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About the African Natural 
Resources Centre

The African Natural Resources Centre (ANRC) of the African Development 
Bank interrogates natural resources management in Africa. The mandate of 
the ANRC is to boost the potential for African governments to maximize 
development outcomes derived from Africa’s natural resources and thus 
achieve inclusive and sustained growth. ANRC delivers its mandate through 
cutting edge knowledge, conducting high-impact policy analysis, dialogue 
and providing technical assistance to help support African countries in 
natural resources planning, policy making, investment and governance. The 
work covers both renewable (water, forestry, land, and fisheries) and non-
renewable (oil, gas, and minerals) resources. 

Currently, the ANRC is running a local content and value addition 
flagship which seeks to support the Bank’s regional member countries 
in developing policies, investment plans, governance frameworks and 
effective implementation strategies for local content and value addition in 
the extractive sector. In a bid to industrialize Africa, which is one of the 
Bank’s ‘high five’ priorities, the ANRC is conducting value chain studies 
on selected minerals. Lithium and cobalt were chosen because they are 
critical raw materials for the manufacture of rechargeable batteries, which 
are termed as Lithium Ion Batteries (LIB). Most countries in Central and 
Southern Africa have significant lithium resources. However, Zimbabwe is 
exploiting the largest known lithium reserves in Africa from its Bikita mine, 
currently at 10.8 million tonnes, with a lithium content of 1.4%. There are 
also significant lithium projects in West Africa. On the cobalt front, the 
Democratic Republic of Congo (DRC), has the largest mineral reserve of 
3.6 million tonnes, equivalent to 51% of the global cobalt reserve. Countries 
producing cobalt in Africa include DRC, Madagascar, South Africa and 
Morocco, with DRC alone producing 100,000t in 2019, equivalent to 70% 
of global production. 

The study on the Lithium-Cobalt (Li-Co) value chain is intended to identify 
opportunities and challenges for value addition to the Li-Co resources in 
Africa. The study will also explore policy options for establishing end-to-
end industries in Africa which could produce finished products such as 
Electric Vehicle batteries, among others potential outputs. 
The ANRC’s local content and value addition flagship is therefore designed 
to address the challenges that hinder value addition and deepen the 
domestic linkages in the economies of African countries. This aligns with 
the Bank’s industrialization strategy, which aims to support the natural 
resources sector to contribute strongly to the industrialization of Africa. 
Industrialization is important as an engine for economic growth, leading to 
technological innovation, job creation, trade and laying the foundation for 
the services sector. The availability of diverse mineral wealth in Africa is one 
of the region’s strongest advantages and a significant lever to industrialize 
Africa. 

Among other knowledge products in the local content and value addition 
flagship in Africa’s extractive sectors that the ANRC is undertaking include:

i.  Rare earth elements value chain analysis for mineral-based industrialization 
in Africa

ii.  Towards a framework for local content policy development in the mining 
sector in Ethiopia

iii.  Towards a framework for local content policy development in the petroleum 
sector in Ethiopia

iv.  Value chain analysis for the oil sector - potential contributions to African 
economies

v. Enhancing the performance of African national Oil companies
vi. Assessment of supplier development programmes (SDPs) in the extractive 

sector in Africa: strengths, weaknesses, opportunities and critical success 
factors.

Dr. Emmanuel Pinto Moreira
OIC Director, African Natural Resources Centre
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The study is part of a series of mineral value chain studies 
being undertaken by the African Natural Resources Centre 
(the Centre) of the African Development Bank to contribute 
towards optimizing benefits from Africa’s enormous mineral 
resources as well as providing policy recommendations for 
Africa’s low carbon future. The study follows that on gold, 
diamond, iron ore and rare earth elements which are being 
completed. This study resulted from an evaluation of the need 
to industrialize Africa using its natural resources, seizing the 
advantage of the low carbon energy transition which uses 
energy minerals for renewable energy needs.
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Natural Resources Centre of the African Development 
Bank. Direct supervision came from Fred Kabanda, Manager, 
Extractives Division, African Natural Resources Centre. The 
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report was led by Jerry Ahadjie, Chief Minerals Officer, African 
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Executive Summary

THE world is about to witness a revolution in the transport system 
as countries and developmental organizations, at global and regional 
levels, ratify a raft of new laws and guidance on the adoption of 
the Electric Vehicle (EV).  Electrical vehicles offer an alternative 
to the internal combustion engine (ICE) in a bid to reduce the use 
of fossil fuel. The solution to reducing fossil fuel emissions lies in 
the production of Lithium ion batteries (LIB), which use several 
mineral, among them lithium and cobalt (Li-Co), manganese, nickel, 
aluminium, graphite, rare earth elements (REE), iron, copper, as 
well as phosphate. Though Li-Co metals and REE are relatively 
scarce, they are the core enablers of this transport revolution. 

The growing demand for electricity storage 
facilities for vehicles is driving the demand for 
Li-Co minerals and pushing their processed 
product prices to astronomical levels, and 
this can be a game changer in the economic 
development of countries endowed with 
deposits of these minerals. In Africa, many 
countries are endowed with these minerals, 
which allows them to benefit from this 
opportunity. In addition to export earnings, 
African countries aspire to derive greater 

economic value from their mineral resources and one of the assured 
ways is through linkage development (backward, forward and 
side-stream). Besides the resource deposits, other critical factors 
include the international trade environment and its impact on a 
country’s ability to successfully leverage its competitive advantage. 
In view of this, a value chain analysis is a useful tool to define 
options and assess policy trade-offs. It is within this context that 
the African Natural Resources Centre of the African Development 
Bank initiated studies on the Li-Co minerals, which are critical to 

the transport system transformation with immense significance for 
the future. This study assesses the opportunities and challenges of 
harnessing the lithium and cobalt value chains to contribute to the 
global low carbon future and economic development in Africa. 

Lithium and cobalt are critical raw materials for the manufacture 
of rechargeable batteries, or Lithium Ion Batteries (LIB) due to the 
presence of lithium. Global production of lithium (Li) and cobalt (Co) 
were 78,000t and 143,000t against an estimated reserve base of 17 
million tonnes and 7 million tonnes respectively in 2019. Significant 
lithium resources are known to exist in many African countries, with 
central-Southern Africa, and the Democratic Republic of Congo 
(DRC) having significant resources. Zimbabwe is exploiting the largest 
known lithium reserves in Africa, from its Bikita mine, currently at 
10.8 million tonnes with a lithium content of 1.4% or 150,000 tonnes, 
but exploration activities are also taking place in several regions in 
sub-Saharan Africa, particularly in West Africa. On the cobalt front, 
the DRC has the largest mineral reserve of 3.6 million tonnes, 
equivalent to 51% of the global cobalt reserve. Countries producing 
cobalt in Africa include the DRC, Madagascar, South Africa, and 
Morocco, with the DRC producing 100,000t in 2019, equivalent to 
70% of global production. It is also noteworthy that 15% of the DRC’s 
annual production comes from local artisanal and small-scale miners. 
All countries produce cobalt as a by-product, except Morocco, the 
only country with a mine producing cobalt as its primary commodity. 

Whilst Africa has rich Li-Co resources, little to no value addition 
takes place. Zimbabwe only mines and exports raw lithium ore 
from its Bikita mine and the DRC extracts and exports raw ore or 
concentrate of cobalt, although there is some value addition in several 
operations on the upstream side of the supply chain. This means 

The research took 
into consideration 
the fact that all the 
companies investing 
in Africa are foreign, 
listed on major stock 
markets
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Africa’s benefit from its mineral resource is within 10 and 15% of the 
full value generated from developing end-to-end commodity supply 
chain.  This may present an opportunity.

The key objectives of the study were: 

In line with the objectives, the study examined market evolution 
and the drivers supporting the establishment of the value chain in 
Africa. Of particular interest is the possibility that African states 
or regional development groupings could explore options to 
promote the development of the whole value chain; from mining 
to processing into components to the final battery production. 
One South African company, the Megamillion Energy Company, has 
taken the initiative to develop a 32kwh LIB factory in the Cape from 
locally supplied (sub-Saharan) raw material for local consumption. 
It is not known how the company plans to develop synergies with 
raw material suppliers, as they have not developed the capacity to 
process their ores into products suitable for LIB manufacture, but 
it is a bold move requiring support from the SADC region because 
the supply chain will likely create an economic chain reaction in the 
regional member states. The fact that other countries like Chile 
and Australia are developing strategies aimed at establishing value 
addition phases to their commodity supply chains, with support 
from their governments, is a sign of the competitive landscape. This 
is the time to act, and the continent should seize the opportunity to 
create a competitive edge and realise the true value from its mineral 
endowment. 

Methodology

The methodology adopted for the research was a desk-based approach and 
company consultations through online interviews. The research particularly 
focussed on supply and demand dynamics to determine where value can 
be harnessed for the benefit of the African states.

Li-Co Supply Analysis

Africa’s Li-Co ore deposits are mostly located in and around the 
five geological cratons of Africa. Most of the deposits are hard rock 
mineral deposits for both lithium and cobalt. Lithium brines are 
known to exist in the Kalahari and Namib desert regions but little 
exploration activity has taken place to determine their potential 
for economic exploitation. The Southern African Development 
Community (SADC) and the East African Community generated 
much of the interest for this research as both the lithium and cobalt 
mineral resources are in their areas, as well as the other metals used 
in LIB manufacturing. 

The DRC is a key player in the value chain in terms of supply as it 
contains the largest mineral resource for both lithium and cobalt. 

To assess the 
current and future 
status of Li-Co 
reserves and value 
chains in Africa;

To identify 
opportunities and 
challenges for value 
addition in Li-Co 
value chains in 
Africa; and 

To propose options 
or policy incentives 
for promoting value 
addition, efficiency, and 
equity of Li-Co value 
chains in Africa. 
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However, challenges with the informal artisanal and small-scale 
mining (ASM) sector has been a source of worry. Whilst ASM 
actors are normally welcomed and should be properly developed to 
operate sustainably, ASM operations in the DRC are a serious risk 
due to concerns about the use of child labor in the extraction of the 
cobalt ore. Several countries in the Western world are so concerned 
that they are considering excluding the DRC from the global supply 
chain by boycotting its cobalt or by developing technologies that use 
alternatives to cobalt, thereby excluding the DRC. For this reason, 
only China currently buys cobalt from the ASMs. Minerals, when 
properly exploited, should benefit countries but the situation in the 
DRC needs to be urgently addressed. Zimbabwe could also be a 
key player in the supply chain with a significant lithium reserve, the 
largest of its kind in Africa, while West Africa is the region to watch 
as a new frontier in the supply of lithium ore.

 The need to develop the value chain beyond selling raw ore means 
mechanisms must be put in place to guide further development of 
mineral value chains, to ensure African countries avoid exporting 
their valuable mineral worth to developed countries, when the 
needs of the continent are so great.

Africa has significant potential in mineral resources to compete on 
a global scale. However, developing the mineral resources must be 
based on business models that provide maximum benefit to the 
country or region. For example, smaller deposits can be exploited 

to mineral concentrate as a business model before selling for further 
processing - with the concentrate as the commercial product; and 
large deposits can be mined and processed ready for use in LIB 
commercial production. 

Business models should be offered support at country, regional 
and continental levels. Regional communities can pool resources to 
develop regional processing plants using concentrate material sourced 
from smaller miners, like local SMEs, to produce the final product. 
Large scale operations run by corporations should be supported to 
develop integrated plants, from mining through processing to the 
final commodity.

The dimensions of capacity were examined and, with the exception of 
South Africa, all other potentially endowed nations have exceptionally 
low capacity along the value chain. Identifying skilled centres of 
excellence within the producing Regional Member Countries (RMC) 
and activating regional strategy in the regional economic communities 
of the Southern African Development Community (SADC) and 
East African Community (EAC) are important developments in the 
promotion of the Li-Co value chain development.

Demand Analysis

China is the largest consumer of Li-Co minerals, accounting for more 
than 50% of the market share. The remainder is shared between other 
developed nations.  Africa relies on imports from manufacturers of Li-
Co consumer products in other continents and if that is to continue 
into the EV era, Africa will not only continue to import the vehicles 
themselves, but also the components to fuel EV, like the LIB.

The high-tech industry will market technologies linked to the 
manufacture of products used in green energy production and storage 
in particular. The main technology required is providing batteries for 
electric energy storage in electric vehicles (EV) and solar energy 
storage facilities. The electric vehicle revolution becomes critical in 
the demand analysis for the Li-Co minerals.
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Due to the requirement to reduce greenhouse gases (GHG) in 
the environment, fossil fuels are gradually being exited and green 
energy substitutes, partly driven by the availability of LIB, are being 
developed as alternatives for the future.

Study Findings

Li-Co metals have strong physical and chemical properties which make 
them indispensable for manufacturing  high-technology products, 
characteristics which have made them critical metals. To date, there are 
no known fossil fuel substitutes that are relatively green and yet enhance 
operational efficiency. The following are the key study findings:

i. Africa’s Li-Co resource and reserve potential: From a 
regional geological perspective, the current confirmed Li-Co 
resources in Africa could be the tip of the iceberg. This is because 
similar geological formations on the continent which have the 
potential for further discoveries, are yet to be explored, and 
current exploration efforts continue to make discoveries. For 
example, Botswana is showing potential for stratiform-type 
copper deposits similar, and probably equivalent in size, to the 
Zambian Copperbelt, whereas the Katanga Copperbelt is now 
known to extend into Angola. It could be only a matter of time 
before a deposit like those currently known, is discovered 
in the SADC region and its member states should develop 
mechanisms on how to create regional benefit from such a 
resource.

ii. Developing Li-Co minerals value chain requires 
building synergies with battery manufacturers: Strong 
demand for high-tech products, coupled with rapid global 
industrialization and population growth, have placed increased 
pressure on the availability of raw materials including lithium 
and cobalt. Li-Co minerals will continue to be important 
due to their applications for energy generation in the low 

carbon future and use in high technologies. Demand for Li-Co 
is expected to remain buoyant in the long term as countries 
continue to tighten and implement policies building a low carbon 
environment, which justify developing the value chain in Africa. 
In a bid to avoid risks resulting from individual trade policies, 
major Li-Co consumers like China, the USA, the EU, Canada, 
Australia, Japan, and Korea could be important allies in the 
developing value chains.  Identifying synergies with major battery 
manufacturers and users such as LG, Samsung, and Tesla should 
be accelerated in a bid to create a clear market for the continent. 
It is becoming common practice for miners in the developed 
world to engage in joint ventures or propose agreements that 
facilitate the development of the full value chain. 

iii. Market control: The world’s Li-Co market is largely controlled 
by China, even though it has few cobalt resources. There are 
many Chinese companies like China Molybdenum operating 
in other countries e.g., the DRC and Zambia, creating captive 
raw material supplies for the Chinese LIB and EV market, but 
major consumers outside China are keen to establish alternative 
supply chains beyond China’s jurisdiction to ensure a reliable 
and consistent supply at predictable prices. African countries 
should take a common position at the African Union (AU) level 
to ensure that there is a defined strategy for engagement of 
countries at regional or continental level in the development of 
the value chain.

iv.  Development of Li-Co value chains in Africa: Companies 
investing in Africa are focused on developing the supply side of the 
value chain to supply concentrate, mostly to their jurisdictions 
in China or the Western world. Cobalt is being processed a 
little further down the value chain, but African countries are 
yet to set up the full value chain on the continent. This is the 
area Africa will need to focus on to consolidate end-to-end 
development of the value chain. Three main phases of the Li-
Co value chain were identified as necessary for value creation.                              
These are:
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Currently two potential projects are likely to be at the centre of a Li-
Co value chain development. The Megamillion company is developing 
a LIB factory in South Africa which is likely to usher in a new lease 
of energy in the SADC region by creating a regional market for its 
Li-Co resources. The remaining challenge is to produce a quality 
product from the Li-Co resources to enable Megamillion to produce 
LIB. The other project is the Kiira Motor Corporation of Uganda, 
which has almost completed the construction of an electric vehicle 
manufacturing plant. Once fully developed for EV production, Kiira 
will require a source for its LIB battery requirements. This creates 
an opportunity for Africa if it can develop its value chain to  supply 
Kiira Motors with the lithium ion batteries it needs. New discoveries 
are still being made but countries also need to develop strategies 
that ensure the sustainable development of the value streams to 
benefit its people, including skills and capacity development.

(v) Need to accelerate the implementation of the value 
addition objective of the Africa Mining Vision: The Africa 
Minerals Development Centre (AMDC) and its implementing 
partners need to accelerate progress on the mineral value addition 
objective across the African continent by engaging in joint ventures 
with foreign multinationals to transfer skills in minerals beneficiation, 
especially Li-Co, where Africa’s skill set is inadequate.

Policy Recommendations

i. Conduct pre-feasibility studies on establishing Africa’s 
battery manufacturing value chain: 

 From this study, it is evident that Africa has all the ingredients 
required for chemical production for lithium ion battery 
manufacturing. However, in order to attract the funding needed 
to initiate such projects, a pre-feasibility study should be 
conducted based on country readiness and to assess the extent 
to which a country can benefit from the various segments of the 
value chain: raw materials; refineries; precursors and battery 
assembling. The study will assess each country’s readiness based 
on criteria including their capacities for innovation, capital-
raising, manufacturing, energy, and governance. Based on this 
data, the study will identify countries that have existing capacity 
in these areas and define the pathways for others to develop 
their capacity and readiness. The pilot plant already established 
by Megamillion in South Africa will provide good insights for the 
study. Its results will also inform a regional approach to battery 
manufacturing in Africa.

ii. Improve knowledge of Li-Co resources in Africa: 
 African countries should consider conducting national and 

regional geological mapping of all potential mineralisation to 
delineate potential quantities of critical mineral deposits. This 
asset base will form the basis for promoting Li-Co development 
to potential investors. Understanding the size of Li-Co deposits 
allows countries to allocate exploration concessions according 
to investors’ capabilities, through open and competitive bidding 
for licences. For example, huge deposits can be licensed to large 
corporations with the financial muscle and expertise to develop 
the whole value chain from exploration and mining to production 
of li-carbonates and co-compound products. Smaller deposits 
may be allocated to smaller mining operations and SMEs to 
participate in the value chain. To derive maximum benefit from 
its natural resources, the AMDC should be strengthened to 

Upstream: 

The exploration,
mining and
beneficiation
of Li-Co  minerals
into concentrate
(Phase 1).

Intermediate: 

The metallurgical 
processing, 
separation, and 
reduction (Phase 2).

