Climate 

Bonds Initiative, an international investor-focused not-for-profit organisation, is working towards mobilising a US$100 trillion  

bond market for climate change solutions.6    This initiativeôs mission focuses on driving down the cost of capital for large- 

 
 

3 https://www.weforum.org/agenda/2019/06/9-7-billion-on-earth-by-2050-but-growth-rate-slowing-says-new-un-population-report/ 
4  IRENA and IEA-ETSAP (Energy Technology Systems Analysis Program), 2015a. Solar Heating and Cooling for Residential Applications: Technology Brief, Abu 

Dhabi: IRENA. 
5  IRENA (2015), Africa 2030: Roadmap for a Renewable Energy Future. IRENA, Abu Dhabi. www.irena.org/remap 
6 https://www.climatebonds.net/2020/09/climate-bonds-initiative-and-fsd-africa-launch-africa-green-bonds-toolkit-practical-guide 
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scale climate, and infrastructure projects and to support governments seeking to improve the energy situation in their countries. 

Increased capital markets investment that has been put in place to meet climate goals Africa amounted to US$898 million in 

2019. Furthermore, it was reported that Africaôs market was dominated by the US$567 million project loan to Redstone Solar 

Plant. However, even when accounting for this, the composition investments altered considerably in 2019 with the remainder 

composed of issuance from corporate institutions and Nigeriaôs second green sovereign. 

 

1.2 Patterns  of Africaõs access to  electrification  across the  continent  
 

 
 

According to the African Development Bank7, ñOver 640 million Africans have no access to energy, corresponding to an 

electricity access rate for African countries at just over 40 percent, the lowest in the world. Per capita consumption of energy in 

sub-Saharan Africa (excluding South Africa) is 180 kWh, compared to 13,000 kWh per capita in the United States and 6,500 

kWh in Europeò. 

Africaôs access to electricity varies from region to region across the continent. For instance, North Africa is almost entirely (up 

to 99%) electrified. Whereas within sub-Saharan Africa (SSA), excluding South Africa, electrification rates in most countries 

remain below 30%, South Africa is predominantly electrified by up to 86%. Notably, the lack of access to electricity in SSA is 

predominant in rural areas, accounting for 63% of SSAôs population.8 The majority of the rural population is off-grid and 

sparsely distributed.9 Fortunately, since 2014 the number of people without access to power in SSA has declined. This is because 

the electrification efforts with SSA have surpassed population growth. However, there is still more work ahead for African 

countries to address the electrification challenges and disparities observed across the continent. To this end, APET is suggesting 

an increasing role of decentralised renewable energy solutions that have been gaining momentum across the continent recently. 
 

The lack of access to electricity is not the only component of SSAôs electrification challenge. Even among the people who do 

have access to electricity, there are still wide disparities in annual per capita consumption between the three regions. For 

instance, there is an average of 225 kilowatt-hours (kWh) power available in SSA, and with rural areas having access to as little 

as 100 kWh. Comparatively, there is an average of 1,500 kWh in North Africa, and 4,200 kWh in South Africa. Furthermore, 

even the places where the grid connection already exists, homes and industries often must make do with an erratic power supply. 

 
 

7   Light Up and Power Africa ï A New Deal on Energy for Africa https://www.afdb.org/en/the-high-5/light-up-and-power-africa-%E2%80%93-a-new-deal-on-energy-for- 

africa 
8 https://www.worldbank.org/en/region/afr/overview 
9   Tracking the SDG7: The Energy Progress Report: https://trackingsdg7.esmap.org/data/files/download-documents/2019-Tracking%20SDG7-Full%20Report.pdf 
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These erratic power supplies are characterised by long outages, averaging to 7 outages per month due to severe under-capacities 

within SSA countries.10 This scenario has a profound negative impact on industrial productivity and overall quality of life for 

SSA rural citizens. Therefore, making power available to all Africans by 2030, in line with the UNôs SDGs, is a major challenge for 

Africa. 11,12
 

 

1.3 Existing  proposed  solutions  in addressing Africaõs energy  challenges 

In its report, the African Union High-Level Panel on Emerging Technologies (APET) has recommended that African Union 

Member States harness microgrid technology for their socio-economic transformation of the continent.13 APET further 

suggested that policymakers and decision-makers in governments and the private sector adapt and contextualise microgrids 

implementation for Africaôs realities. This should take into account factors such as site selection, the expected number of 

connections per site, and both the demand and willingness to pay. Furthermore, it remains crucial to consider additional factors 

such as the expected return per connection and the development of skills and capacities that addresses the under-served 

communities. Most particularly, this capacity strengthening should address the role of the ñinformal sectorò in supporting 

microgrid implementation. The above- mentioned elements could mitigate against cases reported in some countries where 

microgrid installations have suffered from improper operation and maintenance. This will,  therefore, help communities that can 

barely realise the intended benefits of microgrids. 

Additionally, African countries could address the electrification challenge through solar power, to immediately address the 

additional generation capacity that is required to achieve the universal electrification of the continent. Fortunately, Africa 

has the highest solar resource based on global horizontal irradiance (GHI). The International Renewable Energy Agency 

(ARENA) determined a continental photovoltaic (PV) power generation potential of up to 660 Petawatt hours, where1 Petawatt 

hour (PWh) equals 1,000,000 GWh per year.14 The same study reported a power generation potential of 460 PWh from wind 

energy. This study excluded ñremote areasò that were not close to the existing national grids. Thus, these figures are only 

directly relevant to underserved demand that is already connected to the existing grid supply. However, these figures 

demonstrated the vast electrification potential for Africa through harnessing solar resources. The photovoltaic (PV) generation 

potential is significantly higher if  the ñremote areasò are included through the distributed generation model. This is imperative 

to accomplish universal electrification for Africa. 

 
The World Bank 5-tier metric can be used to measure the level of access to energy based on eight factors. These factors are 

capacity, availability, reliability, quality, affordability, legality, convenience, and health and safety. This is a useful framework 

that Africa can use to understand electrification within the continent.15 There is a call that Africa adopts the Tier 3-level 

electrification when harnessing solar energy that includes general lighting, air circulation, radio, television, and low-energy 

appliances such as for general food processing and washing. These are generally considered the threshold for enabling economic 

transformation and corresponds to an electricity per capita consumption of 160 kWh per year.16,17
 

 

 

 

 

 

 
 

 

10  Cole, M, Elliott, R, Occhiali, G & Strobl, E 2018, óPower outages and firm performance in Sub-Saharan Africaô, Journal of Development Economics, vol. 134, pp. 150- 

159. https://doi.org/10.1016/j.jdeveco.2018.05.003 
11     https://www.iea.org/reports/sdg7-data-and-projections/access-to-electricity 
12    https://www.iea.org/reports/africa-energy-outlook-2019 
13     https://www.nepad.org/blog/let-there-be-light-harnessing-microgrid-energy-africa#_ftn4 
14  Sebastian, Hermann, Asami Miketa, Nicolas Fichaux (2014), Estimating the Renewable Energy Potential in Africa, IRENA-KTH working paper, International 

Renewable Energy Agency, Abu Dhabi. 
15   World Bank, https://www.seforall.org/sites/default/files/GTF-2105-Full-Report.pdf 
16  Re-thinking Access to Energy Business Models Ways to Walk the Water-Energy-Food Nexus Talk in Sub-Saharan Africa, RES4Africa Foundation, Rome, Italy (2019): 

https://16                  sun-connect-news.org/fileadmin/DATEIEN/Dateien/New/RES4Africa-RE-thinking-Access-to-Energy-Business-Models.pdf 
17            https://data.worldbank.org/indicator/EG.USE.ELEC.KH.PC?locations=ZF 
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1.4 Opportunities  for the  power generation  industry  of renewable  energy 

In Africa, the power generation industry is dominated by costly small-scale power systems that are running on fossil fuels. 

Furthermore, the African Development Bank claims that fossil fuels are currently the most expensive means of generating 

electricity. Fossil fuelsô cost ranges between US$0.20 and US$0.30 per kWh. This is much higher than the cost of conventional 

generation. In contrast, the Levelised Cost of Electricity (LCOE) from renewable sources as reported by Bloomberg (see Figure 

3) recently showed that both electricity from photovoltaic and wind are significantly lower than the cost of electricity derived 

from fossil fuel. 

 
Renewable energy will  assist economies to transition the highest greenhouse gas (GHG) towards low carbon economies and to 

strategically reduce GHG is to switch from fossil fuels to renewable energy. Currently, Africaôs renewable energy is only 

contributing a very small share of the total energy generation and usage. The combined renewable energy constitutes about 13% 

of the primary energy supply across the world. Thus, renewable energy will  urgently reduce carbon emissions. Furthermore, 

renewable energy will  bring electricity in African areas that are not currently connected to the central grid. It can also improve 

the unreliable grid and act as back-up systems wherever required. 

 

 
 

Figure 2: Africaôs regional comparison of population, GDP per year, access to electricity and electricity per capita 

 
Additionally, renewable energy can also enable economic development for developing African countries. Figure 4 shows that 

numerous African countries are geographically well-placed. Thus, providing them with the opportunity to exploit the energy 

potential, as most of these sub-Saharan African countries are in low latitudes with high sunlight. Thus, renewable energy helps 

address the increasing concerns about future energy prices and energy security. This is against a background of a rapid global 

increase in demand  for energy and driven primarily  by rising living  standards in developing and emerging countries. 

Furthermore, renewable energy offers economic opportunities because renewable energy technologies are already competitive 

at market prices. Thus, decentralised electricity generation can potentially mobilise small-scale private investment for African 

economies. Consequently, investments in renewable energy are also offering considerable scope for generating employment 

opportunities, a key public policy concern in numerous African countries. This is because there is substantial employment 

potential associated with project development, construction, and installation for all renewable energy technologies. 
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Figure 3: The global benchmarks of photovoltaic and wind batteries LCOE 

 
Based on the solar radiation data, the potential to extract solar electricity in Africa is among the best in the world and presents 

a major opportunity as prices continue to fall. The total theoretical potentials on the African continent are estimated at around 
470 Petawatt hours (PWh), 660 PWh, and 460 PWh for concentrating solar power (CSP), PV, and wind, respectively.18 

According to Figure 3, the utility  PV, offshore wind and onshore wind energy generation prices have been significantly 
decreasing since 2009. Thus, this is projected to fall even further soon, most particularly when the battery storage capacity 
increases. 

 

  
 

Figure 4: The photovoltaic power potential in Africa 

 
To meet the looming electricity demands, more of Africaôs energy will  have to be derived from renewable energy sources such 

as solar, wind, and hydropower. Thus, Africaôs large rural population presents opportunities for decentralised micro-grid 
installations supplied by renewable energy. This is supported by one of the key messages of the SDG7 achievement policy 
document which reads: ñTo deliver universal energy access by 2030, decentralised options are the least-cost option for 60% of 
people currently lacking accessò. Thus, Africa can achieve enhanced power supply for its citizens. 

 
 

18 S. Hermann, A. Miketa, N. Fichaux (2014), Estimating the Renewable Energy Potential in Africa, IRENA-KTH working paper, International Renewable Energy Agency, 
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1.4.1 Why solar energy is currently failing in addressing Africaôs energy needs 

With an unelectrified population of 650 million across the continent, the required distributed generation capacity is 104 TWh/ 

year, entailing of a battery storage capacity of roughly 700 GWh.19 However, it must be noted that this is a small fraction of the 

solar PV resource potential of Africa. Therefore, this immediately begs the question of why many people in Africa are there still 

without electricity. The main reason for such disparity is the cost needed to store the electricity generated from solar sources. 

In particular, the main reason for such a cost and uneven distribution are solar energy storage technologies. Notably, the cost of 

solar panels has decreased considerably to a point where they are now within reach for numerous African inhabitants. Therefore, 

the main impediment to large-scale adoption of solar photovoltaics is the cost of energy storage. While there are other energy 

storage solutions such as flywheels, compressed air, thermal, pumped hydro, and supercapacitors, batteries remain the most 

flexible technology. 

 
Traditionally, lead-acid batteries have been employed with solar photovoltaics and they remain popularly used as energy storage 

units for numerous Africans because of their low cost. Evidently, energy storage technology is the single most important factor 

and deciding the success or failure of SDG7 in Africa. Therefore, this has major continental implications on government policies 

that govern and regulate solar energy generation and storage frameworks. Thus, the question that African governments need to 

answer is how they can generate electricity of 104 TWh/year that is needed to power Africa through solar and wind energy 

translate into actual storage capacity. This scaling-up of storage facilities will  contribute tremendously to the immediate 

industrialisation programmes needed to increase the capacity of up to a factor of between 20% and 25% in Africa as shown in 

Figure 1.20 However, as it is, the photovoltaic generation remains an under-utilised potential.21 Incredibly, evidence has shown 

that this apparent paradox between the solar resource potential and its actualisation arises primarily from government policy. 