Downstream:

The manufacture of 
consumer goods such
lithium carbonates/
hydroxides, cobalt 
compounds, cells, and
LIB (Phase 3).
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facilitate the development of these critical mineral resources 
in a manner that best serves the interests of Africa. Similarly, 
countries will need to invest in industrial applied research, 
for example promoting know-how transfers from the private 
sector to universities and local businesses. Countries may 
consider pooling resources to create dedicated centres of 
excellence on strategic minerals.

iii. Provide adequate incentives to existing Li-Co 
companies to develop integrated value chains: 

 Governments should continue to promote the current 
industry players as forerunners of potential bigger investments. 
Governments should develop ways to promote synergies 
between supply and demand sides. A good example is emerging 
in Uganda where Ionic Rare Earth and other mining companies 
are developing REE resources for mining, processing, and the 
export of concentrates to foreign industries. Meanwhile Kiira 
Motors is also based in Uganda, manufacturing electric Vehicles 
(EV) using imported components of LIB and other critical 
metal products. There are also iron ore deposits in south-
western Uganda and a historical lithium mine in north-western 
Uganda. The Kilembe copper mine in western Uganda, has 
been mothballed for years, but contains large quantities of 
copper, cobalt and niobium, all of which are critical metals to the 
electric vehicle and which could meet more than 90% of Kiira’s 
critical metal supply without the need for imports. The need 
to develop a complete value chain is obvious in this scenario. 
Governments must facilitate the establishment of integrated 
industry structures to produce components through granting 
appropriate incentives.

iv. Improve the investment environment: 

 Better governance is required if Africa is to attract the 

exploration and mining capital to develop its critical metals 
resources. Firstly, governments must ensure a stable 
macroeconomic environment with minimal currency 

fluctuation. There should be process transparency in all steps 
from the acquisition of mineral rights through to establishment of 
mines. Support from the State in the logistics to limit the capital 
expenditure on investment, especially in remote locations, will 
also be needed. This set of conditions is most likely to attract 
value chain end-to-end investors to the jurisdiction. The African 
Minerals Development Centre (AMDC) will need to work with 
member countries and regional economic communities to create 
the right environment for investments catering for all phases of 
value addition in the metals industry. 

v. Adapt the model of the ‘Asian Tigers’ with elements of 
homegrown initiatives: 

 Africa needs to leapfrog gradual improvement by learning from 
manufacturing models that have worked elsewhere, especially 
in China and Japan, which leveraged rapid industrialization 
to create employment for their populations through value 
chain development. This will ensure Africa keeps pace with 
developments in the mining, beneficiation and marketing 
landscape. 

vi. Local content improvement 

 Most immediately, governments must ensure foreign investors 
employ local personnel in decision making at  supervisory, 
management and executive levels, which will leverage the impact 
and implementation of local content plans. Governments must 
also support tertiary institutions to train graduates to meet 
industry requirements and companies should also be encouraged 
to support vocational training and apprenticeships to develop 
their skilled and semi-skilled personnel base locally. 

 
 In the long term, experienced local mining experts can transition 

from being employees to home-grown investors. With the 
help of the State, these indigenous entrepreneurs can make 
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investments along the value chain through providing specialized 
services such as supply chain or technical support or through 
consultancy, or through direct investment as value chain 
developers or downstream consumer product manufacturers. 

vii. Strengthen efforts to formalise artisanal and small 
scale mining (ASM) operations: 

 The DRC must create well-structured ASM operations to 
ensure compliance with international labor laws, otherwise it 
risks consumer countries boycotting its products because of 
unethical labor practices. As it is a country well-endowed with 
both Li-Co commodities, it would be unfortunate to lose the 
opportunity to transform employment practices and boost its 
economy bringing more benefits to its population. The ASMs 
need to be protected from the risk of exploitation especially 
women and strong efforts must also be made to remove 
children from unacceptable forms of child labour. In the DRC, 
the prevalence of ASMs and the problems arising from them 
are largely due to lack of proper governance in the militia-
controlled mineral rich districts of the country, a situation that 
needs urgent attention at regional and AU level.

There has also been conflict between the artisanal miners, 
independent militia, and the army. In some incidents, the military 
cleared unauthorized artisanal miners from mining sites. The army 
cannot maintain control over the sites however, and these miners 
return, eroding the site’s mineral base without the permission of the 
concession holders. While it is nearly impossible to stop artisanal 
miners from encroaching on industrial mining sites, their unregulated 
presence poses grave safety risks for the mining companies, as well 
as reputational problems for both the businesses that own the 
mines and their customers.

Despite the numerous challenges, artisanal mining, especially for cobalt 
in the Democratic Republic of Congo is capable of transformation. 
Small-scale mines can help pull people out of poverty when they 
function properly and are regulated efficiently. There is a need to 
formally integrate artisanal miners into industrial supply chains, so 
that companies have greater control over their working practices and 
miners can make a living safely.

This study has shown that development of the Li-Co value chain can 
have a wide range of investment and capex requirements varying 
from as low as $10 Million to about a billion dollars. Governments 
should therefore provide incentives for local investors to participate 
in the upstream end of the value chain i.e., processing ores into 
concentrates, and large scale companies should be incentivised to 
develop the full value chain of Li-Co up to products such as Li-
carbonates, cobalt compounds, cells, or the LIB itself. It is only when 
proper governance for ASM operations is established that issues 
associated with artisanal miners like child labor, social and gender 
discrimination can be alleviated.  
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CLIMATE change caused by carbon emissions from the use of fossil 
fuels has been recognised as a major threat to the earth and human 
livelihoods and as a result, a low-carbon energy transformation is 
underway. Technologies using critical minerals are on the rise as to 
provide alternatives. This research explored the potential impacts 
that the continuing boom in low-carbon energy technologies will 
have on demand for these critical minerals and metals, in particular, 
lithium (Li) and cobalt (Co) as key metallic components for low-
carbon energy storage.

Over the years, the world has witnessed a series of agreements under 
the United Nations Framework Convention on Climate Change 
(UNFCCC) on greenhouse gas (GHG) reductions to reduce the 
rate of climate change. The latest has been the 2019 United Nations 
(UN) Climate Action Summit advocating for rapid action to reduce 
emissions in an attempt to avoid the mean global temperature 
from rising by more than 1.5 °C (2.7 °F) above pre-industrial levels. 
Achieving this goal calls for a global resolve to significantly reduce 
GHG emissions. A carbon-constrained future would require a pivot 
away from non-renewable resource development and use. In the 
current technological context, the alternatives to enable this future 
are energy storage facilities for energy harnessed from wind and 

solar sources, and the scaling up of electric vehicles (EV) as a substitute 
for fossil fuel-powered vehicles. Minerals and metals expected to see 
heightened demand include aluminium, cobalt, copper, lead, lithium, 
manganese, nickel, silver, steel, and zinc and rare earth minerals. In the 
most significant example, the demand for electric storage batteries is 
expected to increase by more than 1000% to prevent the mean global 
temperature from rising by more than 2°C (Arrobas et al, 2017), let 
alone the target of 1.5oC. Storage batteries use aluminium, cobalt, 
iron, lead, lithium, manganese, and nickel, and the global climate 
change targets imply growing needs for these minerals.  This study 
explores the potential demand for lithium and cobalt (Li-Co) in the 
light of this forecasted demand and examines the opportunities Africa 
can tap into by developing the value chain.  Resource-rich countries 
can take advantage of this increased demand to foster growth and 
national development, and countries with capacity and infrastructure 
to supply the minerals and metals required for cleaner technologies 
have a unique opportunity to grow their economies if they develop 
their mining sectors in a sustainable way. 

Several African countries are endowed with 
these critical minerals and can benefit from 
this boom to foster sustainable growth 
and development. Value addition across 
the resource commodity value chains is 
one of the ways in which African countries 
or regional member countries (RMC) can 
benefit from these natural resources. The 
potential benefits are significant and include 
enhanced income generation, employment creation and accelerated 
industrialization as well as regional integration when synergies are 
developed between the members of regional economic communities 
(REC).  However, policies to promote value addition must be 
informed by sound evidence, the reason for this study commissioned 
by the African Natural Resources Centre (ANRC) of the African 

This study explores the 
potential demand for 
lithium and cobalt (Li-
Co) in the light of this 
forecasted demand 
and examines the 
opportunities Africa can 
tap into by developing 
the value chain.  
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Development Bank (AfDB). The study undertakes an analysis of the 
value chain development for the minerals lithium and cobalt (Li-Co), 
for which demand has soared due to their use in a number of high-
tech industries, in particular, in green energy technologies.

Many African states are experiencing rapid economic development 
and are conscious of the need to reduce carbon. The use of 
products using Li-Co is obviously on the increase but due to a lack of 
established LI-Co value chains, Africa continues to rely on imports. 
Significant lithium resources are known to exist in African countries 
including Zimbabwe, Democratic Republic of Congo (DRC), 
Namibia and Mali, and cobalt is known to exist in South Africa, 
Zambia, Morocco and Madagascar and the DRC. Zimbabwe and 
DRC have known reserves of lithium and cobalt, with DRC having a 
market share of about 70% of the global cobalt production. Despite 
such resource availability, Africa has not comprehensively harnessed 
its potential. Adequate domestic policies for the development of a 
beneficial value chain for improved prosperity, and job creation, 
to support the sustainable development of the continent have not 
been formulated. This study therefore seeks to find answers to the 
fundamental question of how African countries can best harness 
these resources to accelerate their sustainable development.

The main policy document that guides mineral extraction and 
development in Africa, the Africa Mining Vision (African Union, 
2009) recognises the importance of mineral value chains through the 
development of mineral “linkages.” The Africa Mining Vision (AMV) 
envisages the “transparent, equitable and optimal exploitation of 
mineral resources to underpin broad-based sustainable growth 
and socio-economic development.” This shared vision will require 
a knowledge-driven African mining sector that stimulates and 
contributes to the broad-based development of a single African 
market and then becomes fully integrated in it.  There is no doubt 
that the development of mineral value chains in African countries 

are considerably constrained by national economic conditions, as 
well as international trade peculiarities and environments, and that 
these factors affect the continent’s collective ability to successfully 
leverage inherent comparative advantages. Entry barriers to 
downstream processing would provide one such example. Assessing 
these conditions, as well as related risks and rewards, ensures that 
with properly designed interventions, the deliverables can be aligned 
to expectations. Based on this, it is therefore apparent that the 
need for downstream processing requires greater examination and 
understanding of these processes.
 

1.1.  Importance of Lithium and Cobalt in the Low   
        Carbon Future

Lithium and cobalt are key components in the production of lithium 
ion Batteries (LIB) used in Electric Vehicles (EV) and electricity 
storage. With the global commitments to reduce GHG emissions 
and create a low carbon future, the LIB has emerged as one of the 
best solutions to the GHG emission problem. It powers electric 
vehicles expected to replace fossil fuel-powered vehicles, and stores 
electricity from wind, solar and tidal power plants. In 2017, the LIB 
technology required as much as 55% of lithium and cobalt combined as 
raw material for its manufacture (Figure 1). With the world expected 
to take a phased approach to replacing fossil fuel vehicles by 2050, 
the demand for Li-Co has soared as the industry positions itself for 
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mass production of EV. Key implementation dates for low carbon 
reduction are 2030 and 2040, which form the basis for most of the 
forecasts in this research. The adoption of the new technology in 
passenger vehicles is expected to be the main driver in the demand 
for Li-Co minerals. Figure 2 shows the global passenger EV demand 
forecast to year 2040.

The number of passenger EVs is expected to rise from a paltry 
two million in 2020 to almost 30 million by 2030 and 55 million by 
2040 (BNEF, 2020), heralding a revolution in the global transport 
system. The growth in demand for LIB is therefore expected to 
be remarkable, together with the demand for Li-Co minerals to 
manufacture the storage batteries.

Countries endowed with lithium or cobalt can expect a strong 
demand for their mineral resources, making this a pertinent time 
to consider developing strategic plans to maximize the benefits 
from this revolution. With most of the LIB value realised at the 
downstream end of the supply chain, well planned resource 
development strategies are required to increase the potential value.

FIGURE 1: Composition of LIB
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1.2. Objectives

The major objective of the study is to assess the opportunities 
and challenges of harnessing Li-Co value chains to accelerate 
industrialization and broad-based sustainable development in Africa. 
The specific objectives are: (i) to assess the current and future status 
of Li-Co reserves and their value chain in Africa; (ii) to identify 
opportunities and challenges for value addition in the Li-Co value 
chain in Africa; and (iii) to propose options or policy incentives for 
promoting value addition, efficiency, and equity of Li-Co value chains 
in Africa.

1.3. Methodology

The report has been prepared based on desk research and company 
consultations. Data was gathered from various sources but 
Bloomberg was particularly useful to draw analogies, conclusions, 

FIGURE 2: Annual EV projected demand by world’s major users. Source: BNEF
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and recommendations. Industry stakeholders were also consulted 
in South Africa and Zimbabwe to assist with analogies to enable the 
development of robust policies to support and promote a viable 
value chain. 

Available geological and mining literature was collected from 
various sources and reviewed to understand the mode of Li-Co 
mineralization in various global deposits and their distribution, 
particularly in Africa. Mineral and mining data was analyzed and 
comparisons enabled analogies to suggest parallels between Africa 
and the rest of the world. Mineral resource development data formed 
the basis for economic analysis of the industry sector including 
market analysis, criticality of the metals and risks associated with 
their development.

Market Analysis
Literature collected from industry 
stakeholders and technical platforms 
was used to draw baseline market 
economics of the Li-Co industry, with 
a focus on Africa as the primary market 
of Li-Co products, and a lighter review 
of the rest of the world. The research 
assessed supply and demand scenarios 
in a bid to determine likely availability 
of the resource on the upstream side 

and market availability on the downstream side, and outline the 
environmental conditions necessary to develop the value chain. In 
the current state of development, the Li-Co market is segmented 
into Li-Co process products (concentrates, carbonates, and metals) 
and Li-Co consumer products, (batteries, ceramics, alloys, catalytic 
applications). Drivers for developing the value chain are determined 
by assessing demand for consumer products, which, together with 
price forecasts, can be used in a top-down approach to determine 

Available geological and 
mining literature was 
collected from various 
sources and reviewed to 
understand the mode of 
Li-Co mineralization in 
various global deposits 
and their distribution, 
particularly in Africa. 

the possible economic parameters of establishing the upstream and 
intermediate industry units of the value chain. 

Consumption forecasts enable the likely Li-Co demand in future to 
be determined, which serves to advise governments on the industry 
growth rate needed if the industry is to stay at par with demand. 
Analyses of the trends of relevant economic indicators, such as 
population demographics, employment, literacy, gross domestic 
product (GDP), and energy consumption, provided by the statistics 
offices of the African states, enables consumption forecasting and 
therefore Li-Co demand in future. The research therefore advises on 
the likely growth trends for the industry based on these economic 
indicators. This will inform governments on the quantity of Li-Co 
expected in future, which again by backward integration, will indicate 
to industry the quantities of the Li-Co intermediate industry and 
mining operation required to meet the demand.

In the event of Africa developing the Li-Co value chain, its immediate 
global market target would be the regional locations of the countries 
listed in Figure 3. The research analyses the advantages and 
disadvantages of each market and the likely synergies the continent 
could consider exploiting to develop a competitive edge in this 
industry sector. Africa as a consumer is still trailing and unlikely 
to drive  meaningful consumption and market size large enough to 
support economic viability of the supply chain. The research explored 
options for Africa’s transition from being a net exporter of the semi-
processed products (or net importer of finished products) to being a 
producer and consumer at the same time. 

1.4. Importance of the Research

The sustainability of the industry forms a key component of the 
research, which necessitated an investigation of policy considerations 
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to create an enabling environment, as well as providing advice on 
best practice promoting investment in the industry. An assessment 
of current entry barriers to Li-Co mining and markets, outlining 
the economic setting and role of Li-Co mineral resources in Africa’s 
development is fully explored. The study examined the prospects 
of a regional approach to the development of the value chain. It 
also reviewed the prevailing policy frameworks offering guidance 
on how African countries can revise policies to attract investment 
along the value chain from exploration, mining, and beneficiation 
to final processing of the Li-Co. The study also provided a broad 
outline of the dimensions of mineral value addition along the Li-Co 
value chain and products in Africa. It provided recommendations 
for promoting national and regional Li-Co value chains in Africa’s 
regional economic communities (RECs) and the development of an 
action plan to implement the recommendations including a proposed 
prioritisation of areas for investment and/or policy interventions.

The research took into consideration the fact that all the companies 
investing in Africa are foreign, listed on major stock markets (e.g., 
LSE, AIM, TSX, and ASX). Whilst foreign direct investment (FDI) 
is important in the development of countries and regions in which 
companies invest, the study explored the possibility of developing 
home-grown local companies owned by the citizens of the respective 
jurisdictions, and the benefits that come with such investments. 
These scenarios are analyzed at policy level for the African continent, 
including the development of robust enabling policies and strategies. 
Consideration was given to how Africa cooperation on AfCFTA and 
the AMV can be leveraged to harness Africa’s mineral resources for 
further socio-economic development. 

Among the issues highlighted are the need to compete globally, to 
implement initiatives such as establishing intra-regional production 
and trade of ores, and exploiting the competitive advantage of South 
Africa’s infrastructure and human capacity for the downstream side 

of the value chain. The technology and skills requirements among 
AU member states, and current deficiencies along the Li-Co value 
chain are also analyzed, while identifying current gaps and proposing 
remedial actions, and suggestions for optimum Li-Co value chain 
development in Africa are discussed at national and regional levels.

A shift to a low-carbon future would result 
in opportunities for mineral-rich countries 
but also points to the need for these 
countries to ensure they have long-term 
strategies in place that enable them to make 
smart investment decisions. In readiness for 
the surge in demand, countries will require 
appropriate policy mechanisms to safeguard 
local communities and the environment. The 
importance of this development to African 
countries cannot be over-emphasised. The creation of the end-to-
end value chain could aid industrial growth, job creation, revenue 
generation, forex earning on exports and saving on imports, all 
culminating in a dramatic GDP growth if managed well. The research 
concludes by exploring policy options available to create an enabling 
environment for establishing end- to-end value chains of Li-Co in 
Africa.

The research took 
into consideration 
the fact that all the 
companies investing 
in Africa are foreign, 
listed on major stock 
markets
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LITHIUM has unique chemical and physical characteristics 
which makes it useful in many technological advances including the 
rechargeable battery industry. It is a silvery white to grey alkali 
metal with a metallic lustre when fresh but also highly reactive,  
quickly tarnishing to a dull silvery-grey and then black in air due 
to oxidation. It is so highly reactive that it is never found in its 
elemental form. Lithium has high electrical conductivity and is one 
of the metals with the highest electronegativity, properties which 
make it ideal for use in batteries. It also has the advantage of being 
the lightest metal, making it suitable for use in lightweight batteries.

2.1. Lithium Occurrence

There are over 100 lithium minerals but only a few are of sufficient 
economic value to warrant extraction. The most common lithium 
economic minerals are spodumene, petalite and lepidolite. Eucryptite 
and amblygonite have been mined in Zimbabwe although the 
deposits are rare elsewhere in the world. There are also hectorite 
and jadarite with potential for economic deposits. In addition to 

Global Lithium 
and Cobalt 
Deposits

these hard minerals are lithium brines normally occurring with other 
salts (chlorides or carbonates) of sodium, potassium, calcium, and 
magnesium.

Spodumene is the most abundant lithium-bearing mineral found in 
economic deposits. It occurs as crystals in granites and pegmatites 
intermixed with quartz. Two varieties of spodumene are of gem 
quality. Lepidolite is a form of mica, with a lamellar cleavage, found in 
pegmatites. Lepidolite can occur in association with the other alkali 
metals (potassium, caesium and rubidium) which can be processed 
as by-products when processing the Li ore. Petalite often occurs 
with lepidolite in pegmatites and often alters to spodumene. Lithium 
deposits are classified as mineral deposits if their source is  crystalline 
rocks bearing economic concentrations of the lithium minerals or 
brine deposits if they are from salt waters or precipitates.

In mineral deposits, lithium is currently extracted from pegmatite 
deposits. However, increased demand for the metal is likely to trigger 
interest in the lowly concentrated hectorite and jadarite deposits as 
they become increasingly economic. 

Extraction from brines primarily occurs from continental brine 
deposits but extraction from geothermal and oilfield brines has been 
demonstrated in recent years, but not yet at a commercial scale (T. 
Brown et al., 2016). Figure 3 shows the world’s lithium deposits by 
type and distribution.
 
In Africa, deposits with known resources are of pegmatite type found in 
Zimbabwe (540,000t), the Democratic Republic of Congo (1.145Mt), Mali 
(400,000t) and Namibia (9,000t). Table 1 shows known lithium deposits 
in Africa.

02
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2.2. Cobalt Occurrence

Cobalt is a silvery grey brittle metal with diverse uses because of 
its key properties. These include: hardness; wear-resistance when 
alloyed with other metals (such as chromium, molybdenum, and 
nickel); low thermal and electrical conductivity; high melting point; 
multiple valences; and production of an intense blue colour when 
combined with silica. Cobalt is ferromagnetic, and it retains this 
property at the highest temperature of any other metal (1,121oC). 
Although pure cobalt is not found naturally, cobalt-bearing minerals 
and compounds are numerous and widespread. The mineralization 
of cobalt deposits is diverse and includes both primary (hypogene) 
and secondary (supergene) phases. In primary deposits, most 
cobalt is recovered from sulphide minerals, and secondary deposits 
cobalt-rich phases are common, like the Ni-Co laterite deposits. 

FIGURE 3: World lithium resource distribution (in thousand tonnes) by country 
and deposit type.

Source: Science Direct, 2014
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It is preferentially bound to iron, nickel, copper, and sulphur rather 
than to oxygen, forming various sulphide and sulfarsenide phases 
like cobaltite, carrollite, skutterudite, erythrite. It also forms oxides, 
hydroxides, and carbonates. According to the British Geological 
Survey (BGS) research, nickel-copper sulphide ores like pentlandite, 
pyrrhotite and chalcopyrite in magmatic nickel-copper(cobalt-PGE) 
deposits may reach cobalt grades between 0.4 and 1.3%. Cobalt 
in nickel-cobalt laterites is enriched in oxides (goethite, hematite, 
asbolane, lithiophorite and heterogenite), manganese-oxides and 
oxyhydroxides.

2.2.1. Cobalt Deposits

Cobalt deposits of potential economic importance are diverse in terms 
of their geologic setting, age, morphology, mineralogy, geochemistry, 
origin, and grade-tonnage. The principal deposit types that account for 
most of the world’s cobalt mine production are stratiform sediment-
hosted Cu-Co deposits, Ni-Co laterite deposits, and magmatic Ni-
Cu(-Co-PGE) sulphide deposits (Figure 4). 

FIGURE 4: Cobalt mine production by deposit type – 2017

Source: BGS 2017
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South Africa, and Tanzania, all of which could have Ni-Co association. It would be prudent for 
strategies to be developed to harness this mineral resource sustainably so it can benefit Africa’s 
population. 

Table 1: World Cobalt Mine Production and Reserves, 2018 

World Cobalt Mine Production and Reserves, 2018 
Country Production (MT) % Production Reserves (MT) % Global 

Reserves   2018 
Congo (Kinshasa)  104,000 70.27 3,600,000 51.43 
Russia  6,100 4.12 250,000 3.57 
Australia  4,880 3.30 1,200,000 17.14 
Philippines  4,600 3.11 260,000 3.71 
Canada  3,520 2.38 230,000 3.29 
Cuba  3,500 2.36 500,000 7.14 
Madagascar  3,300 2.23 120,000 1.71 
Papua New Guinea  3,280 2.22 56,000 0.80 
South Africa  2,300 1.55 50,000 0.71 
Morocco  2,100 1.42 18,000 0.26 
New Caledonia 2,100 1.42                         N/A 0.00 
China  2,000 1.35 80,000 1.14 
United States  490 0.33 55,000 0.79 
Other countries  5,540 3.74 570,000 8.14 
World total (rounded)  148,000 100 7,000,000 100.00 
Source: USGS, Mineral Commodity Summaries, 2020 

 

2.2.2. Cobalt Production 
Cobalt is mined as a by-product of other minerals. In the Democratic Republic of Congo (DRC) and 
Zambia, it is produced as a by-product of the copper mining of stratiform sediment-hosted Cu-Co 
deposits. In most other countries it is produced as a by-product of nickel mining. Production from 
Cuba and New Caledonia is from Ni-Co laterite deposits, and production from Canada and Russia and 
most of the production from China is from magmatic Ni-Cu(-Co-PGE) sulphide deposits. Production 
from Australia and Brazil is from Ni-Co laterite and magmatic Ni-Cu(-Co-PGE) sulphide deposits. 
Morocco is the only country that produces cobalt as the principal commodity from hydrothermal 
polymetallic vein deposits. 

 

The major cobalt-producing region is the Democratic Republic of 
Congo (DRC), with some large deposits also known in Australia, 
Russia, Cuba, New Caledonia, and Canada. Cobalt can be found in 
economic concentrations in three principal deposit types: stratiform 
sediment-hosted copper-cobalt deposits; nickel-cobalt laterite 
deposits; and magmatic nickel-copper (-cobalt-platinum-group 
element (PGE)) sulphide deposits). Cobalt is also concentrated in 
a variety of other geological settings and deposit types, from some 
of which it was extracted in the past. Significant concentrations 
of cobalt may also occur on the sea floor in iron-manganese-rich 
nodules and cobalt-rich crusts, although to date no cobalt has been 
commercially extracted from these sources. 

In terms of mineral resource, Africa tops 
the list with the Democratic Republic 
of the Congo having the largest cobalt 
reserves in the world, at 3.6 million 
metric tonnes as of 2019 (Table 1/Figure 
5). As the total global cobalt reserves 
amount to seven million metric tonnes, 
this means that DRC’s cobalt reserves 
account for nearly half of the world’s 
reserves of the metal. Australia, in 

second place, holds an impressive 1.2 million metric tonnes of the 
global cobalt reserves, equating to a 17.1% share (Table 1/Figure 5). 
Other African countries not included on the world chart in Figure 
3 include the Kilembe Cu-Co deposits in Uganda and the Cu-CO 
stratiform deposits in Zambia.

The strong association of copper and cobalt in stratiform deposits is 
a potential upside for Africa. The current exploration in Central and 
Southern Africa, in Botswana, Zambia, Uganda, the DRC, Angola 
and Namibia, has shown huge potential for copper deposits and the 
associated cobalt by-product. It seems indisputable that Africa will 

The strong 
association of 
copper and cobalt in 
stratiform deposits 
is a potential upside 
for Africa. 

be the driving engine behind the cobalt value chain. There are also 
nickel deposits in greenstone belts and PGE deposits in ultramafic 
intrusions, particularly in Zimbabwe, South Africa, and Tanzania, all of 
which could have Ni-Co association. It would be prudent for strategies 
to be developed to harness this mineral resource sustainably so it can 
benefit Africa’s population.

TABLE 1: World Cobalt Mine Production and Reserves, 2018

Source: Generated based on USGS Mineral Commodities Summaries 2020.

2.2.2. Cobalt Production

Cobalt is mined as a by-product of other minerals. In the Democratic 
Republic of Congo (DRC) and Zambia, it is produced as a by-product 
of the copper mining of stratiform sediment-hosted Cu-Co deposits. 
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In most other countries it is produced as a by-product of nickel 
mining. Production from Cuba and New Caledonia is from Ni-Co 
laterite deposits, and production from Canada and Russia and most 
of the production from China is from magmatic Ni-Cu(-Co-PGE) 
sulphide deposits. Production from Australia and Brazil is from 
Ni-Co laterite and magmatic Ni-Cu(-Co-PGE) sulphide deposits. 
Morocco is the only country that produces cobalt as the principal 
commodity from hydrothermal polymetallic vein deposits.

Figure 5: World Cobalt reserves by country, 2019. Data Source: Statista, 2020.
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As figure 5 shows, the DRC eclipses every other global cobalt 
producer. The mining industry in the Democratic Republic of Congo 
is the most lucrative and essential part of the DRC economy and is 
the country’s largest source of export income. In 2019, the worldwide 
mine production of cobalt amounted to 140,000 metric tonnes (Figure 
6), and at 100,000 tonnes per year of production, the DRC accounted 
for nearly two thirds of the world production, making it the world’s 
largest cobalt producer by a large margin. The DRC’s mine production 
of cobalt has nearly tripled since 2008 and more projects are still 
coming on board, indicating the importance of DRC in the world’s 
cobalt market. Despite having the largest reserves of cobalt as well as 
other minerals in the world, the DRC still suffers severe poverty and 
inequality.  Resource management policies can ensure these valuable 
mineral resources have a transformative impact on the economy and 
people’s livelihoods.
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FIGURE 6: Major countries in worldwide cobalt mine production from 2014 to 2019.
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2.2.3. Cobalt Processing

Cobalt-bearing ores are processed through a variety of extractive 
metallurgical techniques, depending on the type of ore, the availability 
of energy, environmental concerns, the market demand for primary 
products and by-products, and overall project economics. Ni-
Co laterite ores generally require minimal beneficiation before 
being refined. Ores from magmatic Ni-Cu(-Co-PGE) sulphide 
and stratiform sediment-hosted Cu-Co deposits are processed by 
standard rock crushing and grinding techniques, typically followed 
by froth flotation to produce mineral concentrates, which are then 
refined to recover the metals. 

The ores or concentrates can be processed in one of the following 
ways: (a) leaching, (b) roasting and then leaching, or (c) smelting 
and then leaching. The resulting solutions are purified and refined 
to separate out the individual metals. The purification and refining 
are generally carried out by one or more hydrometallurgical and 
electrometallurgical methods, including chemical precipitation, 
electrowinning, hydrogen reduction, ion exchange, and solvent 
extraction. Leaching of cobalt-bearing ores can take place at various 
temperatures and pressures using acids or other solutions, such as 
ammonia, ammonia–ammonium carbonate, chloride, or chlorine. In 
a few cases, leaching is accelerated by the introduction of bacteria. 
For example, bacterial leaching was used at Kasese, Uganda, to 
recover cobalt from stockpiled pyrite concentrates that were 

generated during earlier copper mining. 

Cobalt production in both Zambia and the DRC is realised as a 
by-product of the giant copper mines in the region. Some of the 
operations terminate at concentrate production, which they sell on. 
Both countries have smelters processing the concentrate to either 
copper blisters, anodes, or cathodes. This is an obvious area requiring 
further attention to ensure that the value chain is fully optimized 
according to local needs. Investments should be channelled towards 
the development of the value chain.

China’s Nonferrous Mining Corp’s (CNMC) Lualaba copper smelter 
commenced operations in the Democratic Republic of Congo (DRC) 
in 2020 with an estimated output of 120,000 tonnes of copper per 
annum. The Kamoa Copper Project, situated in the Kolwezi District 
of Katanga in the DRC, is expected to build an in-house smelter with 
a capacity of 300,000 tonnes per year of blister copper for its 740Mt 
copper resource. The fact that the DRC and Zambia have capacity to 
process their ores to almost the production of the refined metal is 
encouraging. There is a significant amount of value addition potential 
to Cu-Co ore, and it is hoped this can include the cobalt process 
circuit.

Around 2009 several smaller-scale private Chinese companies invested 
in copper smelting in Katanga. The smelters purchase unpurified 
copper directly from artisanal miners, process it and sell it overseas. 
This type of activity should be scrutinized to ensure operations 
conform to International Labour Organization (ILO) laws, ensuring 
unacceptable child labour is not involved. The DRC government also 
needs to implement policies that support and promote the ASM 
sector, establishing that they get fair compensation from smelters 
when they sell their ore. Issues of environmental degradation and 
health and safety also must be considered to protect citizens and 
local communities.
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03

IN order to develop a Li-Co value chain, the industry’s  market 
dynamics should be clearly understood. In such an analysis, there 
are two fundamental questions to be answered: 1) Is there a market 
for the commodity? and 2) if the market is available, is there a supply 
source for the commodity? An affirmative answer to both questions 
creates the environment for establishing value chain development. 
Analyzing the economic dynamics of the industry, together with the 
logistical capabilities of establishing such a supply chain, would then 
determine the balance as an opportunity for entry into the Li-Co 
supply system and downstream consumer industry development. 
This section therefore investigates both ends of the value chain 
to determine the position Africa could take to participate in this 
growing industrial sector. One major factor at the forefront of 
Li-Co demand is the Electric Vehicle (EV) revolution as the EV 
replaces the internal combustion engine (ICE) in a bid to create a 
low carbon environment. Electric vehicle development has in turn 
triggered the energy storage revolution as batteries are required to 
store electric energy. The lithium ion battery emerged as the most 
suitable energy storage facility for use both in electric vehicles and 
for electricity storage from wind, solar and tidal energy.

Market Analysis

The energy storage revolution is driving high demand for the key 
battery minerals. Battery giants are scaling up battery production 
with mega-factories and are actively acquiring raw materials through 
off-take agreements. Figure 7 shows battery giant companies and 
their projected mega-factory capacities as of 2016.

FIGURE 7: LIB Companies and their factory capacities.
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3.1. Supply Analysis

In addition to lithium and cobalt, LIBs also consume manganese, nickel, 
phosphate, iron, graphite, aluminium and copper for energy storage. 
A major constraint to the LIB mega factory development stems from 
traditional metal miners scaling back production, resulting in supply 
constraints in by-product metals such as cobalt which are critical to 
battery chemistry. Lithium, on the other hand, seems to be less of a 
constraint as new lithium projects continue to grow with the rising LIB 
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demand, creating a balance between the two. The price of lithium 
continued to increase year-on-year until the setback experienced 
from 2019, which has been exacerbated by the outbreak of the 
COVID-19 pandemic. While growth in demand for most metals 
stalled in recent years, cobalt and lithium demand continued to 
soar, propelling prices to decade highs with new demand brought in 
the wake of the energy storage revolution. In addition to the robust 
demand from rechargeable batteries used in consumer electronics, 
the prospect of a booming electric vehicle market is expected to 
further increase upside demand potential, with some estimates 
indicating the demand for cobalt will grow at an average rate of 
approximately 5-8% per annum for the next several years.

With respect to prospects for the mining industry, much attention 
has been paid to the implications for the sector of a decline in the 
demand for coal over time, notwithstanding the potential for carbon 
capture and storage to help manage associated GHG emissions. 
In comparison, little attention has been paid to the implications 
of growing demand for materials required in the construction of 
renewable technologies and zero emission infrastructure. Minerals 
and metals will play a key role in the transition to a significantly 
lower carbon future, with potentially significant changes for the 
minerals and metals markets. Metals are crucial to the way in which 
energy is generated and used. The future move to a low carbon 
economy, based on low carbon electricity generation and energy-
efficient technologies, has a huge potential to shift both the scale 
and composition of the demand for minerals and metals. For Li-Co 
minerals in particular, it is helpful to analyse the current supply chain 
– from the source of the mineral resource, current uses and the 
demand for these metals.

For Africa to develop a strategy for its Li-Co mineral development, 
understanding the main drivers of the market for these metals is 
useful. Africa has a firm foundation on the supply side. Lithium 

occurs in abundance in at least four countries – Zimbabwe, the DRC, 
Namibia, and Mali – with Zimbabwe and Namibia already exploiting 
the metal deposits but exporting raw ore for processing in other 
countries in Asia. As previously described, cobalt is being mined in 
several countries and Africa is a significant player, with DRC topping 
the charts as the world’s largest producer (Figure 6). 

3.2. Li-Co Market – Demand Side Analysis

3.2.1. Uses of Lithium

Lithium is probably most familiar in everyday use in the lithium 
ion batteries (LIB) that power mobile phones and other portable 
electronic devices, but its historical and current uses go far beyond 
batteries as shown in worldwide lithium consumption of 2016 by end 
use (Figure 8). 

FIGURE 8: Primary industry use of lithium, 2016.

Source: BGS
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In 2016, batteries consumed 35% of the world’s traded lithium, 
followed by ceramics at 32%. Ceramics and glass were the main 
drivers of lithium demand until recently, when a surge in LIB uses 
changed the market dynamics entirely. Going forward, LIB are the 
key drivers in demand. Figure 9 shows the trends of lithium uses 
in the primary lithium industry since 2003, clearly illustrating the 
emergence of LIB demand growth from 2012 as the main driver for 
lithium consumption. 

Demand for batteries rose from 35 to 56% (Roskill, 2020) in three 
years, between 2016 and 2019, with non-rechargeable batteries 
accounting for only 2% of lithium consumption, while other uses 
showed significant decline, with ceramics falling from 42% to 22%. 
The fall in consumption shown in Figure 8 is not because demand 
reduced for those products but rather was due to price increases 
as demand for LIBs saw a surge. In other words, LIB demand has 
been largely covered by the increase in mine capacity as a direct 
response to LIB industry growth. Other industry sectors continue 
to enjoy static demand for lithium but that may not be for long. 
As prices soar due to LIB demand, other primary industries will 
seek alternatives leaving LIB as the main driver in the growth of the 
lithium industry. 

3.2.2. Uses of Cobalt

Owing to its physics-chemical properties, cobalt has many uses 
- some of which are irreplaceable in today’s technologies. Cobalt 
applications can be subdivided into two broad segments, chemical 
and metallurgical.

i. Cobalt for chemical applications is dominated by the 
rechargeable batteries segment. Key sectors include LIB for 
electric vehicles (EVs), and LIB for other applications (such as 
laptops, PCs, smartphones), polyester and tyres.

ii.  Cobalt for metallurgical uses, primarily in high temperature 
alloys with corrosion and wear resistant uses. Key sectors 
include superalloys (such as aerospace rotating parts, defence, 
power generation, thermal sprays, prosthetics), high-speed (HS) 
steel, carbide and diamond tools and magnets (samarium-cobalt 
permanent magnets). 

3.2.3. Uses of Lithium Batteries

Lithium, cobalt, and their associated compounds are used in several 
different types of batteries, both rechargeable and non-rechargeable. 
In non-rechargeable, or disposable, batteries, lithium metal or 
compounds are used for the anode. The batteries have a longer life 
than most other types of disposable batteries, and hence are more 
expensive. They are often used for applications where long life is 
important e.g., in medical applications, watches, clocks, or cameras, 
where they also have the advantage of reduced size. Compared with 
traditional battery technology, lithium-ion batteries charge faster, last 

FIGURE 9:  Annual use of lithium in tonnes in each of the primary lithium 
usage industries from 2003.

Source: mdpi.com
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longer (>5 years), and have a higher power density, leading to  more 
battery life in a lighter package. They provide up to ten times longer 
life than the lead-acid batteries.

3.3. LIB Outlook

The lithium ion battery (LIB) is the leading technology in rechargeable 
batteries and its high energy density is one of its chief advantages. 
With electronic equipment such as mobile phones needing to 
operate longer between charges while still consuming more power, 
batteries with a much higher energy density are required. In LIB 
technology, lithium irons move from the negative electrode, through 
the electrolyte to the positive electrode during use or discharge 
and move in the opposite direction during charging as shown in 
figure 10.
 
LIBs have advantages over other types of rechargeable batteries 
because in general they are lighter and have a high energy density 
(they produce more energy per unit of weight). They hold their 
charge better and have no ‘memory effect’ which means they do not 
have to be completely discharged before recharging. LIBs also have 
their own disadvantages: they are more susceptible to fluctuations 
in temperature, and they will be ruined if completely discharged. 
To avert this problem, a LIB pack is fitted with a tiny microchip to 
manage the battery, which makes them more expensive than other 
forms of batteries. There are also safety concerns due to the risk of 
fire if LIBs overheat. This, however, can be controlled with careful 
management that prevents short circuiting or overheating.

LIBs are used for numerous consumer electronic applications 
including mobile phones, laptop computers, cameras, as well 

being critical for electric vehicles, electricity grid-scale storage and 
aerospace engineering, and their demand is expected to continue 
surging, making them the driving force behind lithium demand in the 
future. This research therefore investigates further details on the 
market dynamics of the LIB technology.