This is observed even though there are apparent grand opportunities with their adoption for electrification purposes in Africa. 

 

 

Figure 5: De-industrialisation in sub-Saharan Africa22
 

 

 

 
 

19 Renewables (2013), Global Status Report: https://www.ren21.net/wp-content/uploads/2019/05/GSR2013_Full-Report_English.pdf 
20  P. Trotter, Energy planning in Africa: Challenges and opportunities for insourcing capabilities, Smith School of Enterprise and the Environment University of Oxford, 

United Kingdom, Long-term Energy Scenario (LTES) Forum, Berlin, April  12th, 2019: https://www.irena.org/-/media/Files/IRENA/Agency/Events/2019/Apr/LTES- 

2019/Philipp-Trotter- 

--University-of-Oxford.pdf?la=en&hash=E5D20154DE9C03D63DEA775270B3CC1638720FEF. 
21  Jäger-Waldau, A., PV Status Report 2019, EUR 29938 EN, Publications Office of the European Union, Luxembourg, 2019, ISBN 978-92-76-12608-9, 

doi:10.2760/326629, JRC118058. 
22  International Monetary Fund: World Economic and Financial Surveys, Regional Economic Outlook, Sub-Saharan Africa (2015) 
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Other nations around the world are already aware and capitalising on the benefits of PV generation. Consequently, large-scale 

alliances and collaborations are being formulated for strategic positioning and competing for control of this technology. As the 

whole world is moving towards strategically positioning themselves to take advantage of these opportunities, Africa must follow 

suit. However, the question that African countries must answer is how they are going to position themselves at national, regional, 

and continental levels. Africa must also capitalise on the strategic advantages she has over other countries of the world, such as 

her talent of youth and endowment with natural resources needed for this kind of technology development, manufacturing, and 

implementation. Africa cannot afford to wait and see what transpires of this technology without active and deliberate 

participation. 
 

APET believes that Africa is at a critical technological turning point. This presents a rare chance for Africa that should not be 

let slip by and join the ever-growing list of missed opportunities for Africa. Currently, there is a global revolution in 

electrochemical energy storage that is going to leave the traditional models of human mobility and energy access turned on their 

heads. The critical consideration is where this technological turning point will  leave African countries. The solution is that, 

while it remains diffi cult to predict for certain at this stage, it remains apparent that Africans cannot afford the ñwait and seeò 

attitude. Instead, Africa must act with urgency by seizing any opportunities presented at her disposal. In addition, Africa must 

deliberately create other opportunities so her citizens can take control of their technological destiny in this rapidly churning 

global revolution. 
 

1.5 Batteries  at  the  centre  of the  challenge,  opportunity  and solution  
 

While the costs of electricity derived from renewable resources have fallen below the cost of electricity from fossil-based 

resources, renewable resources do not necessarily supply the correct quality of electrical power. A successful modern industry 

requires an uninterrupted, on-demand, consistent electricity supply of exact voltage (220V) and frequency (typically 50Hz). 

Therefore, the electricity generated using renewable resources such as wind and solar is typically not aligned with the demand 

generated by society. Thus, Africa needs cost-effective energy buffers that can be applied to mitigate the discrepancy between 

electricity demand and supply. Such buffers are known as Energy Storage Systems. 

 
Recently, major advances have been realised towards the development and production of Energy Storage Systems, most particularly 

systems containing Li -ion batteries. In addition, major car manufacturers worldwide are starting to see the inevitable and 

gear up to replace the internal combustion drive train with inherently more efficient battery-powered electric  motors. 

Furthermore, in 2018, the World Bank Group committed an initial US$1 billion towards a programme to accelerate investments 

in battery storage systems in emerging countries.23 These kinds of investments are intended to increase the effectiveness of wind 

and solar power, improve existing grid reliability and quality, and reduce carbon emissions. 

 

1.6 Conclusion  
 

There is a need for African governments to stimulate and ensure socio-economic advances in the production of Energy Storage 

Systems, by investing in next generation batteries such as Li -ion batteries. Notably, major car manufacturers worldwide are 

inevitably replacing the internal combustion drive train with inherently more efficient battery-powered electric motors. 

Therefore, there is a need for Member States investment towards a programme that will  accelerate battery storage systems in 

their countries. These kinds of investments can effectively increase the capacity for wind and solar power. Thus, improve the existing 

grid reliability and quality, and reduce carbon emissions. This can be executed so to address the looming electricity demands 

through renewable energy sources such as solar, wind, and hydropower. Consequently, this is support Africaôs decentralised 

micro-grid installations supplied by the renewable energy and accomplish SDG7 policy frameworks that are aimed at delivering 

universal energy access by 2030 to the 60% of African people currently lacking access. Thus, Africa can achieve enhanced 

power supply for its citizens. 

 

 
 

 

23 https://www.worldbank.org/en/news/feature/2018/09/26/powering-new-markets-for-battery-storage 
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2.1 Introd uct ion to  Batt eri es 
 

Electrical power plays a fundamental role in our daily modern life. Today, many of the 3rd Industrial Revolution devices for 

computing and communications such as portable computers, tablets and mobile phones rely heavily on power from energy 

storage devices such as batteries. Although we cannot store electricity, we can store electrical energy in the chemicals found 

inside a battery and later convert that energy into electricity when needed. 

 
A battery is formed when two or more cells are connected. An individual energy cell is a complicated system of chemistries and 

components, packaged in an effective way to facilitate practical energy storage applications. All  cells comprise three essential 

components known as the anode and cathode terminals (typically metals), and an electrolyte medium (Figure 6). The electrolyte 

medium separates these terminals while allowing the flow of electrical charge between them. When discharging electricity 

through the connected external circuit, ions from the anode transport current through the electrolyte in the cell, while the 

electrons flow in the external circuit. This process is what generates an electric current to power the devices that the batteries 

are connected to. 

 

Figure 6: Li-ion battery showing anode (negative terminal) 

and cathode (positive  terminal) electrodes, separator, and 

electrolytes 

Leaps of significant technological advances in energy storage 

have been made since the Italian physicist Alessandro Volta 

created the first modern-day battery in 1800, with numerous 

chemistries and methodologies employed since then. The 

rechargeable lithium-ion battery is today the most widely 

applied battery since its first commercial release for portable 

electronics by Sony and Asahi Kasei Corporation in 1991. 

Lithium is the lightest of all known metals and it has the 

greatest electrochemical potential, thus offering one of the 

best energies to weight ratios.24 Thus, it is no surprise then that 

lithium-ion batteries have become the most highly invested 

battery technology for most modern rechargeable applications. 

This includes the latest global drive towards the electrification 

of vehicles for a cleaner environment. Advances in battery 

technology have primarily been made in the chemistries, 

physicochemical, and mechanical characteristics of cathodes 

and anodes. However, there has been a much stronger focus 

on the electrolyte recently. Consequently, these advances are 

yielding higher energy and power densities, reduced physical weight and size, a longer cycle life, improved safety, and 

significant cost reduction. 

 

 

 

 
 

Critical  Analysis  of  Next -Generation  Batteries  

2 

24  P. Peljo, H.H. Girault, Electrochemical potential window of battery electrolytes: the HOMOïLUMO misconception, Energy and Environmental Science 11 (2018) 
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2.2 Characte ri st ics of Current  and Next -Generation  Batt er ies 
 

In addition to being affordable and safe, the ideal battery should be able to store the largest amount of energy for the 

smallest mass and volume (energy density). The battery should also be able to deliver and/or accept the highest amount of 

energy in the shortest possible time (power density). An ideal battery should be able to withstand the largest number of charge 

and/or discharge cycles (long cycle life). These three requirements are a challenge to mutually optimise in the same battery, 

leading to what has been called the ñbattery trilemma,ò as shown in Figure 7 (a). The performance of the selected battery 

technologies is compared to the internal combustion engine as shown in Figure 7 (b). In Figure 7 (b), the green arrow showed 

the preferred path in the development of battery technologies as it offers an ñidealò balance between energy and power densities. 

Thus, all battery technologies lie above the green arrow, indicating comparatively low power densities. In contrast, the 

supercapacitors exhibit very high-power densities, but poor energy densities. However, all the battery chemistries above ñlithium 

ionò in Figure 7 (b) are yet to be commercially demonstrated. But even to commercialised, deviate significantly from the green 

arrow. Therefore, this showed that major advances are required to bring battery technologies closer to the performance of the 

internal combustion engine. 
 

 

Figure 7: (a) Performance considerations in battery technology lead to a ñbattery trilemmaò, and; (b) The dream of a battery 

technology that can compete with the internal combustion engine in both energy and power densities. 

 

2.2.1 Summary of the current battery technologies 
 

The different lithium-ion battery technologies are classified into ñchemistries,ò loosely based on the chemical composition 

of the cathode. The five main chemical compositions of the current technologies include lithium cobalt oxide (LCO), lithium 

nickel cobalt aluminium oxide (NCA), lithium nickel manganese cobalt oxide (NMC), lithium manganese oxide (LMO), and 

lithium-iron- phosphate (LFP). All  these chemical compositions employ a graphite (carbon) anode. But the sixth chemistry 

was also defined as a lithium-titanate (LTO). In this case, the graphite in the anode of LMO or NCA is replaced with lithium 

titanate. Of these six, LCO is the most mature chemical composition and chemistry of choice for consumer electronics. However, 

this is not the focus of this report. The characteristics of the remaining five main battery chemical compositions can be 

qualitatively compared on multi-criteria charts as shown in Figure 8. In addition, these charts reveal significant variation among 

the different chemistries on the six criteria under consideration. Evidently, NMC exhibits the most balanced profile of these 

charts. Therefore, this feature along with a comparatively clear path towards further advances makes this battery chemical 

composition an attractive choice for large-scale production. 
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Figure 8: A qualitative comparison of the five main battery chemistries on six criteria. The ñPerformanceò axis refers to how the 

battery performs under both hot and cold weather conditions. NMC offers a more balanced profile on all six criteria, which partly 

explains why this chemistry currently commands the most interest in research, development, and large-scale production. 

 
Lithium-ion battery technologies are also classified into ñgenerations,ò even though this is an unambiguous delineation under 

this classification. Table 1 showed the classification that was partially adopted in this report. Notably, the ñgenerationsò have 

been defined based on the specific battery chemical composition. For specific chemistry, the generations reveal more clearly a 

strategy for performance advancement. For example, for NMC in Figure 8, showed a two-prong strategy of increasing energy 

density by increasing nickel content and reducing costs by reducing cobalt content. On the other hand, the industry-wide 

generations of Table 1 only exhibit broader strategies. For instance, Table 1 showed that until Generation 3, advances were 

mainly in the cathode. But since then, advances were taking place in both electrodes and the electrolytes. According to Table 1, 

the next-generation (highlighted) batteries will  be from two chemical compositions. The first chemical composition consists of 

high-energy NMC (HE-NMC) that contains a high lithium content NMC. The second chemical composition is the high-voltage 

spinel (HVS). The HVS is an improved LMO characterised by a partial replacement of the manganese with nickel. Both 

chemistries were complemented with anodes of increasing silicon content for higher capacities. 
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Table 1:   Generations of Lithium Battery Technologies.26

 

 

 
5 Lithium/Oxygen (Lithium-air) 

 

 

4 All -solid-state with Lithium metal anode 

Conversion materials (Lithium-sulphur) 
 

 

3b* Cathode: HE-NMC, HVS 

Anode: Silicon/carbon 
 

 

3a Cathode: NMC 622 to NMC811 

Anode: Carbon + Silicon (5-10%) 
 

 

2b Cathode: NMC523 to NMC622 

Anode: 100% carbon 
 

 

2a Cathode: NMC111 Anode: 

100% carbon 
 

 

1 Cathode: LFP, NCA 

Anode: 100% carbon 
 

 

 

*Generation 3b has been identified as the ñnext-generationò 

 

The different generations of battery technology lead to different addressable applications and these have been classified into 

three overlapping phases, according to Figure 9 (b). the next-generation batteries are targeting Phase II  of applications, most 

particularly the electric vehicles and energy storage systems (ESS) such as for mini-grids. Thus, the pivotal role of the next- 

generation batteries to ESS is the centerpiece of this report. As advanced NMC chemistry, followed by HVS, is envisaged to 

initially  dominate Phase II  applications. These will  be primarily driven by automotive applications as shown in Figure 9 (a). 