According to stakeholders interviewed in Zimbabwe, the main concern 
is whether the current demand for LIB will continue into the medium 
term and therefore sustain the ramp up of mining for LIB metals. 
This cannot be guaranteed, because with advancement in technology, 
cheaper replacements to the LIB could become viable, rendering the 
mining of LIB associated minerals uneconomic. However, from an 
analytical point of view, it is likely batteries will continue to utilise 
lithium because of its unique properties.  Demand will continue to 
rise but prices are likely to stabilise at some point as more mines are 
developed to meet that demand.  

FIGURE 10: Simplified diagram of LIB technology.

Source: BGS
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3.4. LIB Market Dynamics

Demand for LIBs depends largely on the need to create a low 
carbon future for the world, and the type of that low carbon future 
is dependent on the policies and technologies the world adopts to 
reduce the rate of GHG emissions into the atmosphere. Most of 
the data used in this analysis is based on Bloomberg data of 2019.
LIB demand is expected to fall in the following categories:

• Stationary storage demand
• Passenger EV demand
• Consumer electronics demand
• E-business demand
• Commercial EV demand
• Total battery demand
• Other demand 

Each of these categories have specific power requirements for 
vehicles and storage. The lithium amount required for storage is 
therefore calculated over a given period, and which can be annualized 
to determine the lithium demand per year. Annual growth factors 
or jumps due to policy changes can also be applied to predict future 
demand. Figure 11 shows an integrated forecasting of the supply 
and demand scenario for lithium carbonate equivalent (LCE) based 
on LIB users as the drivers for lithium demand. Data is provided 
in metric tonnes of lithium carbonate equivalent unless otherwise 
stated.
 
Similar trends are observed when cobalt forecasts are plotted 
against time (Figure 12). A steady cobalt demand curve is observed 
up to 2030 with compound annual growth rate (CAGR) of 8%. 

FIGURE 11: Lithium Supply and Demand Outlook

FIGURE 12: Cobalt Supply and Demand Outlook.

Source: BNEF 2019

Source: Bloomberg 2019
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In both the lithium (Figure 11) and cobalt (Figure 12) supply and 
demand curves, the EV is the only parameter showing demand 
growth between now and 2030. The other LIB consumers (such 
as E-Business, Storage, Commercial Vehicle (CV), Consumer 
Electronics (CE)) show constant to marginal LIB demand growth. 
This shows that the passenger electric car will be the driving engine 
behind the growth in the demand of LIB.

The data in Figure 13 shows a year-on-year rise in demand for all 
LIB consumer products from 2015 to the present and that trend 
is projected to continue to 2030 as those technologies replace 
fossil fuel in energy production. The main driver for Zero Emission 
Vehicles (ZEV) demand is being steered by passenger electric 
vehicles, with a year-on-year growth rate in excess of 20% per year. 
That requirement in turn drives the demand for lithium and other 
battery metals like cobalt, nickel, and manganese. On the supply 
side, there is enough capacity to meet the projected demand, with 
the de-risked supply accurately tracking the demand. 

In a 100% ZEV, the demand is expected to rise by almost 3,000% 
for lithium and almost 2,000% for cobalt (Figure 13).

FIGURE 13: Lithium commodity demand set to surge 2,898% in a 100% EV world.
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The year 2030 represents a major milestone for many countries in 
terms of reducing fossil fuel use. The growth rate in consumption 
is in direct response to underlying policies in major economies to 
systematically cut the use of fossil fuel and ICE vehicles by replacing 
them with ZEV or EV. Figure 14 shows countries that have announced 
their timeframes for 100% ZEV. Within those countries are some 
cities that have their own targets for zero emissions (Figure 15).

Both figures 14 and 15 highlight the policy drivers behind the 
projected increase in EV and therefore the impetus for the supply 
of critical metals like lithium and cobalt for the manufacture of EV 
to replace ICE. Whilst countries’ commitment to phase out ICE and 
replace the technology with 100% ZEV or EV is split between 2030 
and 2050, most major cities commit to 2030. This makes 2030 and 
2040 key milestones in the drive for a global lower carbon future, and 
therefore are particularly important targets for strategies to develop 
critical metals value chains like lithium and cobalt. 

Figure 14: Countries and expected timeframe for ICE sales ban or 100%ZEV/EV.

Source: iea.org
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3.5. Impact of LIB Demand on Material Supply

The LIB is typically made of electrodes and a media for electron 
flow. The negative electrode is typically made of carbon in the form 
of graphite and the positive electrode is made of intercalated lithium 
compound such as lithium cobalt oxide, lithium ion phosphate, 
lithium manganese oxide or a non-lithium bearing substance. These 
materials are crucial to common battery technologies today and 
we expect that by 2030, lithium-ion batteries will be their largest 
single source of demand for the minerals of these compounds. The 
lithium, cobalt and nickel collectively form the cathode materials of 
the battery and they are the most expensive part of a battery pack. 
Figure 16 shows metal demand from lithium ion batteries.

FIGURE 15: Fossil fuel access restrictions in local jurisdictions.

Source: iea.org
Today, battery cell and component manufacturing are largely 
confined to Asia. As new markets for electric vehicles (EVs) grow, 
manufacturing will also move to these locations. As Africa is 
geographically close to the major consumers of LIB, this presents an 
opportunity for the continent. Unfortunately, based on data tracked 
by BloombergNEF, there are currently no battery manufacturing 
plants under development or commissioned in Africa as shown in 
Figure 17.

For governments around the world, the burgeoning EV sector is 
opening new growth opportunities in mining, manufacturing, and 
recycling. Securing positions in the manufacturing supply chain 
can also present an opportunity to offset the inevitable job losses 
from manufacturing internal combustion engines and capture new 
opportunities in the electric vehicle market.

FIGURE 16: Metal Demand Outlook from Lithium-ion Batteries (2018-2030).
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3.5.1. Lithium Market

Demand for high-purity battery-grade lithium chemicals is seen as 
likely to reach nearly 700,000 metric tonnes LCE by 2025, and 1.6 
million metric tonnes lithium carbonate equivalent (LCE) by 2030. 
In the near term, Bloomberg NEF estimates that battery demand 
for lithium will grow relatively steadily from below 300,000 metric 
tonnes LCE in 2020.

Lithium supply is currently concentrated in a few markets with the 
top six of the eight producers displayed in a chart format (Figure 18) 
showing their percentage share of lithium production.
 

FIGURE 17: Battery manufacturing plants around the world

Status     Fully Commissioned        Under constitution       Announced

Source: BloombergNEF.

However, supply and demand are expected to converge, and the 
market will start to see a deficit in supply by the turn of the decade 
(2030), with installed capacity failing to meet the projected 1.6Mt/y 
LCE demand. As Figure 11 illustrates, that transition from surplus 
mine production to deficit is projected to arrive in 2026, but, due to 
increased LIB use, a rise in used LIB will make recycling viable, which 
will sustain that deficit until 2030 as the LIB market continues to 
grow. 

Lithium is extracted from minerals produced from either brines or 
hard rock sources, with products from clays also in the pipeline. 
Each producing country currently supplies lithium from just one 
of these sources, e.g., hard rock (petalite) from Zimbabwe, brines 
from Argentina, Chile, and Bolivia, and hard rock (spodumene) from 
Australia. China is an exception as it produces from both brines and 
hard rock. In 2015, 56% of global output came from brines and the 
remaining 44% from hard rock sources. Whilst brines became the 

Figure 18: Major countries in worldwide lithium mine production from 2014 
to 2019. 

Source: Statista 2020
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dominant source of production in the 1990s due to lower production 
costs compared with the mining and the processing of hard rock, 
hard rock lithium has now regained its market share and will be a 
major source of growth moving forward, especially in China. Lithium 
is sold and used in two main forms, lithium carbonate (19% lithium 
content) largely produced from brines, and lithium hydroxide (29% 
lithium content) largely produced from hard rock sources, which 
is currently the preferred form for the longest-range EV batteries. 
An analysis of the supply chain indicates the likely deficits of both 
lithium carbonate and lithium hydroxide (Figure 19), which are 
expected to be in short supply in the second half of the decade, 
from 2026 onwards.

FIGURE 19: Lithium carbonate and hydroxide – demand against supply

Source: BloombergNEF.
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04

The Li-Co value chain starts with exploration of the metal bearing 
mineral followed by mining, if the resource proves to be economic. 
The run-of-mine (ROM) ore goes through a series of processes 
until the desired product is obtained (Figure 20). After mining 
and comminution, the ore goes through beneficiation processes, 
mainly gravity, floatation and magnetic separation to recover Li-
Co minerals in the form of a concentrate. This is followed by 
metallurgical processes specific to the type of mineral concentrate 
being treated. Lithium brine deposits have their own value addition 
process, which is completely different to mineral type deposits.

With specific consideration of the LIB industry value chain, the Li-
Co chain can be subdivided into five stages as shown in Figure 20.

Value Chain 
Analysis

FIGURE 20: LIB value chain

LIB Pack value chain

The value addition process has five broad subcategories: 

i. The upstream end of the value chain comprises exploration, 
mining and beneficiation with the main products being lithium 
and cobalt mineral concentrate, and other mineral concentrates 
which form part of a LIB component.

ii. The midstream section comprises hydro metallurgical processes 
to produce lithium carbonate and other metallurgical processes 
for other mineral components of the LIB. Cobalt, being a by-
product of other metals, has a different processing route 
dependent on the process type for the main mineral. Whichever 
route is followed, the result is cobalt hydroxide, lithium carbonate 
or lithium hydroxide.

iii. Products of stage 2 form the raw material for the manufacture 
of electrodes.

iv. The electrodes are assembled into a cell, which is the simplest 
unit of the LIB.

v. Stage five is tailor-made for the consumer with different cell 
packs depending on the final use and consumption.

4.1. Lithium Value Chain

Lithium is one of the most sought-after commodities worldwide 
due to its high demand on the market because of the LIB revolution. 
Industry players range from juniors to seniors on the upstream side 
of the value chain (including exploration, development and mining). 
Mineral processing to produce LCE, and the production of LIB for 
consumption, remains a preserve of the big industry players. Australia, 
Chile, and Argentina are the three major players on the upstream side 
(Figure 21) and China is the major player on the mid to downstream 
side of the value chain (including refining, electrochemical production, 
and cell production). Japan and South Korea, the world’s vehicle, and 
electronics giants, also have significant stakes on the downstream 
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side of the value chain i.e., electrochemical production and cell 
production.

FIGURE 21: The Lithium value chain and major country players at each stage 
of the value chain.

Source: BloombergNEF, 2020

Mining Refining Cell Production Battery AssemblyElectrochemical
Production

Lithium Supply Chain

Resource Development and Mining
Exploration for lithium has been on the increase in recent years, 
particularly since 2010, in response to the LIB demand. Projects 
are at various stages of development on every continent. At the 
exploration stage there is a mix of junior exploration companies 
and major mining companies, most of which are major global stock-
listed companies. At the exploration stage junior companies have  
participated in the lithium value chain through equity fundraising 
on stock markets and private equity driven by investor appetite for 
the commodity. Most major mining companies have the capacity to 
finance their own exploration projects from cashflows realised on 
the sale of their commodity, lithium mineral products. 

On the mining front, most of the miners are experienced mining 
companies. The mining method is mainly open pit or underground 
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100%
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0

for the mineral resource except in South America which treats salt 
brines in the Atacama Desert. Figure 22 illustrates the sources of 
lithium supply by mineral type. 

FIGURE 22: Source of lithium supply by mineral type. 

Source: BloombergNEF.
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Table 2 summarises production statistics for the upstream side. With 
a world lithium reserve of 17 Mt as of 2019 against a total production 
of close to 100,000 tonnes per annum, there is probably sufficient 
lithium resource for the foreseeable future, but this has not stopped 
further exploration as demand for LIB continues to rise. Production 
slowed by 17%, from 94,000 tonnes in 2018 to 74,000 tonnes in 2019, 
as a response to market forces. A similar trend is expected in 2020 
primarily due to the outbreak of the COVID-19 virus which stalled 
production worldwide. A recovery from the pandemic is likely to be 
followed by a recovery in the lithium market as the LIB industry gains 
momentum. The driver on the upstream side is not price, which has 
been on the decline recently and which could remain depressed, but 
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rather the anticipated mega LIB factories planned to feed the EV 
revolution.

Table 2: World lithium producers by country and their reserves. (2018-2019 
Lithium production).

Source: Generated based on USGS Mineral Commodities Summaries 2020. 

* Production is from exploration projects .  NA= Not Available. 

* 

Africa is in the game but at a smaller scale. Through its operations in 
Zimbabwe and Namibia, Africa had a percentage share of the global 
production of 2.7% when its mineral reserve constitutes 3.2% of 
the global reserves. Benefit from value addition is almost nothing 
for Zimbabwe as it exports raw ore to Asian countries for further 
processing. This is a barrier African states should address if the 
mining industry is to play a significant role in economic development.
Australia is the largest producer of lithium with 48,000 metric tonnes 
of LCE produced in 2019. The country has ramped up five additional 
spodumene operations with other pipeline projects expected in the 
coming years. Australia’s Greenbushes lithium asset is operated by 
Talison Lithium, a subsidiary jointly owned by mining firms Tianqi 

Lithium and Albemarle Greenbushes.

Chile is currently the second largest producer of lithium, with its 
production increasing from 14,200 metric tonnes of LCE in 2017 to 
18,000 metric tonnes in 2019. Chile’s lithium is found in lithium brine 
deposits. The Salar de Atacama salt flat in Chile generates roughly 
half of the revenue for SQM, a top lithium producer. 

China is the third largest producer of lithium with production totalling 
over 7,000 metric tonnes of LCE in 2019. While lithium production in 
China is comparatively low, it is the largest consumer of lithium, due 
to its electronics manufacturing and electric vehicle industries. It also 
produces nearly two-thirds of the world’s lithium-ion batteries and 
controls most of the world’s lithium processing facilities, according 
to data from Benchmark Mineral Intelligence. It also has amassed 
a controlling as well as an equity stake in many significant lithium 
operations around the world. 

There are currently only ten producing countries of which three – 
Chile, Australia, and China – accounted for 85% of global production 
(equivalent to 216,000t LCE) in 2017; only four companies – Talison, 
SQM, Albemarle, and FMC – control most of the mine output. Figure 
23 shows major lithium mining companies, their production capacities 
to date, and their projected capacities up to 2030.
 
Currently, there is no structural constraint on supply with global 
production well below the industry capacity of approximately 450,000 
tonnes per year against market demand of 230,000t/y of LCE. For 
example, the world’s largest miner, Talison, is operating at barely 60% 
of its nameplate, or maximum capacity, which if it were fully utilised 
would result in sufficient production to meet the global lithium 
demand well into the early 2020’s. This leads to the question over 
what has driven price hikes to an average price of $19,500/t in 2017 
from an average of $5,000/t in 2016,  without any supply constraint, 
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Table 2: World lithium producers by country and their reserves. (2018-2019 Lithium production). 

Country  
 Lithium 
Reserves 
(X1,000T)  

 Lithium 
Reserves 

(%)  

Mine Production (T) 
2019 

Production 
(%) 

Change in 
Production 

(T) 

Change in 
Production 

(%) 2018 2019 
Australia 1700 10.06 58000 48000 54 -16000 -28 
Argentina 2800 16.57 6400 6400 8 0 0 
Brazil 95 0.56 300 300 0 0 0 
Canada 370 2.19 2400 200 0 -2200 -92 
China 1000 5.92 7100 7500 10 400 6 
Chile 8600 50.90 17000 18000 23 1000 6 
Namibia NA  NA 500 500 1 0 0 
Portugal 60 0.36 800 1200 2 400 50 
Zimbabwe 540 3.20 1600 1600 2 0 0 
USA 630 3.73 0 0 0 0   
Other  1100 6.51     0 0 0 
Total_Global 16895 100.00 94100 77700 100 -16400 -17 
Total Africa 540 3.20 2100.00 2100.00 2.70 0 0 

NA= Not Available. Source: USGS, Mineral Commodities Summaries, 2020. 

Africa is in the game but at a smaller scale. Through its operations in Zimbabwe and Namibia, Africa 
had a percentage share of the global production of 2.7% when its mineral reserve constitutes 3.2% of 
the global reserves. Benefit from value addition is almost nothing for Zimbabwe as it exports raw ore 
to Asian countries for further processing. This is a barrier African states should address if the mining 
industry is to play a significant role in economic development. 

Australia is the largest producer of lithium with 48,000 metric tonnes of LCE produced in 2019. The 
country has ramped up five additional spodumene operations with other pipeline projects expected 
in the coming years. Australia’s Greenbushes lithium asset is operated by Talison Lithium, a subsidiary 
jointly owned by mining firms Tianqi Lithium and Albemarle Greenbushes. 

Chile is currently the second largest producer of lithium, with its production increasing from 14,200 
metric tonnes of LCE in 2017 to 18,000 metric tonnes in 2019. Chile’s lithium is found in lithium brine 
deposits. The Salar de Atacama salt flat in Chile generates roughly half of the revenue for SQM, a top 
lithium producer.  

China is the third largest producer of lithium with production totalling over 7,000 metric tonnes of LCE 
in 2019. While lithium production in China is comparatively low, it is the largest consumer of lithium, 
due to its electronics manufacturing and electric vehicle industries. It also produces nearly two-thirds 
of the world’s lithium-ion batteries and controls most of the world’s lithium processing facilities, 
according to data from Benchmark Mineral Intelligence. It also has amassed a controlling as well as an 
equity stake in many significant lithium operations around the world.  

There are currently only ten producing countries of which three – Chile, Australia, and China – 
accounted for 85% of global production (equivalent to 216,000t LCE) in 2017; only four companies – 
Talison, SQM, Albemarle, and FMC – control most of the mine output. Figure 23 shows major lithium 
mining companies, their production capacities to date, and their projected capacities up to 2030. 
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and what  this might imply for price evolution in the future. The 
answer to this question lies in understanding the development of 
the global mine supply and processing capacity – the majority of 
which is in China – as well as future production economics, that is, 
the industry cost curve.

All known lithium deposits in Africa are mineral-type deposits which 
can be mined by conventional open pit or underground methods. 
Bikita mine, the largest lithium mine in Africa, employs both open 
pit and underground mining methods to produce petalite ore. It is 
the fifth largest mine in the world.

FIGURE 23: Lithium mine supply curves - installed capacity

Source: BNEF.
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Mineral Processing
The first phase of processing lithium ore is comminution, as in any 
other conventional hard rock ore, a process of crushing and milling, 
which is followed by separation of the lithium minerals based on their 
physical, electrical, and magnetic properties to form concentrates. 

African Various

North America Various

China Various

Talison Greenbushes

MRL/Ganfeng Mt Marion

MRL/Albemarle Wodgina

Pilbara Pilgangoora

SQM/Kidman Mt Holland

Orocobre Olaroz

Livent Hombre Muerto

LAC/Ganfeng Cauchari-Olaroz

SQM Atacama

Albemarle Atacama

Other Various

Separation processes include wet and dry screening and separation 
by gravity, magnetic, electrostatic, and magneto-hydrostatic methods. 
The choice of method is dependent on the properties of the ore 
and gangue minerals. Further lithium concentration is achieved by 
floatation, dense media separation or a combination of the two 
processes. A typical concentrate (75-87% spodumene) suitable for 
lithium carbonate production will generally contain 6-7% Li2O, or else 
a concentrate of a specific grade is produced for other applications 
e.g., spodumene concentrate for ceramics should contain 7.6% Li2O.

The floatation process is followed by subsequent processing to 
produce lithium chemicals or lithium metal through leaching. There 
are many process routes for this stage, but the most usual route is 
the acid leaching method. This involves the conversion of naturally 
occurring α-spodumene, which is chemically unavailable to leaching 
due to its monoclinic crystal structure, to β-spodumene by heating 
the α-spodumene in a kiln for 15 minutes at 1050oC. This is followed 
by roasting a mixture of finely ground spodumene and sulphuric 
acid at 250oC to form lithium sulphate together with sulphates of 
iron, aluminium, and magnesium as impurities, which is followed by 
a leaching step to separate the lithium. The impurities are however 
removed by dissolution in water of the lithium sulphate followed by 
liquid-solid separation through filtration, producing a lithium sulphate 
solution with trace levels of magnesium and calcium as the only 
significant impurities. The purified lithium sulphate solution is treated 
with sodium carbonate to precipitate insoluble lithium carbonate 
(Li2CO3), which is dried before being sold or used as feedstock in 
the production of other lithium compounds. Typically, the Li2CO3 
achieves grades of up to 99.3% but for uses requiring higher grades 
(batteries require Li2CO3 purity of 99.5%), further processing such 
as bicarbonation is required.

Another popular method, known as carbonate leaching, involves 
first combining β-spodumene concentrate with water to make a 
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fine grained slurry, which is reacted with carbonate at 215°C and 
2140kPa in a pressure vessel where carbon dioxide (CO2) is added 
to convert the insoluble lithium carbonate into the more soluble 
bicarbonate. At this stage, contaminants such as iron, sodium and 
aluminium are precipitated out by carefully controlling reaction 
conditions.

Lithium carbonate is the most widely used commercial product 
of lithium mineral processing accounting for more than 90% of 
consumption. Other forms of lithium with important industrial 
uses include lithium hydroxide, butyl-lithium,  lithium metal and 
lithium chloride. These commercial lithium products are obtained 
by further processing Li2CO3 except for the production of lithium 
metal, which is produced by the electrolysis of molten lithium 
chloride and potassium chloride. Globally China accounts for most 
of the production of refined lithium chemicals as seen in Figure 24. 

FIGURE 24: Distribution of refined lithium chemicals by country

Source: CRU Group

China accounts for the majority of  production of refined lithium chemicals
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4.2. The Cobalt Value Chain

Cobalt is normally extracted as a by-product of other primary 
minerals, particularly copper and nickel. Its value addition process 
is therefore dependent on the value chain process of the primary 
mineral. Generally, the comminution process is like other hard rock 
type mineral processes except for laterite deposits, which have 
different process systems. Figure 25 is a schematic diagram of the 
cobalt supply chain. There are four main commercial stages before 
battery production:

i. Mining using open pit or underground mining, followed by 
comminution and leaching to produce a mineral concentrate.

ii.  Metallurgical and or chemical refining.
iii.  Chemical processing to produce cobalt chloride or cobalt 

sulphate used in the production of cobalt oxide.
iv.  Battery manufacturing requiring several chemical processes to 

produce the cobalt compound ready for LIB manufacture.

FIGURE 25: Cobalt supply chain

Mining and Metal Refining                                  Chemical Processing             Battery Grade
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Resource Development and Mining
Because cobalt occurs mainly as a by-product, little exploration 
targets cobalt as a standalone commodity. Most exploration (and 
mining) projects are sanctioned either as copper or nickel projects 
(Figure 26) where any value realised from the cobalt association is 
considered as credits to the primary commodity. 

 
Figure 26: Existing cobalt mines 
by primary product.  Source: 
BNEF, 2020

For this reason, there is 
higher capacity for lithium 
than for cobalt as primary raw 
materials for the consumer 
industry. Cobalt supply is 
expected to grow by 94% on 
average from 163,905t in 2019 
to 317,411t in 2030 (Figure 26). 
Supply growth is expected to 
outperform that of the DRC, 
realising growth rate of 98% on 
average by 2030 as consumer 

industries continue to look for alternative cobalt supplies aside 
from those produced in the DRC. This is primarily due to the 
world’s perception that child labour in involved in the production 
of at least 15% of DRC’s cobalt. At the forefront of this drive to 
provide alternative supply sources of the commodity are Australia 
and Canada. Australia is expected to increase its cobalt supply 
by 503% and Canada by 187% by 2030 (Figure 27). The shift in 
cobalt supply focus, whilst still marginal compared with the DRC’s 
supply potential, is a cause for concern which the DRC (and the 
Africa Union) need to address. Continued used of child Labor and 
other violations of international mining standards and norms can 

Figure 26: Existing cobalt mines by primary 
product.

Source: BNEF. 2020
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result in the DRC losing its preeminent position on the cobalt supply 
market, which would stifle Africa’s opportunity to create end-to-end 
commodity supply chains on the continent.

FIGURE 27: Mine production (2019) and 2030 forecast

Source: BNEF.2020

2019 Mine Production and 2030 Forecast

These growth projects outside the DRC could come from Australia, 
with companies such as First Quantum Minerals, the Ravensthorpe 
mine, CleanTeQ’s Sunrise Project, and Australian Mines, and the 
Sconi Project. With North America and Europe forming alliances, 
and governments investing in battery value chain security, some early 
stage projects could add to global supply by 2030. Many early stage 
projects are currently under development with hopes of providing 
alternative sources of cobalt outside the DRC. These projects include 
Fortune Minerals, Nico Project, Cobalt Blue’s Thackaringa Project 
and Barra Resources’ Mt. Thirsty cobalt-nickel project in Western 
Australia. 

Currently (as of 2019), there are 26 copper mines in production with 
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cobalt by-products constituting 55% of the world’s production, and 
21 nickel mines with cobalt by-product, constituting 44% (Figure 
28). The 1% balance of production comes from the only cobalt 
mine in Morocco (Figure 26). Of all the producing mines, the DRC 
currently accounts for about 70% of the world’s total production 
for cobalt mines (Table 3). 

TABLE 3: World cobalt producers by country and their reserves (2018-
2019 cobalt production).

The DRC is expected to continue dominating the supply market 
beyond 2030. Figure 27 shows the proportions of production in 
2019 and the production forecasts for 2030, with DRC leading on 
the supply side.

Based on upcoming projects announced by companies operating in 
Russia, Australia, Canada, the Philippines and Indonesia, significant 
contribution is expected from other global players. Global production 
will reach over 200,000 metric tonnes by 2025. The DRC is expected 
to continue dominating the upstream side in the next ten years (Figure 
27) with a market share expected to rise to 77% by 2025 (Figure 28). 
 
Figure 29 illustrates the world’s 
cobalt producing companies with 
nameplate capacity of 182,000t/y 
in 2019 and forecasted to ramp 
up capacity to 336,000t/y by 
2030. Company capacity growth 
includes those operating in the 
DRC and those abroad. 

 
Processing and Refining
About 72% of cobalt refinery 
capacity is in China, mostly 
dominated by Jinchuan Group 
and Zhejiang Huayou Cobalt. 
These two companies have 
upstream operations (mines) in the DRC to provide their refineries 
with raw materials, i.e., the cobalt concentrate. China’s dominance at 
the downstream end of the value chain is expected to extend beyond 
2030 as it regularly invests in projects in the DRC and Zambia to gain 
access to raw materials. Figure 30 shows the major players in cobalt 
refinery processes, with China holding a market share of 72%.

Outside China are refineries such as Umicore’s Kokkola Refinery, 
which was part owned by the DRC government, and Glencore’s 
Nikkelverk refinery. 

Figure 28: Cobalt production forecast, 2025.

Source: BNEF.

DRC vs Non-DRC mined cobalt supply, 2025
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These growth projects outside the DRC could come from Australia, with companies such as First 
Quantum Minerals, the Ravensthorpe mine, CleanTeQ’s Sunrise Project, and Australian Mines, and 
the Sconi Project. With North America and Europe forming alliances, and governments investing in 
battery value chain security, some early stage projects could add to global supply by 2030. Many early 
stage projects are currently under development with hopes of providing alternative sources of cobalt 
outside the DRC. These projects include Fortune Minerals, Nico Project, Cobalt Blue’s Thackaringa 
Project and Barra Resources’ Mt. Thirsty cobalt-nickel project in Western Australia.  

Currently (as of 2019), there are 26 copper mines in production with cobalt by-products constituting 
55% of the world’s production, and 21 nickel mines with cobalt by-product, constituting 44% (Figure 
28). The 1% balance of production comes from the only cobalt mine in Morocco (Figure 26). Of all the 
producing mines, the DRC currently accounts for about 70% of the world’s total production for cobalt 
mines (Table 3).  

Table 3: World cobalt producers by country and their reserves (2018-2019 cobalt production). 

Country  
Cobalt 

Reserves 
(X1,000T) 

Cobalt 
Reserves 

(%) 

Mine Production 
(T) 

2019 
Production 

(%) 

Change in 
Production 

(T) 

Change in 
Production 

(%) 2018 2019 
DRC  3,600 51.51 104000 100000 70 -4000 -4 
Russia  250 3.58 6100 6100 4 0 0 
Australia  1,200 17.17 4880 5100 4 220 5 
Philippines  260 3.72 4600 4600 3 0 0 
Canada  230 3.29 3520 3000 2 -520 -15 
Cuba  500 7.15 3500 3500 2 0 0 
Madagascar  120 1.72 3300 3300 2 0 0 
P. New Guinea  56 0.80 3280 3100 2 -180 -5 
South Africa  50 0.72 2300 2400 2 100 4 
Morocco  18 0.26 2100 2100 1 0 0 
N. Caledonia NA NA 2100 1600 1 -500 -24 
China  80 1.14 2000 2000 1 0 0 
United States  55 0.79 490 500 0 10 2 
Other countries  570 8.16 148000 5700 4 -142300   
Total_Global 6989 100.00 290170 143000 100 -147170 -51 

Total_Africa 3,788 54.21 111700 107800 75 -3900 0 
 

The DRC is expected to continue dominating the supply market beyond 2030. Figure 27 shows the 
proportions of production in 2019 and the production forecasts for 2030, with DRC leading on the 
supply side. 

Based on upcoming projects announced by companies operating in Russia, Australia, Canada, the 
Philippines and Indonesia, significant contribution is expected from other global players. Global 
production will reach over 200,000 metric tonnes by 2025. The DRC is expected to continue 
dominating the upstream side in the next ten years (Figure 27) with a market share expected to rise 
to 77% by 2025 (Figure 28).  
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FIGURE 30: Global cobalt refinery production by country, 2019

FIGURE 29: Nameplate mine capacity by company.
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FIGURE 31: Nameplate refinery capacity by company

Source: BloombergNEF.

Source: BNEF.

Source: BloombergNEF.

Refinery nameplate, 2019 and 2030
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Figure 31 illustrates major companies in the refinery of cobalt, most 
of which are Chinese companies. 

 
4.3. Cost Analysis

Given the phenomenal demand forecasts for LIB commodities, it is 
important to analyse the cost of production against price trends to 
assess the likely profitability from such investments. In addition to 
predicting commodity prices, cost curve analysis can also determine 
peer competitiveness by comparing costs against operating efficiencies. 

Lithium Cost Analysis
In general, pegmatite outperforms brine deposits. The cost of 
production from brines is more than double that of hard-rock 
production (Figure 32).

FIGURE 32: Cost comparison of hard rock producers versus brines.
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Figure 32: Cost comparison of hard rock producers versus brines.
However, the average value of hard rock products is $6,250/t 
LCE, whereas the average margin of brines is $5,386/t LCE, thus 
higher production costs for hard rocks can be offset. Hard rock 
producers offset the value deficit by contracting conversion facilities 
to capture the value realised in brine deposits, e.g., the Kwinana 
operation north of Greenbushes in Western Australia employs the 
conversion facility, but the extra cost of conversion is outweighed 
by value addition to product pricing resulting in increased margin for 
hard rock producers with integrated facilities than brine producers 
(Figure 33). 

The integrated hard rock producer, the ‘Greenbushes hydroxide’ 
enjoys the highest margin of any producer, even with the additional 
cost of the process conversion facility. On the other hand, hard rock 
producers without the conversion facility like the ‘Greenbushes 
concentrate’ has lower margins than most of the brine producers, 
a convincing demonstration of the importance of value addition to 
the supply chain. These are the avenues that are useful to explore 
when developing the value chain strategy for Africa.

FIGURE 33: Cost comparison of hard rock producers, integrated hard rock 
producers and brines.

Source: BloombergNEF.
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A cost curve analysis from Bloomberg shows C1 costs ranging from 
$1.5 to $6.5 per Kg of Li2CO3 production (Figure 34) for the various 
lithium projects in the world, C1 being direct costs, which include 
costs incurred in mining and processing (labor, power, reagents, 
materials) plus local General and Administrative (G&A), freight, and 
selling costs (Wood Mackenzie). Any by-product revenue is credited 
against costs at this stage. In other words, C1 costs are a standard 
metric used in metal mining as a reference point to denote the basic 
cash costs of running a mining operation to allow a comparison across 
the industry.

There are several factors giving rise to variations in operating 
costs, among them being type of mineralization, resource size and 
optimization, mining method (underground or open pit), and choice 
of processing technology, which should be taken into consideration 
when developing a lithium deposit. The Greenbushes deposits in 
Western Australia have the lowest cash cost as shown in figure 34.  

Cost variations between deposits is remarkably high and can account 
for the difference between profitability and making a loss. For example, 
the magnitude of the difference in production costs between the 
Talison Greenbushes, operating at a cost of $1.5/t of LCE produce, 
and the Chinese operations, at $6.5/t is US$%, is equivalent to a 
variation of 333% of the Talison Greenbushes cost. 
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Whilst costs as a variable do not show much volatility, price can be 
highly volatile. Prices have been buoyant for Li2CO3 in the past few 
years until 2019 as shown in Figure 35.

FIGURE 34: Mined Li C1 cost curve (2019)

Source: BNEF.

0                             100,000                           200,000                         300,000                         400,000 MtLCE/yr

8

7

6

5

4

3

2

1

0

FIGURE 35: Prices for LCE and cobalt against cost of LIB production.

Source: BMI
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The LCE price curve shows a steep rise in price since 2015, peaking in 
mid-2018 before it started falling to pre-2015 prices. The same trend is 
also observed on the cobalt price curve. The price remained buoyant 
up to 2018, despite the year-on-year fall in LIB cost of production 
from 2014 to to-date (figure 35). In comparison to the LCE cost of 
production, the worst point is when the LCE price was as low as $5/Kg 
(Figures 34 and 35). Price volatility is a major risk in the commodities 
industry and can negatively impact an operation as shown in figure 35. 
In 2019, most Chinese mines operated at a higher cost than the market 
price when it fell to as low as $5/Kg LCE. The exposure to price 
volatility is more pronounced with production sourced from marginal 
deposits but increased stability is brought about by effecting value 
addition. The Greenbushes hydroxide producers created a buffer for 
themselves against price volatility by investing in the additional cost of 
the conversion facility to produce the hydroxide.

Despite low prices in 2019 due to the subdued demand in China’s 
lithium market, and in 2020 partly due to the COVID-19 pandemic, 
prices are expected to pick up and continue to rise as the LIB industry 
responds to increased demand from the EV industry.

Cobalt Cost Analysis
The cost curve for cobalt is slightly different to the lithium one 
primarily because cobalt is mined as a by-product. Figures 36 and 
37 are cobalt cost curves by country and by commodity. Generally 
cobalt credits can make the difference between profit and loss. In high 
cost operations, whether by country or by underlying commodity, the 
higher the value of the cobalt the better it is for high cost operations.
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4.4. LIB Value Chain

To appreciate the importance of value addition in commodity 
profitability, a LIB supply chain of 2016 has been created as an 
illustrative example using real monetary value realized at that time. 
Figure 38 is the LIB supply chain from the mineral source to the sale 
of the battery in 2016. The value generated has been rebased to $/
KWh for ease of comparison.

FIGURE 36: Cost to recover cobalt by country.

Source: BloombergNEF.
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FIGURE 37: Cost to recover cobalt by primary commodity.

Source: BNEF.
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Figure 38 illustrates the five value addition phases in the production 
of a LIB pack. Each of those phases is a business unit in real life with 
its own commercialization structures. 

Phase 1:  The raw materials stage, which includes mining the various 
commodity minerals used in the producing the LIB, with a mineral 
concentrate as the commercial product. The average value realized 
at the mining and beneficiation stage by selling the concentrate into 
chemical or metallurgical industry is estimated to be $50, which is 
equivalent to 12% of the total value of the value chain ($416). 

Phase 2:  The processing stage where the mineral concentrate 
procured from stage 1 as raw material undergoes metallurgical 
processing to produce the products required for cell components, 
which are lithium carbonate or lithium hydroxide and cobalt 
compounds, realising $118, equivalent to 28% of the total value, or 
$84 with recycling, equivalent to 25% of the total value. 

FIGURE 38: LIB pack value chain in 2016.

LIB Pack Value Chain in 2016 ($US/kWh)

Assummed energy storage requirements 10kWh for PHEV LIB pack
Factory gate - shipping from Asia to the West Coast of the United States adds approximately $7/kWh(26)
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Phase 3: The production of electrodes for battery cell 
manufacturing using stage 3 products (Li & Co compounds), realising 
$28 in the process, equivalent to 7% of the total value.

Phase 4: The production of battery cells using products from 
stage 3, realising $146, equivalent to 35% of the total value, the 
cumulative value being $342, equivalent to 82% of the total value if 
the first three stages were operated consecutively. 

Phase 5: The assembly of the cells from phase 4 into a battery 
pack with a value realisation of $74, equivalent to 18% of the total 
value or 22% with recycling.

The total value of $416/KWh can be realized in country if all the 
value addition processes are localized leveraging the raw material 
supply base. This is the competitive business model that was 
adopted by China 30 years ago to accelerate its development, with 
major benefits to the country in terms of the vertical and lateral 
integration of the value chain. This has resulted in supply chain 
support, service industry development and significant job creation 
for its population, GDP growth, and huge revenue to the fiscus 
through taxes, as well as much coveted economic growth. 

Most African states are active in the first phase of the value chain 
but often appear to be stuck at that first stage (producing and 
selling ore or concentrate), realizing only 12% of the potential value 
of their commodities. As all the mineral concentrate is exported, 
African states are forfeiting 88% of potential revenue and potential 
employment, taxes, secondary industry growth and other benefits 
by exporting semi-processed goods. This is a key area African states 
should address if they are to have meaningful economic growth from 
their commodities industry. To mirror the Chinese model, African 
states must create regional synergies, enabling the development of 
the whole value chain and therefore maximizing benefit from their 
resources. The race is already on for establishing end-to-end value 
chains in the LIB industry. 

4.5. LIB: A Race of the Giants

According to Bloomberg, the race by Tesla, Samsung and other 
technology giants to secure supplies of lithium — the key ingredient in 
batteries for electric vehicles and smartphones — is creating a unique 
chance for two global mining superpowers to reap more value from 
their natural resources. Australia and Chile are looking to lithium to 
help them escape a cycle that for decades has had the two nations 
excavating minerals such as iron ore and copper, only to see them 
refined and turned into valuable products abroad. Almost three-
quarters of the world’s lithium raw materials come from mines in 
Australia or briny lakes in Chile, giving them leverage with customers 
scrambling to guarantee steady supplies. The mining nations hope to 
bring on stream refining and manufacturing plants that could help 
kickstart their domestic technology industries. The first moves in that 
plan are beginning to take shape, with the U.S. based lithium leader 
Albemarle Corp revealing a A$1bn plan to build the world’s biggest 
processing plant of its type. Meanwhile, in Mejillones, northern Chile, 
South Korea’s Samsung and Posco are planning to jointly develop a 
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facility to make chemical components used in batteries. Chile and 
Australia have the advantage of having both the lithium and state 
incentives, so companies transforming raw materials are benefitted 
to set up shop there. 