Therefore, the proposed immediate strategy for industrialisation is focused on this Phase II  application corresponding chemistry. 

Nonetheless, this view is by no means universally accepted. For instance, NCA has been suggested as the most suitable for solar 

home systems (SHS) because of their high energy density beating LFP on price.27 However, there is a perception that the overall 

cost profile of NCA relative to NMC (Figure 9) makes it unfavourable for large-scale ESS in the African context. 

 

 

Figure 9: (a) Advances in NMC chemistry according to generations, and; (b) Applications for lithium-ion batteries divided into 

three phases with more advanced chemistries demanded, for applications in the outer regions. 

 
 

 

26  T. Placke, Progress and Challenges: Generation 3b, European Battery Cell R & I Workshop, Brussels (2018) 
27  S. Deuten, J.J.G. Vilchez, C. Thiel, Analysis and testing of electric car incentive scenarios in the Netherlands and Norway, Technological Forecasting & Social 

Change 151 (2020) 119847 
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2.3 Possible Technology  Roadmap  
 

To conclude this chapter, attempts of a technology forecast was made. Thus, the current situation where numerous of 

the battery chemical compositions are under investigation, it makes it incredibly difficult  to confidently predict the battery 

chemical compositions that will  potentially dominate the market in the future. Accordingly, the following discussion about the 

possible future evolution of battery technology ought to be understood in the context of this caveat. Furthermore, the 

primary drivers for transition to new battery technologies are different for various applications. For instance, power and energy 

densities are primary considerations in electromobility. However, the cost of production and affordability may override these 

other characteristics in large-scale stationary storage applications. This report is mainly focused on the latter applications. 

Thus, this latter technology cost and affordability for Africa will  be elaborated upon throughout this report. Table 2 is a projected 

technology trajectory to a period just beyond 2030 by the International Energy Agency (IEA). Unsurprisingly, there are some 

slight differences between Tables 1 and 2 that are reflecting the inherent uncertainties in these projections. Nonetheless, the 

broad perspective is the same. 

 
 

 

Table 2: Expected commercialisation timeline for battery technology up to just past 2030. 

 
What is currently available in the market since 2017 are the cathodes comprising of NMC111, graphite as anode and electrolytes 

which consist of organic solvent and LiPF6 salts. However, since 2020, an anode that consists of carbon alloys, cathode consisting 

of NMC622, and electrolyte that is of a gel polymer are being developed. The next generation Li -ion batteries projected to 

emerge around 2025 will  consist of cathodes known as NMC811, anodes made from graphite and silicon (5-10%), and 5V 

electrolyte salts. The advanced Li -ion consists of Li  metal HVS cathodes, graphite and silicone composites as anodes and 

polymeric electrolytes (Table 2). Beyond the Li -ion batteries consists of Li -air and Li -sulphur as cathode, anode, and electrolytes 

beyond 2030. 
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2.3.1 Advanced Lithium-ion Batteries 
 

These batteries aim to achieve high energy densities through a combination of high-voltage cathodes (about 5 eV) and high- 

capacity anodes such as graphite/silicon composites (about 1500 mAh/g compared to 400 mAh/g for graphite). However, the 

high voltages impose new stringent demands on the electrochemical stability of the electrolytes. To address this and other 

challenges, solid electrolytes are under development. For example, inorganic solid electrolytes, particularly oxides, appear 

to be the most promising since organic solid electrolytes. Currently, the organic solid electrolytes do not meet the conductivity 

threshold and have to be operated at high temperatures ranging between 50°C and 80°C.28 Fortunately, there appears to be 

significant progress towards advanced lithium-ion batteries with numerous companies. Recently, announcements of prototypes 

have been made by Sion Power Corporation. This company introduced their Licerion battery with a Li  metal anode and a Ni- 

rich cathode providing an energy density of 500 Wh/kg. 
 

2.3.2 Beyond Lithium-ion Batteries 
 

There are conversion chemistries involved in Li -ion batteries, but the lithium is the charge carrier. Furthermore, the preceding 

chemistries rely on intercalation chemistry. This means that they rely on reversible insertion and de-insertion of lithium ions at 

the battery electrodes. However, there is a fundamental limit  of between 350 Wh/kg and 400 Wh/kg in the amount of lithium 

ions that can be accommodated inside the crystal structure of an electrode. As advanced lithium-ion batteries are already 

expected to reach this limit, chemistries that  overcome this limit  are  imperative. Interestingly, the lithium  conversion 

chemistries offer the most promising solution to such limitations. Among these are lithium-sulphur and lithium-air, with the 

former closer to commercialisation. For example, Oxis Energy is planning to commercialise lithium-sulphur batteries. These 

kinds of batteries are targeting the transportation industry, primarily aviation, buses, and trucks.29 Hence, the lithium-sulphur 

batteries offer a very high theoretical specific capacity of 1675 mAh/g, the energy density of 2600 Wh/kg, and high energy 

efficiency of 80%.30 However,  the severe capacity fading is caused by the shuttle effect of the polysulfide. Therefore, this needs 

to be addressed for large-scale commercialisation of lithium-sulphur batteries.31
 

 

2.3.3 Beyond Lithium Batteries 
 

The chemistries belonging to these kinds of batteries are neither in Table 1 nor 2. This is because these elements of interest represent 

a complete departure from lithium as the core of the technology by adopting other elements. For example, they incorporate 

sodium, magnesium, aluminium, and zinc elements. As these chemistries are fundamentally analogous to lithium technology, 

they are roughly expected to follow with some leap-frogging analogous trajectories. For example, the sodium-ion, advanced 

sodium-ion, and beyond sodium-ion chemistries. Notably, the increasing interest towards these elements is their natural 

abundance leading to their affordability and favourable environmental profiles leading to their sustainability. Thus, there is 

significant ongoing research in ion and conversion chemistries for sodium,32 magnesium,33 aluminium,34 and zinc.35 However, 

at this point of the research, it is impossible to project their commercialisation timeline. 

 
 

 

28  J. Schnell, N. Vaishali, L.W. Horowitz, F. Paulot, P. Ginoux, M. Zhao, D.E. Horton, Air  quality impacts from the electrification of light-duty passenger vehicles in the 

United States. Atmospheric Environment 208 (2019) 95-102 
29  https://oxisenergy.com/ 
30  A. Eftekhari, The rise of lithiumïselenium batteries, Sustainable Energy Fuels 1 (2017) 14-29: https://doi.org/10.1039/C6SE00094K 
31 H. Wei, Y. Liu, X. Zhai, F. Wang, X. Ren, F. Tao, T. Li,  G. Wang, F. Ren, Application of Carbon Nanotube-Based Materials as Interlayers in High-Performance Lithium- 

Sulfur Batteries: A Review, Frontier Energy Research (2020): https://doi.org/10.3389/fenrg.2020.585795 
32 V.L. Martins, H.R. Neves, I.E. Monje, M.M. Leite, P.F.M. De Oliveira, R.M. Antoniassi, S. Chauque, W.G. Morais, E.C. Melo, T.T. Obana, B.L. Souza, R.M. Torresi, An 

overview on the development of electrochemical capacitors and batteries: Part II,  An Acad Bras Cienc 2 (2020) 92: e20200800 DOI 10.1590/0001-3765202020200800 
33  Z. Zhao-Karger, M. Fichtner, Beyond intercalation chemistry for rechargeable Mg batteries: A Short Review and Perspective, Frontiers in Chemistry, 6 (2018) 656: doi: 

10.3389/fchem.2018.00656 
34 T. Leisegang, F. Meutzner, M. Zschornak, W. Münchgesang, R. Schmid, T. Nestler, R.A. Eremin, A.A. Kabanov, V.A. Blatov, D.C. Meyer, The aluminium ion battery: A 

sustainable and seminal concept? Frontiers in Chemistry (2019): https://doi.org/10.3389/fchem.2019.00268 
35  W. Zhang, X. Zhai, Y. Zhang, H. Wei, J. Ma, J. Wang, L. Liang, Y. Liu, G. Wang, F. Ren, S. Wei, Application of manganese-based materials in aqueous rechargeable 

zinc-ion batteries, Frontiers in Energy Research, (2020): https://doi.org/10.3389/fenrg.2020.00195 
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The redox flow batteries (RFBs) are a different battery format because they primarily rely on the reduction-oxidation (redox) 

reaction between two salt solutions that are stored in separate tanks. In this case, during the redox operation, each solution is 

pumped through one of the electrode compartments of the cell where the solutions are situated. These salts can interact through 

a permeable membrane that allows for the redox process to occur. Because of the low energy densities, this battery configuration 

is intrinsically suited to large-scale (at least tens of KWh to the MGWh scale), and long-term storage which can be more 

than 6 hours. However, these are enabled by the large tanks installed for higher capacity. Thus, RFBs appear to be an attractive 

proposition for Africaôs electrification through mini-grids and micro-grids. Nonetheless, the capital cost of the vanadium flow 

battery, which is the most developed of these technologies, remains too high for deep market penetration. But since Africa does 

not possess a strategic advantage in this battery technology, this report does not pursue it further. 
 

Notably, supercapacitors are not traditionally defined as batteries. This is because supercapacitors store their energy 

electrostatically, instead of electrochemically, as traditional batteries do. That is why, as energy storage devices, supercapacitors 

can either compete with or complement batteries. Supercapacitors are characterised by their high-power density and very low 

energy density as shown in figure 7 (b). Unfortunately, their low energy density coupled with self-discharge remains a major 

drawback that limits supercapacitors applications. Their only niche application is only electric buses. Supercapacitors can be 

employed in tandem with batteries for applications demanding both high energy density (batteries) and high-power density 

(supercapacitors). Consequently, supercapacitors will  not be discussed any further in this report. 

 
2.4 Conclusion 

 
An ideal battery ought to be cheap, safe, and be able to store the largest amount of energy for the smallest mass as well as 

energy density. Innovators ought to ascertain that the battery can deliver and/or accept the highest amount of energy in the 

shortest power density. In this way, the ideal battery can hold up the enormously long-life cycles. Therefore, African innovators 

can ensure that the batteries are mutually optimised with energy and power densities. Thus, all battery technologies must exhibit 

high-power densities. Hence, such batteries can enhance the continental drive towards emerging technologies, more especially 

artificial intelligence, digital technologies, and the electrification of mechanisation for a cleaner environment. Notably, advances 

in battery technology have primarily been in the chemistries, most particularly, physicochemical, and mechanical characteristics 

of cathodes and anodes. Therefore, African innovators ought to focus on electrolyte chemistry to improve efficiencies. Thus, 

Africaôs innovators can yield higher energy and power densities, reduced physical weight and size, a longer cycle life, improved 

safety, and significant cost reduction. 
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3.1 The context of next generation batteries in Africaôs needs 

 
While the rest of the developed world is navigating towards Industry 4.0 with technologies such as autonomous vehicles, 

artificial intelligence, internet of things, drones, robotics and wearable devices, numerous parts of Africa have not yet 

successfully implemented Industry 2.0. Thus, it remains clear that African countries need to invest in an energy supply that is 

reliable, accessible, and affordable before implementing the latest technologies. Therefore, in identifying applications for next 

generation batteries for Africa, the focus should first be on addressing the dire need for stable and continuously available energy 

supply. Thus, failure to address this energy crisis immediately, will  most likely be disastrous for Africaôs future. This challenge 

will  hinder the technological advancement of Africaôs inhabitants. Hence, for now, to address this energy challenge, investment 

and innovation efforts must focus towards the best and latest battery technologies for Africaôs huge energy storage needs. Thus, 

addressing the future applications of the next generation batteries for Africa can enable the advent of the new Industry 4.0 

technologies. This is because industry 4.0 technologies are highly reliant on reliable, accessible, and affordable energy supply 

for successful applications and implementations. 
 

3.2 Current applications of NGB in Africa 
 

Numerous successful projects have  been  completed  in 

Africa, where batteries have complemented large-scale solar 

installations. One such example is a combined solar plant and 

battery system situated in the Zambian Province of Chisamba. 

This system is stationed at the Agricultural Knowledge and 

Training Centre based in the Chibombo District. This plant is 

run by the German and Zambian Ministry of Agriculture. The 

plant consists of 260 solar modules with a total capacity of 86 

kWh. This plant supplies a 90,000 m2 grain-field farm with 450 

kWh needed for  renewable energy meant for  irrigation 

purposes up to 12 hours per day. It was reported by Tobias 

Kriete (BayWa r.e. Africa Regional Manager for Solar 

Projects)36 that the combined PV plant and battery system were 

designed to ensure a stable supply of electricity. This was 

specifically addressing energy security and productivity. 
 
 

In some parts of Africa such as South Africa, next generation batteries are being employed in more advanced technologies such 

as drones for agricultural and aerial photography, unmanned aerial vehicles (UAV) for military and logistics, and robotics for 

security and education. It is also utilised on the Internet of Things (IoT) applications such as remote sensing and traffic 

monitoring. For example, the Lightstone, a South African analytics company, revealed that since the inception of electrically  
 

 

Relevance  of  Next -Generation  Batteries  to  Africaõs Development  

3 

36 https://www.baywa-re.fr/en/company/news/details/national-energy-globe-award-for-solar-project-in-zambia/ 
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powered vehicles (EV) in South Africa, a total of 375 have been sold. Incredibly, the sales of electric vehicles (EV) are 

estimated to account for 55% of all new vehicle sales by 2040. Thus, this clearly demonstrates the potential that the next 

generation batteries possess in Africa. This is because next generation batteries will  observe the greatest future demand coming 

from EVs. 

 
3.2.1 Case studies of next generation batteries 

 

In this sub-section, relevant case studies of next generation battery applications are being presented. One case study is 

successful, and the other case study was unsuccessful. 

 
3.2.1.1 Case Study: Electric bus powered by Lithium ion batteries37

 

 
Market:  Commercial 

Solution:  Fully Electric Bus 

Product:  Lithium-ion intelligent battery module assembled into a system of 

92kWh at 332V. 

App lication : Working with a leading global bus builder, Valence has become 

a key supplier of electric buses in Europe. The main offering in this range of 

vehicles is a 10-meter bus that can carry up to 37 seated passengers and has a 

maximum range of 150 kilometers. The electric buses are powered through 

lithium-ion batteries with wireless charging and full  remote monitoring. 

Result : This vehicle is such a success that it is being used across the United 

Kingdom and Europe for city transportation, university transport, airport 

and ride shuttles, and tourism. Currently, there are over 60 buses that are in service. Furthermore, this vehicle is well- 

positioned to be part of the largest fully  electric bus fleet in Europe. 

 
3.2.1.2 Case Study: Galaxy Note 7 recall38

 

 
Market:  Commercial 

Solution:  Lithium-ion battery for mobile cellular phone 

Product:  Mobile Cellular phone Galaxy Note 7 

App lication : Fires emanating from the battery caused bodily harm to several people as well as property damage reports that 

were filed. Samsungôs probe found that the overheating and burning of the phones was caused by faults within the batteries. 

According to the findings, the problems emanated from insufficient insulation material within the batteries. The design did not 

provide an adequate room that could safely accommodate the batteriesô electrodes. 

Result : The primary recall occurred on September 15th, 2016, with 1 million cellular phones being recalled. There were 66 

reports of battery failures between August 16th and September 15th, 2016. Eventually, all cellular phones were deactivated to 

avoid further liability  issues with the cellular phones that had not been sent back during the recall. 

 

3.3 The  relevance  of Next  Generat ion  Batteries  in Afr ica 
 

The lithium-ion battery has transformed the way we live and work. This is because their ability to store substantial energy in 

small footprints has resulted in the mass distribution of portable electronic devices across the continent. This includes mobile 

phones and portable computers throughout Africa. In many parts of Africa, the number of people with mobile phones far 

outnumber those with access to electricity. Notwithstanding, many must walk a great distance to get a clear telecommunications 

signal and/or recharge their deviceôs batteries. 
 

 

37     http://lithiumwerks.com/wp-content/uploads/2016/02/Case-Study-Motive-Electric-Bus-Optare.pdf 
38 https://en.wikipedia.org/wiki/Samsung_Galaxy_Note_7 
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With a penetration of 44% in 2017, mobile phones have transformed the 

lives of hundreds of millions of African. In most cases, these mobile phones 

are the first and only way to connect for most Africans with the outside 

world. Of course, mobile phones (and tablets) rely on battery storage, with 

the dominant technology being lithium-ion batteries. Interestingly, mobile 

phone technology has made it possible for poor countries to leapfrog 

outdated and expensive landline telephonic installations. For instance, in 

2017, according to gmsa.com, mobile technologies and services generated 

7,1% of the GDP across sub-Saharan Africa. This was a contribution 

amounting to US$110 billion and supporting over 3 million jobs in the 

mobile sector ecosystem. 

Mobile-money services is an innovative technology that has enabled 

Africans people to  send money directly from their  mobile devices to 

purchase services and products. Mobile-money services have significantly 

transformed the way money is transferred across the continent. For example, 

the Mobile Economy Sub Saharan Africa (2018) reported that in 2017, the 

total value and number of mobile money transactions grew by 14,4% and 

17,9% to reach $19,9 billion and $1,2 billion, respectively.39 Across the 

region, it was observed that mobile money continues to play a significant role 

in offering financial services to people with limited access to conventional financial institutions. Therefore, renewable energy 

presents the greatest opportunity for Africa to leapfrog the dire need for access to clean energy that is accessible, reliable, 

and affordable. This access will  enable more Africans to have access to mobile phone and digital technologies that will  address 

their socio-economic challenges. Therefore, the next generation batteries are significantly complementing the renewable 

energy sources. This will  allow for a continuous supply of electricity even when the renewable source is inactive, such as 

when the sun is not shining on solar panels. 

3.4 Harnessing  the  power  of NGB  
 

It has been found that there is a direct correlation between economic 

growth and a reliable electricity supply. Therefore, if  Africa is to fulfil  

its promise of uplifting its people through poverty alleviation, it needs 

power and clean renewable power. In addition, the former World 

Bank President Dr Jim Yong Kim stated that battery storage can help 

African countries leapfrog to the next generation of power generation 

technology and expand energy access. Thus, for the developing 

African countries, next generation batteries are a game-changer. 

 

The reality is that energy storage is going to unlock huge opportunities for more renewable energy investment in Africa. This 

will  be at both utility  and distribution levels. Consequently, this will  completely disrupt the traditional African power sector 

model. The expectation is that up to 42% of people in Africa will  be serviced through off-grid or mini-grid solutions by 2050. 

In addition, the rural areas with limited infrastructure and power supply, the off-grid battery energy storage solutions will  fill  

the gap of energy shortages. This will  empower numerous rural people and businesses currently with limited access to power 

supply. 

In a major announcement at the One Planet Summit in September 2018, the World Bank Group committed US$1 billion for a 

new global programme. This new global programme will  accelerate investments in battery storage for energy systems in 

developing and middle-income countries, such as African countries. In addition, the World Bank Group is expecting to 

mobilise another US$4 billion in concessional climate financing and public and private investments. Thus, the battery 

storage programme is envisaged to develop middle-income countries. 
 

 

39 State of the Industry Report on Mobile Money (2018): https://www.gsma.com/r/wp-content/uploads/2019/05/GSMA-State-of-the-Industry-Report-on-Mobile-Money-2018- 
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This will significantly ramp up their utilisation of renewables, most particularly wind and solar power. Consequently, this will  

improve energy security, increase grid stability, and expand access to electricity for African countries. For far too long, Africa 

has been referred to as the ñdark continentò because of lagging behind in technological transformation and reliable power 

generation. Therefore, the energy transformation through next generation batteries is the tipping point for Africaôs future. 

Potentially, this transformation will  provide new opportunities for unprecedented growth. For instance, it will  enable businesses 

to get started and grow, generate jobs for Africaôs youth, and even create new markets across the continent. Additionally, 

children from most African countries currently without electricity can be able to study after dark. On the other hand, healthcare 

facilities such as hospitals and clinics can store life-saving vaccines, even when having unreliable power supplies. Thus, African 

countries can grow more competitive economies and improve the overall quality of life for all Africaôs citizens. 
 
 

3.5 Desirable cr iter ia for m icrogr ids 
 

For the Li -ion battery technology to effectively develop and be competitive for grid-connected use in Europe, the specific 

battery- bank costs must be under ú200/kWh with a lifetime above 2500 cycles.40 Thus, it is more likely that Li -ion batteries 

will  become more competitive for distributed power before they are adopted for centralised applications. Amongst the LIBs 

chemistries, the LFP is the chemistry that is more likely to dominate the grid storage space. This will  occur primarily because 

of their longer cycle life, low cost, and eco-friendly material.41 As manufacturing costs fall through learning, the floor price will  

ultimately be dictated by the essential materials such that of NMC, which is not expected to fall below $100/kWh.42
 

 

 

3.6 Concl usion  
 

Currently, Africa is navigating its way towards Industry 4.0 

with technologies such as autonomous vehicles, artificial 

intelligence, internet of things, drones, robotics, and wearable 

devices. However, Africa is yet to successfully implemented 

Industry 2.0. Thus, African countries need to urgently invest 

towards energy supply that can  be  reliable,  accessible, 

and affordable so to effectively implement these intended 

emerging technologies. Therefore, Africa is encouraged to 

focus on addressing the dire need for stable and continuously 

available energy supply. Successful implementation of 

reliable energy supply in the form of the next generation 

batteries will  power advanced technologies such as drones 

for agricultural and aerial photography, unmanned aerial 

vehicles (UAV) for military and logistics, Internet of Things 

(IoT), artificial intelligence, blockchain technologies, electric 

vehicles, and robotics for security and education. Thus, this 

clearly demonstrates the potential next generation batteries 

that will  observe the greatest future demand in Africa. 

 

 

 

 

 
 

40  H.C. Hesse, M. Schimpe, D. Kucevic, A. Jossen, Lithium-Ion Battery Storage for the GridðA Review of Stationary Battery Storage System Design Tailored for 

Applications in Modern Power Grids, Energies 10 (2017) 2107: https://doi.org/10.3390/en10122107 
41  G. Zubi, R. Dufo-López, M. Carvalho, G. Pasaoglu, The lithium-ion battery: State of the art and future perspectives, Renewable and Sustainable Energy Reviews, 89 

(2018) 292-308: DOI: 10.1016/j.rser.2018.03.002. 
42  MIT Energy Initiative. 2019. Insights into Future Mobility.  Cambridge, MA: MIT  Energy Initiative. http://energy.mit.edu/insightsintofuturemobility 
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The sub-Saharan Africa power sector is significantly underdeveloped in terms of installed capacity, energy access, and/or overall 

consumption. Since access to clean, affordable, adequate quality electricity is an essential component in any modern economy, 

any electricity shortage correlates directly with missed opportunities for GDP growth and poverty alleviation. Thus, the socio- 

economic promise to Africa, in general, is vested in the ability of Africaôs governments and investors towards a drastic 

acceleration in the electricity production capacity. 

 
If  national wealth creation and prosperity for Africans is the desired benefit, African governments need to formulate regulatory 

frameworks (RFW) around the localisation of state-of-the-art battery production. This RFWs will  enable the deployment 

of large numbers of micro-grids to meet the electricity generation capacity growth. Furthermore, Africa needs to formulate well- 

coordinated research, development, and innovation (RD&I)  strategic plan. This RD&I strategic plan will  sustain an African 

human resource pool that can meaningfully contribute to the sustainable development of next generation batteries. Currently, 

the greatest risk that the African continent needs to urgently address is the absence of a clear commitment towards the RFW 

and RD&I strategic plan. 

 
The risks and benefits of both approaches are explained in this sub-section 

 

4.1 Risks and benefits  pertaining  to  local  mineral  beneficiation  towards  the  production  
of state-of-the -art  batter ies 

 

The sheer size of the international NGB market is primarily driven by the worldwide desire to convert the transportation industry 

from the conventional internal combustion engine (ICE) to an electromotive engine. While it has been known for several years 

that electrically-driven transportation is far more energy-efficient than transport made possibly with the ICE, there are 

two other reasons that have caused this conversion to gain momentum. The first reason is that it has been projected that the cost- 

effectiveness and economic feasibility of NGB will  enable the mass production of EV and power electric vehicles. Furthermore, 

the perceived risk emanating from the human-induced climate change has caused governmentsô considerations around the world 

towards targeting partial or complete ban of internal combustion engines. Overshadowed by the EV battery market potential, 

but still very prominent on its own, is the potential of batteries, often referred to as ñthe holy grailò of renewable energy systems. 

Therefore, the next generation battery industry is expected to develop into a staggering multi-trillion  dollar market by 2040. 

With accurate and strategic planning, Africa has the potential to become a major beneficiary and be competitive against 

technologically savvy and industrialised countries across the world. 
 