Like Africa, mining rock and exporting it is a familiar story for 
Australia and Chile. Australia, the world’s biggest producer of iron 
ore, has shipped billions of tonnes of the steelmaking raw material 
to mills in Japan and China since the 1960s. Chile, the world’s largest 
source of copper, exports over half of its shipments as semi-refined 
concentrate; and the government of Australia is ready to support 
the planned in-country value addition move.

The supply of lithium-ion batteries is expected to jump more 
than 10-fold by 2030 according to BloombergNEF forecasts, with 
electric vehicles accounting for more than 70% of that demand. This 
magnitude of demand is prompting end users to act, and Volkswagen 
and Volvo have both already struck long-term supply deals.

As raw materials are mined, refined, and processed (figure 20) each 
step up the ladder affords more opportunity for profit. By 2025, 
the market for mined lithium raw material is expected to be worth 
$20bn, compared with $43bn for refined products and $424bn 
for battery cells, according to a base case scenario outlined in a 
2018 study published by the Australia-based Association of Mining 
and Exploration Companies – analogous to the LIB value addition 
illustration in Figure 38. 

Two major lithium miners operating in Chile, Sociedad Quimica 
& Minera de Chile (SQM) and Albemarle were only allowed to 
expand production on the condition that they sell a quarter of their 
output at the lowest market price to companies that will develop 
the materials within the country. SQM, which already carries out 
some processing in Chile, is expanding its domestic capacity. The 

strategy has been described as “a golden key” to open the way to a 
higher-value lithium industry in Chile. In 2018, three separate groups 
— Chile’s Molibdenos y Metales , or Molymet, China’s Sichuan Fulin 
Industrial Group, and a consortium of Samsung and Posco — pledged 
to invest a total of about $754m to build lithium-cathode and lithium-
cell factories in Chile to win access to Albemarle’s material. A second 
auction offered similar access to SQM’s product. New refining and 
chemical production capacity will offer Chile additional revenue, 
while earnings from lithium exports are also forecast to rise. The 
commodity has the potential to become one of the country’s largest 
exports after copper, salmon, and wine. 

On the other side of the globe, Australia 
could generate more than A$50bn ($35bn) 
in annual revenue and support about 100,000 
jobs by developing a battery materials sector, 
according to a 2018 study for a regional 
development agency, compared to about 
A$1bn currently in annual lithium exports, and 
less than 10,000 jobs to go with it. Australia’s 
government pledged A$25m to support a five-
year research program to expand its battery 
supply chain. 

China’s Tianqi Lithium Corp. will later this year begin selling lithium 
hydroxide from a new processing facility in Kwinana, south of Perth. 
Tesla, battery maker LG Chem. and Mitsui & Co. have agreed to 
supply deals for output from a rival plant nearby that is being built by 
Chile’s SQM and an Australian partner. Efforts by Australia and Chile 
to wrest more control over refining from China are being helped by 
trade tensions. With this mantra on the critical diversity of supply, 
lithium producers will increasingly integrate mining and refining 
capacity. The Kwinana plant is expected to mainly supply customers 
in North America and Europe, or carmakers in those regions via 

The supply of lithium-
ion batteries is expected 
to jump more than 10-
fold by 2030 according 
to BloombergNEF 
forecasts, with electric 
vehicles accounting for 
more than 70% of that 
demand.
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their suppliers in South Korea and Japan. For these companies, their 
ambitions may not be satisfied with refining but they would rather 
capture the whole value chain, albeit with some challenges along the 
process.  

Western Australia has developed a “Lithium Valley” strategy to span 
the supply chain. Chile also hopes to manufacture battery cells. But 
there are major hurdles as neither country has a major car industry, 
and the auto sector typically prefers component suppliers to be 
close to manufacturing hubs. In addition, the technical challenges 
of producing battery components may require imported expertise,  
and environmental concerns are also serious factors, many of which 
implying increased costs. A dispute between Corfo and Albemarle 
has already delayed progress for Molymet, the Samsung and 
Posco consortium, and Sichuan Fulin in Chile, prompting concern 
the groups could opt to invest in battery projects elsewhere. In 
Australia, lithium producer Neometals has delayed its plan to build 
a refinery, citing higher than expected costs. There may only be a 
brief window for Chile or Australia to get a foothold in the battery 
industry as rival mining nations join the fray. 

Argentina and Bolivia have saline deposits near the border with Chile. 
Countries from Serbia to Mali to South Africa are keen to extract 
deposits in their territory, and Russia, which has been producing 
lithium products for more than 60 years for its nuclear industry, is 
also trying to attract higher-value investment by setting up one of 
the world’s largest lithium-ion battery plants in Novosibirsk with 
Chinese partner Thunder Sky Group. Persuading battery makers to 
set up operations in Australia or Chile will require state incentives 
according to industry analysts. As for automakers, lowering the cost 
of battery cells continues to be the most important focus area across 
all major companies, and automakers are themselves increasingly 
becoming involved with their cell manufacturing partners’ supply 
chains in recognition of this requirement. Government incentives 

are always a welcome move by industry stakeholders if they lower 
prices.

Africa should explore adoption of these kinds of developments 
seen in other parts of the globe. Companies are already developing 
lithium, cobalt and many other mineral commodities, which should be 
encouraged, but government should take direct and positive position 
to encourage the  development of the full value chain. This is because 
benefits are optimised at the downstream where the batteries and 
electric cars are produced. For example, this will involve improving 
linkages and promoting resource-driven industrialization to partake 
in the production of battery precursors (worth US$271 billion by 
2025), battery cells (worth US$387 billion by 2025), cell assembling 
(worth US$1.18 trillion by 2025)  and ultimately, electric vehicles 
(worth US$ 7 trillion by 2025). Africa needs to develop a continental 
strategy for green minerals to insist on the development of the full 
value chain on the continent. 

Lithium appears to be among key commodities to offer countries 
active in the upstream side of the value chain a chance to escape the 
so-called resources curse, where mineral booms suck in investment 
at the expense of manufacturing; otherwise there is a large risk that 
the growth of commodity producer countries will keep seeking the 
next hot commodity, whilst remaining stuck and unable to make the 
jump to developed-nation status. 
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05

This study has shown how Africa is endowed with the raw material 
for LIB production. There is significant potential for lithium, with 
the DRC alone having an estimated million tonnes of the lithium 
resource. Zimbabwe and possibly Namibia already have operating 
mines but today sell raw ore to Asia. Lithium occurrences are known 
to exist in many other sub-Saharan countries, among them Ghana, 
Tanzania, Botswana, Uganda and Mali, with exploration showing 
positive signs for a find of huge economic benefit. On the cobalt 
front, the DRC has the largest resource globally amounting to 55% 
of the known cobalt reserve in the world, and is already suppling 
70% of the world’s cobalt production, but the reigns of the value 
chain still lies in the hands of countries in other continents who 
process it very profitably as a supply base for their LIB industries.

5.1. Africa’s Potential for LIB Minerals

Africa is endowed with huge mineral resources. It is believed its 
resources constitute more than 30% of the global total. Figure 39 
shows the tectonic setting of the African shield with the cratons 

Africa’s Place in 
the Value Chain

and mobile belts which gave rise to the mineral endowment known 
today, and indicating the African pegmatite provinces that where the 
LIB minerals are to be found.
 
Figure 39 shows a map of African pegmatite and granite provinces 
(differentiated by symbols) and the current lithium exploration activity.  
The colors indicate age of deposits and the numbers represents 
geological provinces (source: Melcher et al., 2013):

1.1 - Man Shield, the African shield
1.2 - The Congo Craton 
1.3 - Zimbabwe Craton 
1.4 - Kaapvaal Craton
2.1 - Birimian Province
2.2 - Kibalian in north-eastern DRC 
3.1 - Kibara Belt in the DRC and parts of Uganda and Northern   
       Tanzania
3.2 - Kamativi Schist Belt of the Zambezi Mobile Belt

Figure 39:  African specialty minerals pegmatite deposits
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3.3 - Orange River Belt
4.1 - Eastern Desert
4.2 - Adola Belt
4.3 - Alto - Ligonha Province
4.4 - Damara Belt
4.5 - Older Granites (Nigeria)
4.6 - Madagascar
5.1 - Younger Granites (Nigeria) 

Whist cobalt is known to exist in the Congo, Zambia, Morocco and 
South Africa, its representation on the map (Figure 39) is absent 
because it is never explored on its own but rather as a by-product 
of nickel and copper.

5.2. LIB Metals

The geological provinces are potential regions for exploration of 
all the LIB minerals. The LIB raw material requirements include 
manganese, lithium, cobalt, graphite, rare earth elements (REE), 
nickel, aluminium, copper, lithium, and cobalt, all of which are mined 
in various parts of the African continent. The potential for raw 
material is huge and certain in Africa. Figure 40 shows the relative 
demand for LIB metals.

Bauxite is mined in West Africa where the Republic of Guinea has 
the largest bauxite reserve (Figure 41). Other bauxite producers 
include Ghana, Cameroon and Mozambique.

Graphite deposits are found in many parts of Africa including 
Zimbabwe, Mozambique, Botswana, Tanzania, Uganda, South 
Africa, and Madagascar, with Mozambique probably having up to 
40% of the world’s deposits. Several mines exist in Africa including 
Zimbabwe and Madagascar.

FIGURE 40: Metal demand from lithium-ion batteries (2018-2030) in Million MT. 
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FIGURE 41:  Largest bauxite reserves worldwide as of 2019

Others
USA

Malaysia
Saudi Arabia

Russia
India

China
Indonesia

Jamaica
Brazil

Vietnam
Australia

Guinea

0               1000             2000             3000            4000              5000             6000             7000             80000               1000             2000             3000            4000              5000             6000             7000             8000

Bauxite Reserves (Million) Tonnes

Source: Statista 2020

Bauxite Reserves (Million) Tonnes



Lithium-Cobalt Value Chain Analysis for Mineral Based Industrialization in Africa Lithium-Cobalt Value Chain Analysis for Mineral Based Industrialization in Africa100 101

Manganese Africa hosts over 80% of the world’s manganese deposits 
and contributes at least 40% of the world’s production.  South 
Africa is the largest producer although deposits are also found in 
Zimbabwe, Botswana, Ghana and Tanzania.

Nickel is abundant in most of the cratons of Africa (Figure 39). It is 
mined in Zimbabwe, Madagascar and South Africa.

Iron is one of the most abundant metal deposits in Africa. It is mined 
in South Africa, the Republic of Guinea, and Zimbabwe. Other iron 
ore deposits are in Uganda, the DRC, Congo Republic, Cameroon, 
Nigeria, Liberia, and Sierra Leonne.

Phosphate is abundant in the numerous alkali magmatic intrusions 
in Africa, with Morocco having the largest phosphate reserve in 
the world, accounting for more than 70% of the world’s known 
reserves (Figure 42). It is the second largest producer of phosphate 
globally.           
                                                           

FIGURE 42: World’s phosphate reserves
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5.3. Lithium

Numerous pegmatite provinces are distributed throughout the 
continent as shown in Figure 39, and all contain lithium-caesium-
tantalum (LCT) pegmatites. Some of the provinces were historically 
mined for coltan and tin, focussing on softer weathered lithium 
depleted material (e.g., the DRC, Uganda and Mozambique), which 
is an upside potential for most of those provinces. Fresh Li-bearing 
material remains in the ground, which presents an opportunity to find 
a fresh source. Records show that lithium was also mined at some 
point, in addition to coltan and tin in Uganda for export to Belgium 
during Leopold’s era. There are also tailings deposits, which still 
contain economic grades due to the inefficient processing methods 
in historic mining. The Kamative tin mine dumps in Zimbabwe from 
mining operations which ended in the early 1980’s because of the 
slump in tin prices, are known to contain economic lithium grades. 
In addition to the historical mining in the regions, minor historical 
lithium production (petalite and spodumene) mainly for the ceramic 
markets were produced in Namibia and South Africa.

Currently there is a major exploration and interest in Africa. 
Exploration for hard rock deposits is under way in many of the 
sub-Saharan African countries, with most of the projects in central 
southern Africa, West Africa, and East Africa (Figure 43). There is 
also potential for brine and clay deposits in the Kalahari and the 
Namib deserts. Li-brine potential has been explored in Botswana by 
a company called Li3, and in Namibia by GBEnergy at its Bitterwasser 
Project. Figure 42 shows the multiple lithium projects currently under 
exploration in Africa.
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Table 4  shows some of the selected deposits and exploration 
activity to date. Africa will emerge as a major producer of lithium 
in the world if the metal maintains its demand momentum. The 
usual concern is the absence of local companies participating in the 
development of this valuable resource.

FIGURE 43: Lithium projects in Africa

Note: that Africa
produces:~2.5% of the
global lithium supply
~80% of the global
Ta2O5

5-6% of the global tin
Don’t forget Bikita is
the 5th largest 
producer of lithium in 
the world

The Manono deposit in the DRC is the largest known deposit 
discovered to date. With a definite feasibility study (DFS) in place, 
delineating over 400 million metric tonnes at 1.65% Li2O, the project 
economics look very  promising. The developer, AVZ Minerals, is 
poised for a mega investment of more than half a billion U.S. dollars 
in CAPEX to realize a production capacity of 4.5 million metric 
tonnes a year, pre-tax NPV10 of $2,348 million and post-tax NPV10 
of $1,028 million, and an average annual EBITDA of $380 million over 
the life of the mine. The operation is expected to beneficiate the 
ore to spodumene concentrate before shipment to China for further 
processing and has a mine life in excess of 20 years, producing 700,000 
tonnes per annum of high grade SC6 lithium and 45,375 tonnes per 
annum of primary lithium sulphate. It will also have the potential 
to produce over 300,000 tonnes per annum of LCE contained in 

Table 4: Selected Deposits in Africa showing developer, mineral resource and 
status.

Source: Author’s compilation
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Figure 43: Lithium projects in Africa. (Source: CSA Global - modified after BGS). 
 

Table 4  shows some of the selected deposits and exploration activity to date. Africa will emerge as a major 
producer of lithium in the world if the metal maintains its demand momentum. The usual concern is the absence 
of local companies participating in the development of this valuable resource. 

Table 4: Selected Deposits in Africa showing developer, mineral resource and status. 

Country Deposit Developer/Company Reserves/Resources (t) 
and grade (% Li2O) 

Status: PFS/ 
DFS/Production 

Mali Goulamina Mali Lithium Ltd. 43Mt @ 1.48% Li2O PFS 
Ghana Egyasimanku Hill IronRidge Resources 1.48Mt @ 1.66% Li2O Exploration 
Ivory Coast Adzope IronRidge Resources NA Exploration 
Namibia Karibib Lepidico 11.24Mt @ 0.43% Li2O PFS 
 
 
Zimbabwe 

Bikita Bikita Minerals 10.8Mt @ 1.4% Li2O Production 
Kamative ZMDC (JV) 26.32Mt @ 0.58% Li2O Tailings (PFS) 
Arcadia Prospect Resource 37.4Mt @ 1.22% Li2O DFS 
Zulu Premier African Minerals 20.1Mt @ 0.5% Li2O Inferred 
Mbeta  Latitude Lithium NA Exploration 

South Africa Noumas Noumas Minerals NA Historical mining 
Nigeria Nasarawa NA NA Occurrences 
Botswana Brine type  Several NA Exploration 
Madagascar Millie’s Reward Bass Metals Ltd. NA Exploration 
 
Mozambique 

 
lto Ligonha 

Lithium Consolidated NA Exploration 
Premier African Minerals NA Exploration 

DRC Manono AVZ Minerals 400Mt @ 1.65% Li2O DFS 
Tanzania Mohanga Liontown Resources NA Exploration 
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concentrate, or broadly, enough supply to meet the global lithium 
demand in 2019 (Roskill). The discovery at Manono is so huge that 
it eclipses all the other known deposits in the world as shown in 
Figure 44.

FIGURE 44: Largest non-brine lithium mineral resources
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With the right support at country and regional level, the Manono 
project is the type of project capable of supporting an integrated 
end-to-end value addition facility and can justify the development of 
a battery manufacturing facility within its vicinity. As it stands, the 
DRC is poised to have 10 -15% of the potential value embedded in 
this deposit.

Bikita Minerals in Zimbabwe is the only large active lithium producer 
in Africa which is a fully established mining operation. According to 
USGS, Namibia produced 500 metric tonnes in 2018 and 2019. This 
production could largely be from exploration companies including 
Desert Lion Energy.  Small amounts of production are also known 
to be emerging from Nigeria from small scale mining. 

Zimbabwe has the opportunity to increase its share of the growing 
market with proven deposits located in Bikita, Goromonzi and 
Kamativi. The Bikita mine is one of the largest lithium mines in 
Zimbabwe, and it is located in the Masvingo province in Southern 
Zimbabwe. The Bikita mine has a reserve of 10.8 million tonnes with 
a lithium content of 1.4% or 150,000 tonnes.

The Arcadia Lithium Mine in Zimbabwe has received a mining warrant 
issued by the government of Zimbabwe. At present, the project 
has completed the pre-feasibility study, and it is expected to be in 
production post 2020. Arcadia Mining is expected to reach an annual 
production of 2.5 million tonnes of lithium ore after the mine ramps 
up, which, together with the other developments will put Zimbabwe 
on the global lithium radar as a major player on the upstream side of 
the value chain.

At present, Zimbabwe’s mining industry is dominated by platinum 
and diamonds, and lithium could become one of the country’s major 
mining industries in the short term. In 2015, Zimbabwe exported 
40.9 million metric tonnes of lithium ore products, earning $57million 
in foreign exchange. Zimbabwe is expected to become one of the 
world’s largest lithium exporters due to the growing demand for the 
metal. Wimmer Financial is negotiating $200 million in financing for a 
new lithium mine in Zimbabwe. The Zimbabwean government plans 
to open a lithium ore processing plant in Bulawayo to increase the 
added value of lithium mine products to boost the economy. The 
plan to open a processing plant is welcome news as it would increase 
Zimbabwe’s market share, create much-needed employment and 
deliver urgently needed foreign currency into the government coffers. 
The planning for the plant is however misplaced, as Bulawayo lies 
more than 200km from both Bikita and Kamative, the likely sources 
of the lithium ore. It is logistically impractical and environmentally 
unfeasible as there is no infrastructure for the transportation of the 
lithium ore. Planning important projects like mining should be holistic 
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and consider all the possible options to maximize benefits in a 
sustainable way. 

Namibia and Botswana have lithium deposits as well. In Namibia, 
Desert Lion has announced its plans to build Namibia’s first large-
scale lithium mine to be located approximately 210 km from the 
nation’s capital of Windhoek and 220 km from the Port of Walvis 
Bay. Since September 2019, Desert Lion Energy has ceased all 
operations in Namibia in light of the continued decline in lithium 
carbonate pricing. They could resume work on the project once 
economic terms are more favorable. The company released its 
preliminary economic assessment in November 2018. The initial 
direct capital cost to build a concentrator and lithium carbonate 
conversion plant would be $275 million with an annual production 
of about 20,000 metric tonnes of LCE. The project is expected 
to raise a lifetime revenue of $852 million. In Ghana, Iron Ridge 
Resources is currently undertaking exploration at its Cape Coast 
lithium project where they have recorded a historic spodumene 
deposit of 1.48Mt @ 1.66% Li₂O (non JORC compliant). 