A ñlow risk-high benefit scenarioò can be built around the beneficiation of these African resources that are linked to the predicted 

surge for battery-grade material. These materials include manganese, cobalt, nickel, lithium, graphite, flour, copper, and 

aluminium. Furthermore, apart from the revenues created from the production of battery-grade materials, local manufacturing 

of state-of-the-art batteries will  allow Africaôs continued export from its existing car assembly industry. Effectively, this will  

improve the position of Africaôs manufacturing and expand job opportunities for socio-economic development of Africans going 

forward. The financial risks associated with the establishment of an RFW are minimal. This is because the capital investment 

can be made by the private sector. The aim of establishing the RFW is primarily to protect the interests of Africans in the next 

generation value chain, prevent the export of raw and unrefined materials, and facilitate the local refinement of materials to 

Risks  and  Benefits  of  the  Next  Generation  Battery  Technology  
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battery-grade materials in exchange for export rights. Furthermore, since the main financial risk will  be borne by the private 

sector, there are numerous inherently cost-effective battery chemistries on the verge of commercial production. However, it 

remains risky to lock onto the batteryôs chemistry, even though it is currently regarded as the state-of-the-art. Notably, changing 

battery assembly plant from a graphite anode/NMC811 cathode into a Li -anode /sulphur cathode is not just about adjusting the 

assembly line, but has major implications to the raw material processing systems leading to expensive alterations. Thus, the 

current state-of-the-art battery is expected to have a higher content of elements that is strategic to Africa. The NGB is chasing 

inherently cheaper materials made from Zn/air, LiS, Li -air, and with enhanced thermal storage properties. These materials are 

widely available minerals, and this presents an opportunity for African countries and private to increase profitability. 

 

4.2 Risks and benefit s pertaining  to  a coordinated  RD&I  plan 
 

The financial burden associated with the development of a coordinated research development and innovation (RD&I)  plan is 

substantial. This is because the investment in human resource and battery technology may only show financial benefits in the 

long run. In addition, the unique intellectual property outputs generated by the human resources that form part of the RD&I plan 

are competing with well-established and significantly better-funded research consortia worldwide. However, without an RD&I 

plan, the sustainability of the African battery industry will  be compromised. Nevertheless, the financial risks of these initiatives 

are certainly controlled if  the RD&I  is focused on African based battery material refinement, battery assembly and development 

within Africa, and effective and well-distributed deployment of an energy storage system. However, African countries must 

avoid a case where they risk developing the technology within the continent, only to completely abandon the minerals through 

which Africa has a strategic advantage. Therefore, it is essential that African Union Member States take charge of technology 

development and ensure that it matches Africaôs strategic advantages. 

 
4.3 Conclusion  

 

Presently, the sub-Saharan Africa power sector is significantly underdeveloped with respect to installed capacity, energy access, 

and overall consumption. However, African Union Member States ought to improve access to clean, affordable, and adequate 

quality electricity as an essential component of Africaôs economy. Notably, any electricity shortage correlates directly with 

missed opportunities for GDP growth and poverty alleviation. Thus, the socio-economic promise to Africa, in general, is 

vested in the ability of Africaôs governments and investors towards a drastic acceleration in the electricity production capacity. 

It also assists Member States to create wealth and prosperity for their citizenry. 

 
African governments need to formulate regulatory frameworks (RFW) around the localisation of state-of-the-art battery 

production. This RFWs will enable the deployment of large numbers of micro-grids to meet the electricity generation capacity 

growth. Furthermore, Africa needs to formulate well-coordinated research, development, and innovation (RD&I)  strategic plan. This 

RD&I strategic plan will  sustain  an African human resource pool that can meaningfully  contribute to the sustainable 

development of next generation batteries. Therefore, there is a need for a clear and urgent commitment to RFW and RD&I  

strategic plans. Fortunately, the NGB market will  grow as the innovation is primarily driven by the worldwide desire to convert 

the transportation industry from the conventional internal combustion engine (ICE) to an electromotive engine. This is because 

of the projected promise of their NGBôs cost-effectiveness, reliability, and economic feasibility. Hence, with accurate and 

strategic planning, Africa has the potential to become a major beneficiary and be competitive against technologically savvy and 

industrialised countries across the world with respect to NGBs. 
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5.1 Ethical considerations the environmental, social, and governance in LiBs industry 
 

The Environmental, Social, and Governance (ESG) paradigm is bringing about profound changes to the way private and private 

institutions conduct business as environmental, social, and governance issues increasingly rise in priority. Additionally, the 

African LIBs industry comes into being in a global context with high expectations of sustainability and business ethics to the 

point where ESG has become a competitive advantage.43,44  Therefore,  the  industry  is  encouraged  to  aspire  towards  a 

vision of the highest ethical motivation. That is, developing a business model embedded in stakeholder dialogue, participation, 

and collaborative sustainability management.45 The main aim of this model is promoting responsible business practices in 

order to preserve Africaôs collective heritage in nature, culture, and the care and protection of vulnerable groups in society such 

as women, children, the elderly, ethnic minorities, and the poor. Therefore, without the structural baggage of existing 

organisations, the African LIBs industry has a clear opportunity to leapfrog in ESG performance. This can be accomplished 

through appropriate design with respect to structural and policy frameworks from the outset. 
 

Regarding the lithium-ion batteries (LIBs) technology, the fundamental question that Africaôs innovators need to answer is what 

is an ñethical battery.ò Unfortunately, the discussion of LIBs ethics is complex, and two aspects must be clarified at the outset 

for tractability. The first aspect, as correctly noted recently by the London Metals Exchange,46 is that the perimeter and 

parameters of ethical considerations continue to evolve with growing knowledge and societal expectations. Accordingly, this 

discussion is only a snapshot in time of rapidly dynamic factors that will  shape and define our understanding of what constitutes 

an ñethical battery.ò Therefore, this suggests that the LIBs industry needs to stay alert to these developments and constantly 

reassess itself to proactively address the issues as they arise. The second aspect is that LiBs is an enabling technology. Therefore, 

as the LIBsô widen its applications and enabling various technologies, there must be an assessment of ethical implications in 

a wide range of sectors. Thus, it remains essential to clearly delineate the remit of this report with respect to the ethics of LIBs. 

In this regard, the scope of ethical considerations for this report in the LIBs value chain consists of mineral extraction, processing 

and refining, precursor and battery manufacturing, distribution, second life, and recycling and disposal. These considerations 

are made along with the associated research, development, and innovation activities, as shown in Figure 10. This necessary 

delineation excludes many important ethical issues in the various applications of LIBs. For example, the use of weaponised 

devices powered by LiBs. Within this value chain, some issues are general and cut across multiple operations. These are 

discussed first. On the other hand, those issues that relate to specific operations are addressed under their respective sections. 

 

 

 

 

 
 

43  M. Taliento, C. Favino, A. Netti, Impact of Environmental, Social, and Governance Information on Economic Performance: Evidence of a Corporate óSustainability 

Advantageô from Europe, Sustainability 11 (2019) 1738; https://doi.org/10.3390/su11061738. 
44  Favino, Christian, Taliento, Marco, Netti, Antonio, Impact of Environmental, Social, and Governance Information on Economic Performance: Evidence of a Corporate 

óSustaina- bility Advantageô from Europe, Sustainability 11 (2019): DOI: 10.3390/su11061738. - 
45  I. Oncioiu, D.-M. Popescu, A. Elena Aviana, A. Serban, F. Rotaru, M. Petrescu, A. Marin-Pantelescu, The Role of Environmental, Social, and Governance Disclosure in 

Financial Transparency, Sustainability 12 (2020) 6757-6773; doi:10.3390/su12176757. 
46    https://www.lme.com/-/media/Files/New-initiatives/Responsible-Sourcing/ 
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The Environmental, Social, and Corporate Governance (ESG) paradigm, in its general form, applies to all components of the 

LIBs value chain. The ñenvironmentalò aspect is primarily concerned with sustainable resource management and  the 

protection of the environment from harmful industrial emissions. The focus of the ñsocialò aspect is concerned with the people; 

employee working conditions as well as community/stakeholder relations. This essentially means the corporate social 

responsibility (CSR). Lastly, the ñgovernanceò aspect addresses the transparency of all processes and the avoidance of conflict 

of interest, as well as inclusivity and diversity. It also caters for the equitable compensation of employees and directors. All  

these aspects must be entrenched into the design of the industry, not only to fulfil  societal expectations but for the good of a 

responsible business. This is primarily because there is compelling evidence of positive correlations between the financial 

performance of corporations and their performance in environmental and social issues.47 In addition, there have been reports of 

recent evidence presented directly from the African context supporting this correlation.48
 

 

On the investment considerations, better performance has been reported for institutional investors that apply ESG metrics 

in the selection of investment portfolios using the Equator Principle.49 This investment approach in turn exerts more pressure 

on corporations for ESG performance.50 Accordingly, it is expected that businesses demonstrating greater transparency through 

ESG reporting will  attract better investment funding in the future.51 This is consistent with the green bonds performing at a 

premium over ordinary bonds.52 Already, a clear statement of the momentum towards transparent ESG reporting in the broader 

LIBs sector emerges from the recent December 2018 launch of the Task Force on Climate-related Financial Disclosure (TCFD) 

under the Electric Utility  Preparer Forum coordinated by the World Business Council for Sustainable Development.53 In this 

regard, LIBs will help mitigate climate change. This will happen if  they are primarily employed to facilitate renewable energy 

penetration, rather than storing energy from fossil fuels. 
 

Equality, diversity, and inclusivity are currently under the spotlight in the management circles. Rather than leaving these to 

chance, there is a thrust towards achieving them by the deliberate design of organisations.54,55 Many organisations are 

establishing equality, diversity, and inclusivity working groups to directly address these management issues. Some of the 

specific issues that they are focusing on include equal opportunity and addressing inequality. For example, institutions are 

addressing the gender pay gap, sexual harassment at the workplace, work-life balance, and actively seeking to reduce the 

vulnerability of disadvantaged social groups. Therefore, the African LIBs industry must not create new economic inequalities 

nor exacerbate existing ones by becoming a premium product only affordable to the rich. Consequently, government subsidies 

might be needed to facilitate the affordability of LiBs technology. 

 

 

 

 

 

 

 
 

47  E. Albertini, Does Environmental Management Improve Financial Performance? A Meta-Analytical Review, Organization & Environment 26 (2013) 431-457: DOI: 

10.1177/1086026613510301. 
48  A. Aboud, A. Diab, The impact of social, environmental, and corporate governance disclosures on firm value: Evidence from Egypt, Journal of Accounting in Emerging 

Econo- mies, 8 (2018) 442-458: https://doi.org/10.1108/JAEE-08-2017-0079. 
49  E. Nizam, A. Ng, G. Dewandaru, R. Nagayev, M. Nkoba, The Impact of Social and Environmental Sustainability on Financial Performance: A Global Analysis of the 

Banking Sector, Journal of Multinational Financial Management 49 (2019): DOI: 10.1016/j.mulfin.2019.01.002. 
50  A. Dyck, K.V. Lins, L. Roth, H.F. Wagner, Do institutional investors drive corporate social responsibility? International evidence, Journal of Financial Economics, 

131 (2019) 693-714: https://doi.org/10.1016/j.jfineco.2018.08.013. 
51  A. Hamrouni, R. Boussaada, N. Toumi, Corporate social responsibility disclosure and debt financing, Journal of Applied Accounting Research 20 (2019): DOI: 

10.1108/JAAR- 01-2018-0020. 
52  R. Johnson, The link between environmental, social, and corporate governance disclosure and the cost of capital in South Africa, Journal of Economic and Financial 

Sciences 13 (2020), 543: https://doi.org/10.4102/jef.v13i1.543. 
53                     https://www.wbcsd.org/Programs/Redefining-Value/External-Disclosure/TCFD/Resources/Disclosure-in-a-time-of-transition-Climate-related-financial-disclo- 

sure-and-the-opportunity-for-the-electric-utilities-sector 
54              https://www.gov.uk/government/publications/the-business-case-for-equality-and-diversity-a-survey-of-the-academic-literature,     https://www.forbes.com/sites/to- 

maspremuzic/2019/06/20/how-to-design-a-diversity-intervention-that-actually-works/ 
55  M. Derven, Diversity and inclusion by design: Best practices from six global companies, Industrial and Commercial Training 46 (2014): DOI: 10.1108/ICT-09-2013- 

0063. 
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Figure 10: A study of 890 companies shows a 2.5% higher return-on-equity (ROE) for companies that disclosed their diversity and 

equal opportunity (D&EO) policies.56
 

 
Another issue currently under intense scrutiny is that of gender diversity in corporate boards. Research has shown a strong 

positive correlation between corporate transparency when measured by ESG disclosures and the feminisation of corporate 

boards. However, this effect is only observed once the number of women members reach a critical mass.57,58 Hence, this indicates 

the need for a judicious design of corporate boards. In addition, the impacts of gender on corporate ESG performance are even 

more striking when one considers that if  an institutionôs CEO has a daughter, that institution can perform about 9% better than 

a median institution.59 Accordingly, all corporate entities formed directly from the implementation of this reportôs programme 

are encouraged to carefully design their corporate boards for optimal gender diversity. 

 
It is essential that the African LIBs industry strives for independent ESG reporting. Unfortunately, as it is a rapidly developing 

field, there is currently an explosive proliferation of independent frameworks for measuring and reporting the ESG performance 

of an organisation. In fact, it is estimated that over 150 rating systems exist, and they cover over 10,000 sustainability 

performance metrics.60 However, standardisation will eventually take place, with efforts in that direction already underway. In 

the meantime, possible choices for the African LIBs industry could include the Global Reporting Initiative (GRI), Dow 

Jones Sustainability Index (DJSI), and Bloomberg ESG Score. As this is a rapidly evolving area, the final decision ought to be 

left until the time of implementation. 

 

 

 

 

 
 

 
56     https://justcapital.com/reports/the-win-win-of-just-jobs/ 
57  M. Taliento, C. Favino, A. Netti, Impact of Environmental, Social, and Governance Information on Economic Performance: Evidence of a Corporate óSustainability 

Advantageô from Europe, Sustainability 11 (2019) 1738; doi:10.3390/su11061738. 
58  N. Mohamed, N.K. Allam, Recent advances in the design of cathode materials for Li -ion batteries, RSC Advances 10 (2020) 21662-21685: https://doi.org/10.1039/ 

D0RA03314F. 
59  M. Philippot, G. Alvarez, E. Ayerbe, J. Van Mierlo, M. Messagie, Eco-efficiency of a lithium-ion battery for electric vehicles: influence of manufacturing country and 

commodity prices on GHG emissions and costs, Batteries 5 (2019) 23: https://doi.org/10.3390/batteries5010023. 
60   https://www.ft.com/content/1244dc6e-8bec-11e9-a1c1-51bf8f989972 
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5.2 Mine ral  Extraction  and Pre-pro cessing 
 

The African LIBs industry will  be a customer of the various battery minerals that are mined across Africa. Consequently, mineral 

supply chains are under increasing pressure from the responsible sourcing movement demanding certification for the provenance 

of minerals. The issues in view include ñconflict minerals.ò ñConflict mineralsò are the minerals extracted from conflict zones 

where the revenue may be used to perpetuate the conflict, forced labour, worst forms of child labour, human rights violations, 

money laundering, corruption, and bribery. In addition, a more cumbersome problem is artisanal mining that, on one hand, has 

a big economic value to poor communities, while on the other, it is subject to unsafe and abusive working conditions. It will  

often result in the collapse of mine shafts and consequently deaths that are difficult  to monitor.61
 

 
As evidence of some of the momentum towards responsible sourcing, the London Metals Exchange (LME) published a position 

paper in October 201862 setting out a proposed pathway for its listed brands. These brands are supposed to carry out certified 

audits against the Organisation for Economic Co-operation and Development (OECD) due diligence guidance for responsible 

supply chains of minerals from conflict-affected and high-risk areas and/or equivalent standard. The LME will have the power 

to delist brands that do not comply with the new requirements. Notably, the LME position paper singled out cobalt, a crucial 

battery mineral, as the mineral demanding the most urgent attention. This greater focus on cobalt is in part because of the 

Amnesty International Report published in 2016. This report documented hazardous working conditions for both adults and 

children in cobalt artisanal mines in the Democratic Republic of Congo.63
 

 
It is therefore encouraged that the African LIBs industry, as a customer of the mineral supply chains, aims for industry best 

practice for responsible sourcing. In that regard, the LME position paper (and future developments from it) could serve as a 

benchmark for responsible sourcing for the African LIBs industry. In particular, the LME position paper requires environmental 

(ISO 14001) and occupational health and safety (ISO 45001) certification for the metal suppliers to its listed brands. Apart from 

the LME position paper, other recent initiatives also exist. Most notably, is the International Responsible Business Conduct 

Agreement for the Metals Sector.64 These positions for the best practice frameworks must be consulted during the development 

of the African LIBs industry. 

 
There is currently significant battery mineral prospecting and feasibility work across Africa. This suggests the prospect of 

emerging and large mining operations coming onstream soon. Such as the LME, the African LIBs industry should demand 

community engagement from its suppliers involved in these greenfield projects. thus, it is essential to obtain a social license 

to operate in cases where projects impact indigenous communities. This can be accomplished through recognition of local land 

rights, cultures (e.g., preservation of sacred natural sites), and traditions as well as the institutions that support them.65 Another 

important consideration in these greenfield projects is the preservation of biodiversity and protection of certain rare species. 

 

5.3 Batt ery  Manufactur ing 
 

There are two main ESG considerations for manufacturing in Africa. These considerations are the high energy intensity of 

battery manufacturing and product design for a circular economy. Therefore, several factors can influence the overall energy 

intensity of the battery manufacturing process including the cell chemistry, production volume, nature of processing steps 

such as the use of nanomaterials which are known to increase energy demand, and process optimisation. This means that there 

is high variability in battery manufacturing energy intensity. The impact of a given energy intensity on green-house gases (GHG) 

 

 
 

 

61    https://edition.cnn.com/2019/02/18/africa/zimbabwe-mine-disaster-intl/index.html 
62    https://www.lme.com/-/media/Files/New-initiatives/Responsible-Sourcing/ 
63 https://www.amnesty.org/en/documents/afr62/3183/2016/en/ 
64 https://www.imvoconvenanten.nl/metallurgisch?sc_lang=en 
65  A Vision for a Sustainable Battery Value Chain in 2030: Unlocking the Full Potential to Power Sustainable Development and Climate Change Mitigation: 

http://www3.wefo-         rum.org/docs/WEF_A_Vision_for_a_Sustainable_Battery_Value_Chain_in_2030_Report.pdf 
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emissions is also highly variable predicated upon the carbon intensity of the electricity mix employed to power the plant. 

Furthermore, the averages that have been reported for the industry are 328 kWh cumulative energy density and 110 kg CO2 

equivalent to produce 1 kWh of battery storage.66
 

 
In addition to optimising the manufacturing process, the overall eco-efficiency of battery manufacturing can be increased 

considerably by optimising the renewable content of the plantôs supply electricity mix. With an optimal electricity mix, GHG 

emissions as low as 39.5 kg CO2eq/kWh have been reported.67 Most importantly, the achievable eco-efficiency may be a vital 

factor in deciding the location of the battery manufacturing plant. Ideally, the plant should generate at least a substantial part of 

its renewable energy demand. 

 
The battery manufacturing process should aim to design both the cells and packs for product circularity to ultimately support 

transitions to circular economies. A circular economy is defined as a regenerative system in which resource input and waste, 

emission, and energy leakage are minimised. This is accomplished by slowing, closing, and narrowing material and energy 

loops.68 The processes of loop narrowing (increasing resource efficiency), slowing (extending product service life), and closing 

(closing the loop between post-use and production) is meant to optimise resource flows through closed-loop supply chains, as 

shown in Figure 11. 

 

 

Figure 11: Circular economy: The transition from the traditional linear flow to the longest closed-loop possible for a given product.69
 

 
In practice, the transitions in Figure 11 are achieved through product repair and maintenance, reuse and redistribution, 

refurbishment and remanufacturing, recycling, and cascading and repurposing.70 Most of these operations are already considered 

standard practice for the LIBs industry. Therefore, the African LIBs industry can leapfrog in circular product design and 

 

 

 
 

 
66  J.F. Peters, M. Baumann, B. Zimmermann, J. Braun, M. Weil, The environmental impact of Li -Ion batteries and the role of key parameters ï A review, Renewable and 

Sustaina- ble Energy Reviews 67 (2017) 491-506. 
67    https://www.iea.org/reports/global-energy-co2-status-report-2019/emissions. 
68  O. Velázquez-Martínez, J. Valio, A. Santasalo-Aarnio, M. Reuter, R. Serna-Guerrero, A Critical Review of Lithium-Ion Battery Recycling Processes from a Circular 

Economy Perspective, Batteries 5 (2019) 68: https://doi.org/10.3390/batteries5040068. 
69  I. Esparragoza, J. Mesa-Cogollo, A case study approach to introduce circular economy in sustainable design education, International Conference on Engineering and 

Product Design Education, September 2019, Department of Design, Manufacture Aad Engineering Management, University of Strathclyde, United Kingdom: DOI: 

10.35199/epde2019.3. 
70  X. Zeng, M. Li,  D. Abd ElHady, W. Alshitari, A.S. AlBogami, J. Lu, K. Amine, Commercialization of lithium battery technologies for electric vehicles: A Review, 

Advanced Energy Materials 9 (2019): https://doi.org/10.1002/aenm.201900161. 
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should strive for certification. Furthermore, while circularity indicators are still an active area of research,71 the certification 

scheme offered by the Cradle-to-Cradle Product Innovation Institute might currently be a viable pragmatic choice.72 Thus, a key 

aspect is that the whole LIBs industry needs to be viewed as an entire ecosystem producing economic, ecologic, and social 

value. This can be done so that the manufacturing sector cannot be optimised in isolation from both the upstream and 

downstream operations. 

5.4 Distribution,  Second Li fe, Recycling, and Disposal 

There is an ethical difficulty  that arises with the warranty for a product that undergoes refurbishing, repurposing, and second 

life. This is especially so for LIBs because of their complex safety issues. For instance, the questions for consideration include 

the one who must take responsibility if  a battery in a second life application explodes with damaging consequences. However, 

the answer depends on the business model adopted by the industry. The key lies in a clear framework that delineates legal 

responsibility among the various players of the value chain. 
 

What is most important is that LIBs must be safe at every stage of the value chain, optimise resource utilisation efficiency, 

minimise harm to the environment, and be transformative to the socio-economic fabric of Africa through empowering vulnerable 

groups. Furthermore, the various operations of the LIBs value chain must develop local infrastructure and talent and pay 

attention to vulnerable groups. The African LIBs industry must strive to deliver an economic level of electrification to the 

impoverished African communities. It must also be capable of supporting small-scale to medium-scale entrepreneurship. 

Finally, hope is not only for these communities to be electrically independent. However, it is for them to eventually become 

prosumers of the electricity industry and be able to earn revenue from their own power generation activities. 

5.5 Conclusion  

While developing NGBs, there is a need to develop a robust ESG paradigm that will  guide its impact across the continent. 

Successfully developing an ESG for the African continent will  greatly improve Africaôs LiBs industry for better 

sustainability and business ethics. Therefore, the LiBs industry is encouraged to aspire towards a vision of the highest 

ethical motivation. This means that the African continent can develop a business model embedded in stakeholder dialogue, 

participation, and collaborative heritage. Therefore, the African LIBs industry has a distinct prospect to catapult its ESG 

performance. This can be accomplished through appropriate design with respect to structural and policy frameworks from the 

outset. 

 
 
 

 

 
71  F. Saidani, F.X. Hutter, R-G. Scurtu, W. Braunwarth, J.N. Burghartz, Lithium-ion battery models: a comparative study and a model-based powerline communication, 

Advances in Radio Science 15 (2017) 83ï91: https://doi.org/10.5194/ars-15-83-2017. 
72  M. Chouchane, A. Rucci, T. Lombardo, A.C. Ngandjong, A.A. Franco, Lithium ion battery electrodes predicted from manufacturing simulations: Assessing the 

impact of the carbon-binder spatial location on the electrochemical performance, Journal of Power Sources 444 (2019) 227285: 

https://doi.org/10.1016/j.jpowsour.2019.227285. 
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6.1 The Strat egic Perspect ive 
 

There are two high-level expressions of the urgent aspiration for human development and sustainability that have a direct bearing 

on Africaôs strategy on next-generation battery technology. The first aspiration is the UNôs SDG 7 that defines three targets by 

2030. The first target is to ensure access to affordable, reliable, sustainable, and modern energy for all. The second target 

is to substantially increase the share of renewable energy in the global energy mix. The third target is to double the global rate 

of improvement in energy efficiency. Furthermore, the second aspiration is the AUôs Agenda 2063 with specific reference to 

five goals. Goal 1 offers Africans a high standard of living, quality of life, and well-being for all. The second goal is ensuring 

well- educated citizens and skills revolution underpinned by science, technology, and innovation. The third goal is offering 

Africans to have healthy and well-nourished citizens. The fourth goal talks to transformed African economies and job creation. 