West Africa appears to be the new frontier in hard rock lithium 
potential, with discoveries found in Ghana, Côte d’Ivoire, and Mali 
(Figure 45). This can only point to the extraordinary potential the 
Birimian orogeny or craton has for lithium mineralization. 

Exploration for lithium is on-going in Ghana and production will 
most likely start from the exploitation of deposits in the Central 
Region, which are held under an exploration and production license 
belonging to Iron Ridge Resources, an Australian company. The 
company has a concession covering 684 square kilometres, which 
it began drilling in 2017. To date, Iron Ridge Resources announced 
the identification of “multiple, significant outcroppings of lithium in 
Ghana” which it claims are very high grade. The Australian company, 
through a joint venture with Ghanaian companies Obotan Minerals 

and Merlink Resources now holds the rights to acquire historic 
Egyasimanku Hill, which surveys indicate has a potential deposit 
of 1.48 million tonnes. The company recently expanded its lithium 
interests in Ghana, including an agreement with Ghanaian company 
Joy Transporters that provides IronRidge with exclusive rights to an 
exploration license in the Central Region town of Saltpond and lithium 
project in Cape Coast. In addition to its Ghana operations, IronRidge 
Resources is also exploring for lithium in central Côte d’Ivoire with 
highly prospective results. 

FIGURE 45: West Africa’s frontier for lithium.

Meanwhile Mali has a known lithium deposit, the Goulamina resource, 
with a discovery in excess of 108 million tonnes  at 1.45 %Li2O 
mineral resource. Mali Lithium, the company developing the mineral 
resource, has already delineated a maiden ore reserve of 52 million 
tonnes at 1.5% Li2O at its pre-feasibility study, which can support a 
23-year operating life at 2.3 million tonnes a year (Mali Lithium). The 
study demonstrated excellent forecasted financials including pre-tax 
NPV8 of $1.2 billion. This pipeline of projects under development in 
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West Africa are likely to create employment and revenues in taxes 
for the respective countries. Ghana’s investment model should be 
commendable. Iron Ridge is developing its lithium resources in 
a joint venture with local mining companies. With such a model 
facilitating transfer of skills and know-how to local companies, 
Ghana will gradually develop competitive ‘home-grown’ mining 
investment owned by Ghanaians. Other countries could mimic 
Ghana’s facilitation for local partnerships with international players 
and develop policies that promote the synergies of joint ventures. 

5.4. Cobalt 

A similar trend is observed on the cobalt front, with a high level of 
exploration in central-southern Africa and east Africa for copper, 
which is expected to have some cobalt as a by-product. Africa has a 
huge copper resource, especially in central and southern Africa so 
that many believe the Zambian and Katanga Copperbelt resources 
are just the tip of the iceberg. Other than the DRC and Zambia, 
there are huge copper deposits with cobalt associations already 
found in Uganda, Mozambique, Angola, Botswana, and Namibia. 
Based on geophysical surveys carried out in central and southern 
Africa, the stratiform copper type of mineralization of the Pan-
African orogenic cycle in Zambia and the DRC, which holds the 
bulk of the cobalt resource of the world, is now known to transcend 
political boundaries into Angola and Botswana respectively. Boseto 
copper deposits are in the Northwest district of Botswana. The 
prospective of the region in Botswana and part of Namibia being 
suitable for deposits is very high, such that the region, stretching 
for 800Km taunted to contain copper equivalence of the Zambian 
Copperbelt, is now codenamed the ‘Kalahari Copperbelt’. This is a 
positive for the region south of the equator. 

Cobalt is mostly mined as a by-product of copper or nickel. The only 

primary producing cobalt mine in the world is in Morocco, Bou Azzer 
Mine. The first large-scale cobalt producing company in the DRC was 
started in 1906, Union Minière du Haut-Katanga by the Belgians. The 
DRC government took over the majority of the company’s assets in 
1967 after independence, to create the La Générale des Carrières 
et des Mines (Gécamines). Gecamines grew to become one of the 
largest producers of copper and cobalt globally in the 1980s, however 
mismanagement and the fall in commodity prices resulted in the 
company losing its dominance as well as its mining and refinery assets 
by 1997. 

The DRC has a strong presence in the cobalt mining industry at 
state level. The state owned Gecamines has stakes in several of the 
operations in the country ranging from 20 to 50% (Figure 46). The 
DRC is therefore actively pursuing indigenous participation on the 
upstream side. The mid and downstream side of the supply chain is 
yet to be implemented. 

There is also significant participation on the upstream side of the 
industry by artisanal miners, contributing up to 15% of DRC’s cobalt 
production (Figure 47). Integrating Gecamines’ and artisanal miners’ 
share of the cake would imply that about 50% of revenue from mining 
is kept in the country. Whilst this is encouraging, the 50% revenue 
from the upstream side of the industry could be equivalent to only 
6% of the total value realised if the whole value chain was established 
in DRC.
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FIGURE 46: Gecamines shareholding in some of the mine operations in DRC.

Figure 47: The DRC’s large scale and artisanal cobalt production, 2019-2025.
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5.5. Artisanal Mining (ASM)

The Democratic Republic of Congo is one of the world’s most mineral-
rich countries. The mining industry makes up a significant part of 
the country’s economy with over 90% of its revenue coming from 
the export of minerals including notably copper and cobalt. Many 
of the mines in Congo are artisanal mining operations; small-scale 
entrepreneurial operations that often exist in a legal and economic 
gray zone. Artisanal miners account for significant portions of the 
country’s cobalt production, so the industry has an interest in helping 
improve these mine sites to open new sources of cobalt they can buy 
without fearing a tainted supply chain. 

According to Bloomberg NEF, artisanal miners in the DRC account 
for about 15% of the country’s production. Cobalt from small -scale 
miners is mostly exported to refineries in China for processing into 
battery-grade cobalt sulphates and other chemicals. The DRC’s 
artisanal sector has been mired with repeated incidents of child 
labor and issues such as unsafe working practices. These have made 
it difficult for major battery and electric vehicle manufacturers to 
source cobalt from the DRC without controversy. Currently, there 
are court cases alleging use of child labor pending against major 
companies who have sourced cobalt from the DRC to produce 
batteries for their electronic devices. This has narrowed the choices 
for many customers of cobalt to require a proper formalization of 
the artisanal sector to improve standards of production, developing 
cobalt-free batteries or sourcing cobalt outside the DRC . 

5.5.1 Problems of Artisanal and Small Scale Mining

The conditions of artisanal mining in the Democratic Republic of Congo 
undoubtedly need improvement. These conditions include unsafe 
mining conditions for the workers, a lack of rights for those employed 
in many of Congo’s mines, as well as permanent environmental damage 
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as a result of dangerous mining methods. The largely unregulated 
nature of the artisanal and small-scale mining industry leads to 
the proliferation of issues like child labor and conflict. There is 
inefficiency in mining and processing techniques, low recovery of 
minerals and low level of production because of inadequate geo-
scientific knowledge, the spatial orientation of the mineral deposits, 
the low grade of ore deposits, poor mining methodology and the 
engineering properties of rocks.

Furthermore, a lack of appropriate safety equipment is an endemic 
issue in many mines. Air quality is a consistent issue and face masks 
are rarely available. Cobalt and other fine dusts pose numerous 
health issues. Heavy metal dust can lead to respiratory disease, 
and the fine particles of these toxic metals can easily be absorbed 
through the skin, causing numerous health problems. 

5.5.2 Formalization

Numerous attempts have been made to formalize the ASM sector 
in the DRC but evidence available suggests these have been largely 
unsuccessful. The nature of ASM operations makes it very difficult 
to know, even at any one site, the total number of people involved, 
the actual work done and the output per person or group. In 
addition, because the ASM sector is largely informal, there is little 
transparency or accountability in the way the ASM operations are 
conducted, unlike formal large-scale mining companies.

Despite the numerous challenges, artisanal mining, particularly 
for cobalt in the Democratic Republic of Congo can be improved. 
Small-scale mines can help pull people out of poverty when they 
function properly and are regulated efficiently.

One of the ways forward is to formally integrate artisanal miners into 
industrial supply chains, so that companies have greater control over 

their working practices. Most mining companies have not looked at 
this option favorably, given the potential costs of monitoring artisanal 
miners. But companies should weigh these costs against the risks 
currently presented, which include physical damage to their mines, or 
a scandal involving forced labor or military violence against civilians. 
Giving approximately two million Congolese artisanal miners better 
opportunities to work safely and legally would serve the nation well 
and help keep the peace around mining sites. The DRC Government 
has already taken a step in that direction. Under Congo’s 2018 mining 
code, industrial companies can subcontract work to artisanal co-
operatives, who can exploit deposits the companies cannot profitably 
mine using industrial methods. Artisanal miners would benefit in turn 
from being able to mine legally, and can command higher prices than 
they would by selling to Congolese intermediaries. 

At an international conference on artisanal 
and small-scale mining and quarrying in 
Zambia in 2018, a resolution was made for 
the recognition and regulation of artisanal 
and small-scale miners. The declaration called 
for a revised legal and regulatory framework 
to formalize the artisanal mining industry 
to include an improvement in the status of 
women in mines and for action on child labor. 
It is clear these reforms need to also consider 
the economic, societal, and regulatory realities. Increased supply 
chain integration would help highlight the opportunities to eliminate 
money laundering and the exploitation of workers through conflict 
resources. Resource scarcity and ever-increasing prices for minerals 
also help drive reforms. In late 2018, the German automaker BMW 
partnered with the Swedish chemical company BASF, as well as Korean 
electronics firm Samsung and GIZ, a German aid and development 
organization, to push for mine reforms at a cobalt mine in Congo in 
order to pilot changed is working conditions, improve efficiencies and 

Despite the numerous 
challenges, artisanal 
mining, particularly 
for cobalt in the 
Democratic Republic 
of Congo can be 
improved. 
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consolidate BMW’s cobalt supply chain. If the programme succeeds, 
it will expand to other mines and other materials.

5.6. Prospects of a Regional Approach to the    
      Development of Li-Co Value Chain

5.6.1. Imperatives

From the evidence and trends this report presents, it is time for 
Africa to begin to work towards true  value addition which will 
lead to building its own large-scale factories and carve a niche in 
global lithium-ion battery production. The opportunity is open 
to make a quantum leap from being a raw material producer to a 
significant player in battery production. In June 2019, Europe’s leading 
battery start-up, Northvolt raised $1bn for a giga battery factory 
in Sweden. The project is part of a larger attempt by Europe to 
develop an industrial policy around battery production, which could 
add €250bn ($280bn) to the EU economy by 2025. But Europe is 
not the only player in the space; American and Asian automakers 
like Tesla and Toyota are building battery giga factories in a bid 
to dominate the electric vehicle battery market. This research 
showed how Australia and Chile are making determined efforts to 
realize the full value of their lithium resource by moving away from 
mining alone to controlling the whole value chain, and how their 
governments are actively supporting the move by injecting funds 
into research and logistical support on establishing the LIB value 
chain. These concerted efforts must indicate a broader strategy 
based on the mid-term benefits of LIB. Africa should take a leap 
and start adding value within the continent to maximize benefits 
from the value chain, and member states should provide support to 
aspiring investors in the sector.

In the western world, the LIB supply chain is a complex structure 

of upstream and downstream players in industry. These supply 
chain structures are, in a way, offtake agreements which are binding 
between the involved parties. Figure 48 is typical example of such LIB 
supply chain agreements. 
The miners (Vale and Glencore in this case) enter into agreements 

Figure 48: BMW Supply Chain structure
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to supply refiners and/or manufacturers of cathode material which is 
then passed on to battery manufacturers like LG Chem and Samsung 
, which in turn will have entered into an agreement with BMW for the 
supply of batteries for BMW’s EV.

To develop its LIB supply chain, Africa should start looking at 
developing policies that promote establishment of similar models. The 
model can be more effective if Africa establishes regional hubs. Based 
on the resource development map in Figure 43, three regional hubs 
can be easily crafted into the equation to have a West African Hub, 
Southern African Hub and East African Hub. Each of those supply 
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chain hubs could then adopt the supply chain structures like the 
BMW illustration (Figure 48). On the upstream side, international 
mining companies will form joint venture mining operations with 
local regional entrepreneurs to produce Li-Co that is used to 
feed into a purpose-built vehicle that processes the mineral ore 
and produce the cathode. The miners will therefore connect with 
a processing facility strategically located within the region. The 
manufactured cathodes can be supplied into a battery manufacturing 
company ideally located within the region. Battery consumers (EV 
manufacturers like BMW or electronics companies like Apple) can 
have a subsidiary assembly plant for the regional market, with the 
bulk of the batteries being shipped to BMW’s other assembly plants 
around the world.

5.6.2 Opportunities

As a  key producer of battery minerals, deposits in Africa, which 
are mostly at the exploration stage except for the Bikita minerals 
in Zimbabwe, can be profitably exploited for the economic benefit 
of Africa.  Africa is a lynchpin in battery supply chains but African 
countries have fallen into a trap of exporting raw minerals and have 
missed opportunities for value-added manufacturing. Africa needs 
to follow the models of the US and Europe in adopting a forward-
thinking policy on battery value-addition. By tapping into the 
potential of this multibillion-dollar industry, African countries must 
not miss the chance to prioritise battery production to generate 
additional revenue streams for their economies.

The battery market is booming: The global transition 
towards cleaner fuels has spurred the demand for electric vehicles 
and investment in battery-powered storage systems. In 2018, 
global electric vehicle sales increased by 64% compared to the 
previous year, causing battery manufacturers to expand battery 
operations. Largely driven by plummeting battery prices and the 

rapid adoption of electric vehicles, this boom is forecast to attract 
$620bn in investment by 2040. Lithium-ion batteries have become 
the dominant storage technology due to their high energy density 
and are increasingly used in the power and transport industries. The 
paradigm shift towards green power for utilities and automakers has 
contributed to mass battery production and adoption, pushing down 
battery prices. Lithium, dubbed as the world’s hottest commodity, 
is a crucial lithium-ore battery component. The high demand for 
lithium-ore batteries and the surge in popularity of electric vehicles 
ensures that lithium will remain an indispensable mineral resource to 
the energy and auto industries.

Beyond lithium, other battery metals include cobalt, manganese, 
and graphite. As enumerated earlier, Cobalt is predominantly 
mined in the Democratic Republic of Congo (DRC), which in 2018 
produced 70% of the world’s total cobalt supply. Graphite exports 
to China from Africa rose by an impressive 170% in early 2019 due 
to heightened Chinese demand for the raw material. Tanzania is 
poised to become a significant graphite producer, with Tanzanian-
based Mahenge Resources receiving two major licences in February 
2019 to proceed with mining projects. While this mineral abundance 
emphasises Africa’s vital role in the battery market, a significant 
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lack of investment in battery production across Africa persists. 
This contrasts with the sweeping global investment into battery 
giga factories. China, for instance, remains the dominant player in 
all stages of the global battery supply chain, with over 90 battery 
manufacturers and several giga factories.

The concentration of supply 
in China poses supply-chain 
constraints due to the potential 
for changes in government policy 
or future geopolitical instability, 
such as the ongoing US-China 
trade spat. Such disruptions can 
create supply gaps in the battery 
market, which could in turn lead 
to volatile commodity prices or 
price uncertainty. Africa thus 
needs to recognise and tackle this 

problem by injecting more capital into its own mineral production 
and refining capacity.

With the promise of the ratified African Continental Free Trade 
Area (AfCFTA), African countries can take advantage of potential 
disruptions in global battery flows due to the US-China trade war 
and start building its own regional supply chains. Assembling a 
lithium-ion battery pack involves a complex supply chain which is 
further complicated by China’s dominance in battery production 
and consumption. China produces 74% of the world’s lithium-ion 
batteries and continues to expand battery plant operations despite 
its heavy reliance on raw battery metals from Africa. Even American 
manufacturers are forced to import from China. But this is changing. 
Tariff imposition on Chinese exports to the United States are 
causing American companies to diversify battery production away 
from China. African governments can capitalise on this trend by 

A robust regional 
supply chain could 
be developed. The 
DRC and Zimbabwe 
provide the essential 
battery minerals while 
South Africa uses 
those materials to 
manufacture batteries.

investing in battery production. The AfCFTA allows African countries 
to build regional supply chains catering to global demand at reduced 
costs.

A robust regional supply chain could be developed. The DRC and 
Zimbabwe provide the essential battery minerals while South Africa 
uses those materials to manufacture batteries. South Africa is the 
world’s largest producer of manganese, a key battery metal, and 
holds competitive advantage in producing lithium-ion batteries in 
large quantities. Investments in supply-chain infrastructure have the 
potential to transform Africa into a global battery-production hub. 
The global transition towards green energy and rapid decarbonisation 
holds significant opportunities for Africa, if seized correctly. As 
battery demand soars and European and American firms build battery 
giga factories, Africa must step up and include battery production 
as a continent-wide development priority. A strong regional battery 
supply chain, powered by the AfCFTA, will bolster Africa’s relevance 
in the international battery market.

5.6.3. Country and Regional Strategies

Megamillion Energy Company (Coega, South Africa) 
There are several options African states could adopt to develop 
their LIB value chains. Some countries might decide to try a ‘do it 
alone’ strategy, especially countries with financial muscle and a sound 
investment climate like South Africa. This is already happening in 
South Africa as one company intends to be Africa’s first large-scale 
producer of lithium-ion batteries, with a mandate to make batteries 
“in Africa, for Africa’s benefit first”. 

The Megamillion Energy Company is investing in LIB manufacturing 
in the Coega Special Economic Zone (SEZ) in Port Elizabeth. The 
company is currently working on developing a pilot plant of 0.2GWh 
capacity starting first half of 2022 with output capacity of 0.5 GWh 
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and scalable until 2028 when the plant reaches capacity at 32 GWh, 
with the potential to create 3,500 jobs. This is welcome news for 
a country exporting manganese ore and realizing only 10% of the 
full value of the commodity. This is an opportunity for the South 
African government to ensure the project becomes successful. 
Regional negotiations can be initiated with other SADC states for 
cooperation in sourcing the raw material. Funding for the $35-million 
pilot plant will flow from a mix of local and global private equity 
investors. A total of $2 billion has been estimated for the  large 
scale project of 32GWh.

With the right strategy and support at regional (SADC) level, several 
countries can collaborate on a common strategy to develop the 
value chain, and such a strategy would be likely to gain the support 
of development finance institutions like the AfDB. Processing and 
manufacture can be closer to the mines. Given the size of the 
mineral resource for LIBs in the region, the market would extend 
to the global mega LIB industries mushrooming in the developed 
world. This would then invite synergies with players developing the 
LIB giga factories to ensure good linkages over quality and quantity 
of production and pricing.

Another potential investment zone is East Africa where Uganda 
is on the verge of commissioning an EV plant, starting with hybrid 
vehicles. The pilot project was completed and factory construction 
is almost complete, but the LIB will have to be imported even 
though Uganda is already endowed with LIB minerals in its backyard 
- copper, cobalt, and niobium at Kilembe Mine, REE minerals around 
the country and graphite to the north east. If local sourcing were 
substituted, manganese could be imported from Tanzania and 
bauxite from Mozambique and the LIB recipe could be complete.