The seventh goal is that Africa must be environmentally sustainable and have climate-resilient economies. Although the 

specific targets are different, there is a congruency between SDG 7 and the selected goals of Agenda 2063. Since SDG 7 has a 

closer timeframe, it offers a more meaningful reference for assessing progress towards achieving these aspirations. 
 

A recent review of SDG 7, according to the Policy Briefs in Support of the First SDG 7 Review at the UN High-Level 

Political Forum (2018), concluded that while North Africa is on track to achieve universal electrification by 2030, the sub- 

Saharan African region will  fall short.73 In particular, the report stated that by 2030, there will  be 590 million people with no 

access to electricity and 900 million with no access to clean cooking in sub-Saharan Africa. However, this is somewhat 

surprising considering the concerted international response to SDG 7 with over 60 foreign initiatives being launched to support 

electrification in Africa.74 However, examining the biggest of these initiatives, Power Africa,75 a US Government-led initiative, 

gives at least some clues for this lack of success. The programmeôs target of increasing installed generation capacity by 30 GW 

by 2030 does not consider plant retirements. During the retirement time, the power generation falls far short of the generation 

requirements to electrify the 650 million of unelectrified people. Additionally, the programmeôs accounting of electrification 

rates includes mere access to an electric lantern which, in fact, is not even tier 1-level electrification. Overall, the absence of an 

overarching continental strategy is one of the main obstacles to electrification.76
 

 

These failures demand a return to the fundamentals to examine the nature of the problem methodically and rigorously. This 

includes investigating why Africa remains unelectrified and analysing the underlying causes of such anomalies. Unless these 

causes are explicitly identified and addressed head-on, any efforts towards electrification of Africa will  continue to fall short. 

While there is a general acknowledgement that the problem is complex and multifaceted, it also remains apparent that the LiBs 

for NGB technology solutions are not affordable. However, Africa must answer the question that, why are these solutions not 

affordable to Africans when the continent is endowed with the minerals suitable for such technologies. To answer this gap, the 

two reasons to explain this phenomenon are intertwined. For instance, the first technology problem is that Africa does not have 

 

 
 

 

73 https://www.un.org/development/desa/en/news/sustainable/new-publication-calls-for-urgent-action-on-energy-to-achieve-global-goals.html 
74     http://bruegel.org/2017/09/the-role-of-international-institutions-in-fostering-sub-saharan-africas-electrification/ 
75  https://www.usaid.gov/powerafrica 
76     http://bruegel.org/2017/09/the-role-of-international-institutions-in-fostering-sub-saharan-africas-electrification/ 
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control of the price point. This is because Africa does not own these technologies at this point. Secondly, the technologies 

can be over-engineered or under-engineered for Africaôs requirements. However, either way, they become too costly for 

Africans and unsustainable. Furthermore, the other challenge is poverty. It has been reported that 437 million people in sub- 

Saharan Africa  live in extreme poverty, characterised by living by less than US$1.90/day. In addition, it has been projected that 

9 in 10 people will  live in extreme poverty in sub-Saharan Africa by 2030.77 Therefore, Africa needs to strategically think about 

equitable and deep wealth creation in Africa, as opposed to cosmetic wealth only. 

 
Currently, there is a global revolution underway in electrochemical energy storage to support energy transitions towards circular 

economies and zero-emission societies. The global energy storage market is projected to grow 13-fold to 158 GWh by 2024.78 

At the centre of this revolution are rechargeable batteries (and supercapacitors to a more limited extent), in particular, lithium- 

ion technology. Notably, this revolution has a direct bearing on the aspirations summarised above because of the prospect of 

reconfiguring the economics of electrification through increased use of renewable energy sources (primarily wind and solar) 

both in national grids and mini-grids (including stand-alone facilities), and the latter for off-grid communities. This revolution 

needs to be strategically harnessed to deliver on the energy storage and electrification aspirations for Africa. Yet a serious 

technological problem is already apparent in this revolution; the battery technology is currently directed by the technical 

requirements for electromobility. While there is some overlap, these requirements still differ in some important respects from 

those for large-  scale off-grid electrification of Africa. Therefore, this is a significant strategic issue that Africa needs to come 

to grips with. Its importance has recently been highlighted by the World Bank Group. 
 

It has been acknowledged by experts that increased utilisation of wind and solar power with robust storage can help decarbonise 

power systems, expand energy access, improve grid reliability, and increase energy system resilience. However, it has been 

further reported that the requirements of developing countriesô grids are not yet fully  considered in the current energy storage 

market. This is despite that these African countries may have the largest potential for battery deployment. Currently, the 

battery market is driven by the electric vehicle industry. Most mainstream  technologies  cannot  provide  long-duration 

storage or withstand harsh climatic conditions, and low operation as well as maintenance capacity.79 In particular, the 

performance of most lithium- ion battery technologies degrades rapidly at temperatures above 25°C and this necessitates for 

robust cooling mechanisms suitable for hot climates. To address this technological challenge, the World Bank Group is 

responding through the Energy Storage Partnership Program (ESP) initiative. This is a US$1B initiative that is meant to stimulate 

and support battery storage solutions that meet the technical requirements for large-scale energy storage. Thus, African 

governments must be able to device more methods through which they can be able to address this technological problem since 

it threatens the prospect of large-scale electrification of Africa through a robust energy revolution. 
 

In this report, some steps are outlined that may be used by African countries to address the electrification problem of 

Africa. This can be coupled with strategies of deep wealth creation and technology mastery. It is being proposed that an 

immediate industrialisation programme that directly harnesses the current energy storage revolution should be put in place. This 

programme can be implemented in a five-year timeframe. Notably, this strategy entails adopting current state-of-the-art lithium- 

ion battery technologies for local manufacturing capitalising on Africaôs key competitive advantage, which is the battery 

minerals. Because of the nature of the technology, this programme is optimal for the emerging electric vehicle market. But it 

will  also support off-grid electrification in the meantime. The immediate industrialisation is underpinned by a broad research, 

development, and innovation programme that aims to establish a full  lithium-ion battery value chain in Africa and eventually 

steer battery technology towards the long-term goal of bespoke solutions most suited to Africaôs electrification. The main 

research priorities are defined for the first 10 years. Furthermore, comprehensive, coherent, and responsive policies for wealth 

creation and technology mastery are a critical ingredient of the entire programme. These are discussed in detail in the next 

chapter. The impetus for this programme is the realisation that the electrification problem in fact presents an unprecedented 

technological opportunity for Africa. 

 
 

 

77       https://blogs.worldbank.org/opendata/number-extremely-poor-people-continues-rise-sub-saharan-africa 
78      https://renewablesnow.com/news/global-energy-storage-market-to-hit-158-gwh-in-2024-650563/ 
79 http://www.worldbank.org/en/news/press-release/2019/05/28/new-international-partnership-established-to-increase-the-use-of-energy-storage-in-developing-countries 
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To understand this opportunity, there is a need to look at the lithium-ion battery value chain continent-wide as it stands today. 

Figure 12 is a simple schematic showing significant gaps, represented by the red colour, in the value chain. Notably, the only 

part that Africa controls is the mining and initial processing. Demonstrably, this is only a tiny fraction of the total value of the 

LiBs value chain. Furthermore, there is also some existing distribution infrastructure for handling the imported product. 

However, this too falls short of what is required to support the energy storage revolution. The question that African governments 

must answer is who controls and benefits from the red segments in Figure 12. Addressing this question will  provide technical 

strategies and frameworks through which African governments will  be able to formulate policies that will  provide opportunities 

for the African people. While recycling and disposal are largely still under development, with only about 9% of the lithium-ion 

battery being recycled, the most lucrative part of the value chain in Figure 12 (highlighted in oval) is owned and controlled 

outside Africa. 

Incredibly, the battery market is currently dominated by three Asian players that include Japan (Panasonic), South Korea 

(Samsung SDI, LG Chem, SKI), and China (BYD, CATL). Collectively, they are estimated to control about 80% of the battery 

storage market. There are currently significant activities in Europe and North America to build gigafactories for battery 

manufacturing. Notably, governments around the world are taking swift and decisive steps to stimulate and support domestic 

battery manufacturing capacity. The greatest question that needs immediate answers is that what are African governments, 

researchers, and innovators doing about these loopholes so to increase their share in the battery energy storage market. 

 

 
 

Figure 12: Simplified schematic of the lithium-ion battery technology value chain. Green boxes are sectors of the value chain where 

substantial infrastructure already exists while none exists for the red boxes. The yellow oval highlights sectors that need to be created 

for the immediate industrialisation component of our proposed programme. Manufacturing includes battery-management-system and 

packs technology. 

 
The gaps in Figure 12 clearly demonstrate that Africa subsidises high standards of living for other nations through the double 

whammy. Firstly, this is facilitated by giving away Africaôs minerals only to create a few jobs for Africans. The benefiting 

countries can further industrialise their own nations at the expense of the African people and wealth. Subsequently, the minimal 

income that Africa gains from selling minerals to these countries is used to buy back her own minerals in product-form at 

exorbitant prices. Unfortunately, this discrepancy clearly results in the net transfer of wealth creation opportunities from Africa 

to other nations. Notably, Africa cannot prosper while it continues to haemorrhage wealth to the rest of the world with no clear 

strategic roadmap towards reducing this anomaly and eventually stopping it. In general, nations that have managed to pull 

themselves out of poverty in a sustainable way have done so through mastering at least some area of modern technology. Thus, 

Africa desperately needs to master at least one area or some areas of speciality of modern technology. The question is: where is 

the biggest opportunity for such an ambitious endeavour in 21st century Africa? 
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The panel is arguing that as a continent, Africa has formidable competitive advantages in lithium-ion battery technology. 

Endowed with all the key minerals required in lithium-ion battery manufacturing, Africa can and should establish a full  and 

viable lithium- ion value chain. This will  result in a shorter and substantially more lucrative value chain with numerous 

fundamental benefits to the African economies. Table 3 showed the levels of production and reserves of óThe Big Fiveô battery 

minerals for NMC chemistry, as well as the LCO, LMO and NCA. 

 
Table 3:  The óBig Fiveô lithium-ion battery minerals: African production (2018) and known reserves. Data for nickel is for 

2017. For each mineral, data is given only for the top-ranked producer or holder of the largest known reserves. 

 

Minerals Production 

(Metric 

Known Reserves 

(Metric Tonnes) 

Country 

(Production, Reserves) 

World Ranking 

(Production, Reserves) 

Lithiuma 1,600 70,000 Zimbabwe, *  
 

5, * 
 

Cobaltb 

 

90,000 

 

3,400,000 
 

 

Democratic Republic of Congo 

 

1, 1 

Manganeseb 5,300,000 200,000,000 South Africa 
 

1, 1 

Nickelc 48,000 3,700,000 South Africa 
 

11, 6 

Graphitea 9,000 17,000,000 Madagascar, Tanzania, 

Mozambique 

 

9, 4 

 
aStatista: https://www.statista.com/. *Quantifying lithium deposits is difficult  because it occurs in both rock ores and brines, that 

latter is difficult  to quantify. bInvesting News: https://investingnews.com/. cWorld Mining Data: https://www.world-mining-data 

 
The next tier of minerals for lithium-ion batteries includes aluminium and copper. These are primarily employed as current 

collectors for the cathode and anode, respectively. Incredibly, there is a large supply of these minerals in Africa. For example, 

there are 45 million metric tonnes of bauxite produced in Guinea80 and 755,000 metric tonnes of copper in Zambia in 2017.81 

Even when LFP chemistry is considered, Africa still boasts an abundant resource in the two key additional minerals, iron and 

phosphate. For example, South Africa produces 80 million metric tonnes of iron ore, making it the 7th largest producer in the 

world.82 On the other hand, Morocco and Western Sahara are ranked 3rd in the world at 33 million metric tonnes of phosphate 

production and holding 70% of the worldôs reserves.83
 

 
To capitalise on this mineral resource base, a key strategic imperative for success is establishing the entire value chain for battery 

technology underpinned by the giga-scale model of production. Although we cannot ascertain the data for Africa, the Australian 

case is as illuminating as it is compelling. For example, Figure 13 exhibited the stunning reality that by only focusing on mining 

and processing lithium ore into concentrate, only a minuscule 0.53% of the value chain was accrued to Australia in 2017. 

However, Figure 13 also revealed that the real value comes from electrochemical production, battery cell production, and battery 

pack/ systems assembly. This clearly demonstrates that a similar could be observed in the case of Africa and African countries 

missing on such wealth creation opportunities within the value chain. 

 

 

 

 

 

 

 

 
 

 

80 https://en.wikipedia.org/wiki/List_of_countries_by_bauxite_production 
81  https://investingnews.com/ 
82  https://www.worldatlas.com 
83  https://investingnews.com 

 

33  

http://www.statista.com/
http://www.worldatlas.com/
http://www.worldatlas.com/


AUDA -NEPAD  APET  TECHNOLOGY  REPORT  Å LET THERE BE LIGHT: HARNESSING  NEXT -GENERATION  BATTERIES  FOR  AFRICAõS ENERGY  NEEDS  

 

 

34  

 
 

 
 

Figure 13: Lithium value chain in lithium-ion battery technology [Source: Future Smart Strategies, 2018].84
 

 
In response to this realisation, Australia is moving swiftly towards establishing a full  lithium-ion battery value chain by building 

manufacturing plants under licensed technologies. For example, the Townsville Gigafactory (15 GWh) Project and Renaissance 

One in Darwin have been established by Australia. Furthermore, there are efforts in enhancing the corresponding research base. 

For example, the Lithium Australia, and the Future Battery Industries Cooperative Research Centre are focusing on such efforts. 

Furthermore, this is closely complemented with a ñLithium Valleyò strategy in Western Australia that includes the planned Kemerton 

Lithium Hydroxide Plant. Notably, Australia is a resource-rich continent as is Africa. Therefore, it offers realistic and instructive 

insights on the trajectory Africa might follow. Hence, Africa needs to declare lithium-ion battery manufacturing a strategic 

industry and adopt a radical agenda of industrialisation, research, development, and innovation coupled with a strong enabling 

policy framework. In the remainder of this chapter, the proposed bold strategy for industrialisation, research, development, and 

innovation is discussed. The policy framework is the subject of the next chapter. 

 
6.2 Immediate  Indust r ialisat ion  

 

In developing the strategy for immediate industrialisation, it seems most logical to first target the high-value segments of the 

value chain. Indeed, this is the approach widely adopted in recent projects around the world. As shown in Figure 13, the most 

value is in the battery packing and systems assembly link of the value chain, followed by battery cell production. Thus, APET 

suggests an initial manufacturing programme that includes cell production and packing/systems assembly. In this regard, the 

trajectory that seems to have worked elsewhere is: 

Å Build and operate a pilot plant: Typically, a few can be created with a capacity of 100 MWh/year in size. This usually 

requires choosing a chemistry and then manufacturing under license with a technology partner. The cost of such a plant 

can be up to US$200 million. The timeline from feasibility study to plant commissioning is about 18 months. Notably, the 

purpose of the pilot plant is to develop local skills and build the associated industrial ecosystem and infrastructure. 

Typically, the plant is operated for at least a year. Overall, the pilot plant is a critical stage of technology demonstration 

and the firming up of the business case for large-scale commercial manufacturing. 

 
Å Full-scale plant: To benefit from economies of scale, a capacity of 10 GWh/year is recommended. While it is difficult  to 

get accurate numbers for the capital budgets for battery manufacturing plants, it is estimated the cost about US$2B with a 

timeline of approximately three years from feasibility study to plant commissioning. The cost estimate is based on 

US$200M/ GWh85  according to data from the Joint Research Centre Science for Policy Report (2017).86
 

 

 
 

84  The Lithium-Ion Battery Value Chain, New Economy Opportunities for Australia, Commonwealth of Australia 2018 
85     McKinsey Report: https://www.mckinsey.com/industries/oil-and-gas/our-insights/recharging-economies-the-ev-battery-manufacturing-outlook-for-europe. 
86  EU Competitiveness in Advanced Li -ion Batteries for E-Mobility  and Stationary Storage Applications ï Opportunities and Actions (2017). 
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Å In tandem with the two preceding steps, the groundwork for the associated industrial ecosystem and infrastructure is laid 

out. The ecosystem includes elements of both backward and forward integration to fully  close the gaps identified in Figure 

13. Salient among these are lithium refineries, electrolyte and separator manufacturing plants, and other battery-grade 

inputs for backward integration. In addition, the distribution facilities, recycling/repurposing, and disposal plants support 

the forward integration. Notably, significant support infrastructure may be required and any critical infrastructure such as 

power, road, rail, port, and airport facilities should be provided by the governments. 

 
The implementation of the immediate industrialisation programme involves governments, established companies, and start-ups 

ecosystems. Typically, ambitious start-ups build consortia with established companies that have expertise in various aspects of 

the value chain. This should be supported by governments through support infrastructure, grants, and other policy frameworks 

as discussed in Chapter 7. Examples by which this model is being implemented  include  Northvolt  of  Sweden,  the 

Imperium (iM3) consortium for the Townsville Gigafactory Project, and Saft in France. In the case of Saft, the programme is 

implemented through a consortium with Solvay (from Belgium with expertise in polymer and electrolyte solutions), Manz (from 

Germany, with an expertise in cell and module assembly equipment), and Siemens (from Germany, with expertise in 

manufacturing automation solutions). Saft is set to launch the mass production of 3rd generation liquid electrolyte lithium-ion 

batteries in 2020, followed by Generation 3B in 2022, and then 4th generation (solid-state) batteries in 2024.87 Finally, assuming 

a 2020 start of this programme in Africa, the immediate industrialisation programme could be complete by 2025. 

 
6.3 Research, Innovation,  and Development  (RI&D)  

 

The scope of the proposed research programme spans the entire battery technology value chain from the atomistic modelling of 

materials to the recycling and disposal of batteries. Consequently, multi-sector collaborations are necessary to support the full  

research programme. This demands a tightly woven network of co-creating actors capable of delivering a compact and strategic 

research and development agenda. Through this agenda, basic and applied research can be intimately integrated together for 

seamless translation into innovative products. As discussed in Chapter 10, a pragmatic paradigm for the best use of the collective 

resources in this scenario appears to be the Triple Helix institutional form. This organisational form has demonstrated its capacity 

to accelerate the development of economically viable innovations through the efficient flow of knowledge and action within the 

innovation ecosystem. However, because of the great diversity of actors coming together for this continental project, it is critical 

to appropriately calibrate the institutional form to the different circumstances of the actors as organisational and governance 

structures will  vary in each situation. 
 

Precise funding requirements for the RI&D program cannot be readily estimated without detailed knowledge of its components. 

Data from other countries and regions can only be indicative as circumstances can vary widely from one place to another. For 

instance, the European Union through the European Battery Association is set to directly invest ú200 million in battery research 

and innovation. On the hand, the British Government through the ISCF Faraday Battery Challenge invested £246 million for 

their RI&D programme. 

 
6.3.1 Research Priorities 

 

The research priorities are determined by the demands of establishing a viable full  value chain for next-generation batteries. 

Thus, the components of the research strategy inherently span the entire value chain, as shown in Figures 12 and 13. However, 

since the closing of the gaps in the value chain is a phased programme, the research priorities need to be developed in tandem 

and closely coordinated with the industrialisation programme. Furthermore, in identifying and implementing the priorities, deep 

collaboration among the three main actors known as governments, industry, and research institutions, is required. This can be 

carried most particularly by establishing suitable consortia between industry and research institutions. This process can be  

 
 

 

87  Reuters Business News, September 12, 2018: https://www.reuters.com/article/uk-autos-batteries-saft- 
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substantially facilitated by African governments. Ideally, the industry should lead the identification of research priorities as this 

enhances the opportunities for commercial use of the research programme. Since both the industrialisation and research 

programmes entail cross-sectoral and multidisciplinary components, a successful implementation calls for a coherent overall 

strategy under a new and strong institutional framework as will  be discussed in chapter 10. 

 
As a flexible guide, APET suggests the following criteria for determining the research priorities: 

Å Maximal support for the immediate industrialisation programme: The phasing must be appropriately synchronised 

with the timeline of the industrialisation programme. This can also facilitate the training of the next-generation engineers 

and scientists for the nascent industry; 

Å Energy storage focused: As there is no battery technology that can satisfy all the requirements of all the different applications, 
it is expected that in future, there will  be technology differentiation with distinct specialisations for particular applications. 
Therefore, the long-term strategy is to develop a bespoke plug and forget mini/micro-grid and stand-alone energy storage 
solutions optimised for the African context. Thus, Africa can exclude any significant expenditure in specialised 
technologies for other application spaces such as electric vehicles; 

Å Effective low-cost solutions: Affordability of the final product is a key success factor for the electrification of Africa, and 
this should be prioritised; 

Å Maximise Africaôs strategic advantages in this industry; and 
Å Cost-efficiency: Some programmes require minimal upgrades to existing infrastructure (see Chapter 10) and therefore 

present low-hanging fruit that should be targeted. 

 

In what follows, this report will  only give preliminary examples of aspects that may be considered for the research, development, 

and innovation programmes. Notably, the panel is deliberately refraining from prescribing any specific research areas as more 

detailed research and evidence as well as deep collaboration among all the main actors are required first, all of which are beyond 

the scope of this report. 

 
6.3.1.1 Mining and Processing 

 
Mining and some processing are already taking place across Africa. The research could be directed towards the overall 

efficiency of resource extraction, recovery, and disposal. However, heavy investment in this area does not seem imperative. 

 
6.3.1.2 Refining and Processing of Battery-grade Materials 

 
The extreme purity of more than 99.8% is demanded in materials for battery applications. Consequently, advanced processing 

technologies are required to meet stringent requirements. Based on research by the panel and experts, none of the main battery 

minerals is currently being processed to battery-grade quality in Africa. This is a key research area that needs an adequate priority 

to build manufacturing capacity in this segment of the value chain. 

 
6.3.1.3 Manufacturing of Materials, Battery Cells and Modules 

 
To unlock the full  potential of the industry, this part of the value chain must be given the highest priority. Currently, this is the 

most intellectual property heavy part of the industry, and therefore a technology partner is mandatory for initial entry. 

Unsurprisingly, it is also the most lucrative segment of the value chain and our proposed entry point for the immediate 

industrialisation programme. Thus, the foundation for the eventual success of the entire programme must be laid here. Therefore, 

the main research priorities fall into two broad categories: 

Å Advanced battery materials research: This is a full -strength programme spanning from materials discovery, synthesis, 

characterisation, and fabrication. Ideally, only one or two chemical compositions for battery materials would be selected to 

focus limited resources on a manageable scale; and 
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Å Advanced battery cell research: This covers cell manufacturing, module, and pack assembly together with the battery 

management systems and other controls. The state-of-the-art cell manufacturing is a painstakingly delicate engineering 

operation characterised by very slow learning rates. Significant cost reductions can be realised by better manufacturing 

technologies. Africa could even leapfrog to factory-of-the-future technologies since it does not yet have any technology 

lock- in barriers to overcome. The proposed pilot plant could be used as a testbed for some of those technologies. 

 
The entire programme needs to be supported by multi-scale modelling from an atomic scale to the module level. This research 

programme together with the immediate industrialisation programme constitutes most of the high-value jobs in this industry. 

 

6.3.1.4 Product Distribution 
 

Mapping out existing distribution channels and performing projections of future requirements is necessary.   

Furthermore, developing rigorous models for efficient product distribution and waste collection systems for the entire industry 

is also vital. 

 

6.3.1.5 Second Life, Recycling, and Disposal 
 

It is essential to develop solutions with a recyclability and sustainability profile to promote eventual transitions to circular economies. 

This may be carried out with an emphasis on an adapted form of the 3R strategy consisting of ñreuseò, ñremanufacturingò, and 

ñrecycleò.88 In this case, research is required to establish appropriate recycling and disposal technologies essential for used LIBs. 

Furthermore, the recycle and disposal stream will  include batteries that are not manufactured in Africa meant for electric vehicles 

and other applications. Thus, extending the service life of a battery significantly enhances its sustainability profile. After the 

normal use of about 10 years, an EV battery retains about 80% of the nominal capacity. Therefore, it can be viable for less 

energy- demanding applications such as residential buildings.89 Additionally, to be fit  for this secondary application, the battery 

pack has to be tested, refurbished, and repurposed. It is known that the use of a retired EV battery in a different application is 

called its second life and may extend its overall service life quite considerably, as shown in Figure 13. For example, with an 18- 

year total battery life, the second-life use may be up to 8 years. Thus, this clearly reduces the overall raw materials intensity of 

the industry.90
 

 

 

Figure 14: Extending battery life through second-life applications before recycling; thus, creating a circular economy for battery technology.91
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