5.6.4. Copy and Paste Partnership

Working with established battery technology pioneers from China, 
the ‘copy and paste’ plan may be to ramp up to an annual production 
output of 32 GWh of cells by 2028, with the primary focus on cells 
for the energy storage market and thereafter for the electric vehicle 
market. This approach is proposed by Megamillion, which is not 
reinventing the wheel, but “cutting and pasting” existing technology 
and processes from respected Chinese lithium-ion battery specialists 
for rapid use in Africa. This pilot processing has taken place and 
sample batteries produced have been tested at the Nelson Mandela 
Metropolitan University in South Africa. The cell produced was found 
to be very advanced, with a high energy density and the proposed 
partner has several patents for its safety features.

5.6.5. An African Solution

With a high prevalence of load-shedding in the 
Southern African Development Community, 
affordable energy storage is a critical factor 
for energy security. While renewable energy 
sources are playing an important role in 
supplementing the energy generated from 
traditional fossil-fuel energy sources, energy 
from wind and solar can be intermittent and 
is not completely reliable. Lithium-ion batteries store energy for use 
when the wind is not blowing and the sun not shining. With Eskom’s 
new 1.4 GWh energy storage project, locally produced batteries may 
provide a good opportunity for a true local solution to an urgent need. 
However, the lack of affordable batteries has prohibited the mass-
penetration of much-needed energy storage solutions throughout 
Africa.

The main goal is to provide energy storage that is affordable, sustainable, 

Another potential 
investment zone is East 
Africa where Uganda 
is on the verge of 
commissioning an EV 
plant, starting with 
hybrid vehicles. 
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and accessible. If this can be achieved, the socio-economic landscape 
of Africa can be changed quite dramatically. More than 3000 new 
upstream and downstream jobs can be created in the lithium-ion 
battery value chain.

5.6.6 Transition to a Low Carbon Future

If the world and  Africa in particular, has any chance of effectively 
addressing climate change and other human social needs, an essential 
enabler will be the rapid development and deployment of lithium 
batteries to store electricity generated by renewable sources as well 
as to power electric vehicles. The growth in demand trajectory for 
lithium cannot be understated. Looking at the current projections, 
the world will need between 600,000 to 1 million tonnes of lithium 
carbonate annually by 2025, depending on the development of 
e-mobility technology. A recent United States Geological Survey 
(USGS) report supports this. ‘Lithium has been listed as one of the 
critical or near-critical elements in various studies based largely on 
its importance in green technologies’. According the USGS, ‘Battery 
manufacturing has the largest growth potential of any sector of the 
lithium industry’.

Meanwhile, as the world shifts to renewables, more sectors are 
to be electrified, and demand for lithium is expected to double by 
2025.’ Bloomberg New Energy Finance reported that while in 2018 
two million electric vehicles (EVs) were purchased so far, the world 
expects annual passenger EV sales to rise to 10 million in 2025, 28 
million in 2030 and 56 million by 2040. A key reason that EVs will 
be sold in ever-greater numbers relates to a reduction in battery 
prices. Price parity between EVs and internal combustion vehicles 
(ICE) is expected by the mid-2020s, according to Bloomberg. 

The importance of lithium batteries for EVs, and the resulting 

decrease in carbon emissions, can be illustrated in the context of 
automobiles. Today, an average petrol-powered car, which has 
travelled 150,000 miles, will emit more than 63,000 kilograms of 
carbon dioxide. In comparison, in the best case scenario, where 
the battery is recharged from renewable hydroelectric, wind, tidal, 
or solar power, the carbon dioxide output (beyond infrastructure 
costs) is ‘negligible’. The political push towards EVs is demonstrated 
in California, which estimates that four out of ten new vehicles ‘must 
be zero-emission vehicles by 2030 (up from five percent in 2017)’ if 
the state is to achieve its 2030 emissions target.

In response to the enormous interest in batteries, the World 
Economic Forum (WEF) has established the Global Battery Alliance 
(GBA). ‘Mobile technology and a low-carbon future are unthinkable 
without batteries, a core technological enabler of the Fourth Industrial 
Revolution,’ the WEF has said, adding, ‘As a global collaboration 
platform, [the alliance] will catalyse and accelerate actions towards 
a socially responsible, environmentally sustainable and innovative 
battery value chain to power the Fourth Industrial Revolution’. 
One of the GBA’s first accomplishments was the September 2019 
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publication of a Vision for a Sustainable Battery Value Chain in 2030: 
Unlocking the Full Potential to Power Sustainable Development and 
Climate Change Mitigation. According to the report, with the right 
conditions in place, batteries are a systemic enabler of a major shift 
to bring transportation and power to greenhouse gas neutrality by 
coupling both sectors for the first time in history and transforming 
renewable energy from an alternative source to a reliable base. 
Bearing all of this in mind, among the lithium mining and extraction 
issues that are certain to be on the near-term horizon:

i. As global lithium consumption rises during the next few 
decades, environmental issues related to the production, 
routine use, and disposal of lithium products will warrant 
additional research.

ii. Latin American communities in the ‘lithium triangle’: living 
near salt flats [where brine deposits are found] worry about 
the impacts on water, as the evaporation process [used 
in production] is removing water from the world’s driest 
ecosystem. Little scientific information about this is available, 
and that which does exist has been produced by the companies 
that operate there, thus raising questions of trust and credibility.

iii. Lithium and cobalt in Africa need to be managed in such a 
manner that it does not become the ‘new oil’ or ‘white gold’ 
and avoid it being the source of a new resource curse?

iv. African states in the lithium and cobalt ‘triangle’ of the DRC, 
Zambia, and Zimbabwe need to adopt policies in which the 
state plays an active role in the economy by investing in science, 
technology, and new industries and instead of exporting lithium 
as a raw material should produce goods with “value added”. 

v. The ‘tension’ should be managed between the global public 
good in the move to a low carbon society, while ensuring 
respect for local environmental justice for the indigenous 
communities on whose lands lithium and cobalt is located.

There also must be sincere efforts to coordinate and formalize 
the ASM sector.  This would involve registering, licencing and 
supporting the administration of organized mining cooperatives and 
organized mineral buying centres. This will greatly reduce current 
exploitation of the informal miners by buying companies and prevent 
the loss of revenue to the local and national authorities. The needs 
to provide extension services and capacity building to performing 
mining cooperatives is understood, as well as assistance on issues 
like exploration, exploitation, mineral processing, entrepreneurial 
training, environmental management, and health and safety. Licensed 
miners should have their mining areas demarcated which will help 
to monitor and coordinate their 
activities effectively. The provision of 
micro-credit provision for small-scale 
operators to purchase equipment 
will enhance their productivity and 
safety. The semi-mechanised nature 
of operations will greatly reduce 
despicable child labor practices and 
provide access to better education for 
children .

A concerted effort in implementing the above measures will greatly 
increase the confidence in the supply side of the Li-Co value chain, 
where ASM activities contribute significantly to this side of the value 
chain. This will also help local communities in multiple ways to benefit 
from this endowment.
 

This would involve 
registering, licencing 
and supporting the 
administration of 
organized mining 
cooperatives and 
organized mineral 
buying centres. 
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06
Constraints 
Associated with 
Lithium and 
Cobalt Value Chain 
Development

There are no business ventures without risks during their 
development, even though the scale may differ. Thus it is important 
to understand a detailed analysis to identify possible risk factors 
and undertake risk mitigation. By so doing the chances of failure 
are minimised. 

6.1. Risks

6.1.1. General and Industry-Specific Risks

Price Uncertainties
Currently, there are no serious supply constraints, but price 
fluctuations are a major risk to this commodities industry. Lithium 
supply is currently concentrated in few markets: there are about ten 
producing countries of which three – Chile, Australia, and China – 
accounted for 85% of global production (equivalent to 216 kt of 

LCE) in 2019. Only four companies – Talison, SQM, Albemarle, and 
FMC – control most of the mine output, although other companies 
contribute , so supply  is well below the global industry capacity of 
approximately 450 kt LCE. As an illustration, the world’s largest miner, 
Talison, is operating at barely 60% of its nameplate capacity, which if 
fully utilized would alone result in sufficient production to meet the 
global lithium demand of 2020.  This leads to the question why prices 
jumped to an average price of $19,500/t in mid-2018 and $10,000/
tonnein mid-2019, while cobalt reached a peak of over $20,000 in 
2018 reducing to just over $5600 by mid-2019 (Figure 39) without a 
supply chain. It also poses a pertinent question about how prices will 
evolve in future. The answer to this question lies in understanding the 
development of the processing capacity – the majority of which is in 
China and Asian countries – as well as future production economics, 
that is, the industry cost curve.

The concentration of the main supply of cobalt in the DRC and the 
demand and processing chain in China, the  EU and the USA poses 
some risks due to the potential for changes in government policy or 
future geopolitical instability, such as the conflict, US-China trade 
disputes and the COVID-19 pandemic. Such disruptions can create 
supply and demand gaps in the battery market, which could in turn 
lead to volatile commodity prices or price uncertainty. Africa needs 
to recognise and tackle this problem by injecting more capital into 
its mineral exploration to bring most mines rapidly to development, 
production, and refining capacity.

Market Conditions
One of the general industry risks involves market conditions, 
particularly those affecting resource companies, which may affect 
the value of a project, regardless of its operating performance. The 
operation could be affected by unforeseen events outside its control, 
including natural disasters, political unrest and government legislation 
or policy change. General economic conditions affect commodity 
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prices, exchange rates, interest rates and inflation rates and 
movements in these rates could have an impact on the company’s 
profit margins and on the cost of raising and maintaining debt 
finance. The financial markets’ perceptions of resource companies 
could alter and affect a company’s ability to raise funds. These are 
common risks to any mining operation – they can also affect the 
lithium cobalt value chain if they are not properly addressed prior 
to project implementation.

Skills Development
There is dearth of critical skills both in the 
upstream and downstream side of the lithium 
cobalt value chain, but it is more marked in 
the downstream, semi and processing ends 
of the chain. The availability and mining of 
the resource in Africa, especially in the DRC 
for cobalt and to an extent Zimbabwe for 
lithium, might not be a major risk, but the lack 
of commensurate capacity in the processing 

chain of the industry can pose a big challenge for many operations. 
It is imperative that an adequate and focussed skills development 
initiative should be planned and implemented ahead of supply chain 
development. This might include synergies with countries and or 
companies with experience in lithium cobalt processing, either in 
countries like China, Chile, and Australia or from such companies 
as TESLA, BMW, and tertiary institutions with the expertise in the 
field like materials, chemical or metallurgical engineering.  In Africa, 
South Africa has an edge in terms of skill availability in the supply 
and processing chain sub-sector, and  continental and regional 
cooperation is imperative.

Transport Logistics
In many of the countries where these resources are available, lack 
of suitable infrastructure and transport systems can have a serious 

impact on the development of the lithium cobalt value chain. This 
is especially an impediment to conveying mined products to supply 
and market points. This infrastructure deficit is a serious challenge 
and increases the investment risks, requiring the transport systems 
in many parts of Africa to be revamped. The rail and road transport 
system needs to be redesigned in such a way that mining centres 
are factored into the infrastructure plans which can be done more 
efficiently if it is planned at a regional scale.

Country Conflict, Political and Transparency Risks
Insurgency and wars create serious security risks which is also 
a major risk factor especially as it relates to the supply side of the 
lithium cobalt value chain. Many of these resource-rich countries in 
Africa, are currently affected by internal conflicts. This coupled with 
inadequate transparency in mineral concessioning poses a risk. 

6.1.2. Project Specific Risks

These are risks associated with the development of a business unit 
like mining and beneficiation. 

Resource and Reserve Estimates
The mineral resource and reserve estimates are expressions of 
judgement based on knowledge, experience, and industry practice. 
These estimates may be materially affected by geology, mining, 
metallurgy, infrastructure and other relevant factors. It can never be 
guaranteed that the ore reserves can  be brought into production 
profitably especially as lithium and cobalt prices vary over the lifetime 
of a project. It is important to monitor price fluctuations as they 
affect the basket price and therefore value of a lithium and cobalt 
resource. This will enable countries and industry players to revise 
their feasibility studies based on the changing parameters.

Insurgency and wars 
create serious security 
risks which is also 
a major risk factor 
especially as it relates 
to the supply side of 
the lithium cobalt 
value chain
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Public Perception of Supply Source of Cobalt Mineral
The current limited supply source for lithium and cobalt globally 
and their unique characteristics imply that the industry may be 
subject to increased public scrutiny about risks that could have an 
adverse impact on the supply and demand. These risks have made 
it difficult for major battery and electric vehicle manufacturers to 
source cobalt specifically from the DRC without controversy and 
legal action. 

Inadequate Access to Reliable and 
Affordable Energy 
Despite Africa’s significant energy 
generation resources, the continent 
is still struggling with the energy 
requirements for industrialization. A 
critical example is the DRC where 
there is an inadequate cost-efficient 
supply of power despite its enormous 
resources. The DRC has huge 
hydropower potential, estimated at 

over 100,000 megawatts (MW), of which about 44% (44,000 MW) 
is concentrated Inga. However, only a fraction of the total potential, 
estimated at 2,540 MW, has been developed, consisting of hydro-
based stations and thermal power plants  . This represents only 
2.2% of the country’s hydropower capacity, with most thermal 
power stations currently not functioning due to lack of spare parts 
and recurrent shortages of crude oil. 

Furthermore, concerns about radioactive by-products could affect 
perceptions about the project development, especially for lithium 
minerals from hard rock sources as opposed to the brine sources. 
There have been questions about the possible radioactive levels 
of pegmatite-hosted lithium ores from the Bikita mines currently 
under development in Zimbabwe. 

6.1.3. Entry Barriers to Exploration and Mining of Lithium  
 and Cobalt 

In addition to the risks above, there are barriers increasing the 
difficulty for African entrepreneurs to enter the business of mining 
in general, let alone lithium and cobalt mining where the finished 
products chain  is currently virtually  monopolised by China with a 
supply of over 74% of the world’s batteries . The following are key 
entry barriers to the industry sector:

The Lithium - Cobalt Market in Africa
The fact that all high-tech consumer goods using lithium and cobalt as 
main raw materials, are manufactured outside Africa makes it difficult 
to develop the industry in Africa by African entrepreneurs. In 2019, 
72% of the refinery production took place in China with the rest 
shared by Finland (9% ), Japan(4%) and Canada (3%) with the rest 
of the world  representing 12%.The market lies with China and the 
Western world, even though over 70% of world’s cobalt reserve is in 
Africa  and over 65% supplied  by Africa. 

China and Asia’s near monopoly of the downstream side of the Li-Co 
value chain remains so strong that many companies find it difficult 
to break through. According to data tracked by Bloomberg NEF 
there is currently no large scale battery manufacturing plant under 
development or commissioned in Africa. Refined lithium chemicals 
are mostly from China and market demand will also largely impact on 
pricing of raw Li-Co minerals along the value chain. In Africa, China 
is already actively acquiring concessions for Li-Co exploration and 
mining, especially in the DRC. 

Scarcity of Funds and Lack of Funding Structures
Traditionally Africa has been dogged by lack of downstream value 
chain investment because of lack of funds for such major projects. 

The fact that all high-
tech consumer goods 
using lithium and cobalt 
as main raw materials, 
are manufactured outside 
Africa makes it difficult 
to develop the industry 
in Africa by African 
entrepreneurs. 



Lithium-Cobalt Value Chain Analysis for Mineral Based Industrialization in Africa Lithium-Cobalt Value Chain Analysis for Mineral Based Industrialization in Africa132 133

Value addition requires huge investments, which in the current 
economic environment is a mountain to climb for many African 
states. Only South Africa, and perhaps some of the North African 
countries, have economies that can support the investment in value 
addition but the amount required is still eclipsed compared with 
countries like China.

If Africa wants to actively pursue industrialization and economic 
development, the answer lies in value addition. Governments 
should establish measures that support entrepreneurship, especially 
in value addition, while at the same time promoting regional 
cooperation, to create the environment for fundraising. Mining and 
mineral processing are capital intensive ventures which require a 
sound financial base. If viability is almost guaranteed, banks are able 
to finance the project at an agreed loan to value ratio, which can 
effectively unlock the value in the commodity from mining through 
processing to production of the final product. 

Cobalt’s use in batteries accounts for 42% of global consumption. 
Its use in batteries has grown at a rate of 7.6% annually over the 
last five years. Analysts predict that by 2030, cobalt’s use in battery 
applications alone will be greater than the entire world market 
for refined cobalt at the start of the decade. Tesla’s Gigafactory 1 
battery plant is already creating huge demand for the metal and LG 
Chem and Foxconn Technology are building battery mega-factories 
of their own. In addition to mobile devices and the fast-growing 
electric vehicle (EV) market, there’s also substantial demand for 
cobalt in superalloys. Superalloys are used in high-growth markets 
that include the production of jet engines and wind turbines. 
Demand also comes from many diverse industrial and military 
applications, ranging from computers and communications satellites 
to geothermal power plants. The positive market outlook demands 
that creative and well-structured investment funding is an urgent 
imperative for Africa to compete in the Li-Co value chain. 

Africa lacks this systematic 
lending structure developed 
by the Western world. It is up 
to the African states to create 
robust funding structures if 
a sustainable home-grown 
business is to be developed. 
Without this intervention, 
Africa may not be able to fully 
compete as a player in the 
industry, and will continue to see China and the Western world 
investing in the upstream side of the value chain only, in a familiar 
pattern, exporting concentrate for further processing and value 
addition elsewhere, and depriving Africans of the potential earnings 
from a full value chain investment.
China uses sovereign funds to expand its business interests beyond 
its borders. The Western world can boast of well-defined funding 
structures in any business sector, enabling its entrepreneurs to venture 
into other territories. The following is a typical funding structure for 
mining projects by Western businesses:

Mineral Exploration, Mine Development and Mining –
Due to the high risks involved, funds for exploration are mainly raised 
through private equity and public listing on stock markets. Private 
equity includes investment from wealthy individuals, hedge funds, 
pension funds, insurance companies, charities and pressure groups 
whereas public listing involves selling shares on stock markets like the 
London Stock Exchange. These funders are the organizations with 
high risk appetite, unlike investment banks which often prefer lower 
risks, when they can review the risks following feasibility studies and 
the clarity over legal contract. Once an information memorandum 
(IM) is prepared, banks can finance the development of the mine using 
various funding options, provided the content of the IM meets the 

Cobalt’s use in 
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7.6% annually over 
the last five years. 
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requirements of the financial institution. To achieve these funding 
methods, there is a series of procedural investigations to ascertain 
profitability, which calls for highly skilled personnel to ascertain the 
information.

Business Acumen 
With experience comes learning, speed and confidence to replicate. 
The existing players have this advantage over the new entrants and 
the fact that African entrepreneurs have little experience  presents 
a high risk to potential financiers of the project. For that reason, 
African-owned businesses may encounter difficulties in raising capital, 
from whatever source. Several mining projects owned by citizens of 
the AU have failed to succeed either due to lack of funds or lack of 
business impetus to deliver the mining project. As a result, many 
African entrepreneurs in the mining sector end up selling off their 
assets at a bargain price to more experienced Western businesses 
with the financial muscle to develop the mineral resource. 

Legal Barriers
Governments can inadvertently create legal hindrances to new 
entrants by granting a few exclusive right, to a few companies. These 
are protectionist strategies adopted by governments especially 
where they are state-owned or are strategic to the economic 
development of the country. Governments should be able to 
create an environment that promotes local as opposed to foreign 
investment to create economic development. Foreign companies can 
simply shut down operations when mineral resources are depleted, 
but local companies innovate and diversify, continuing to support 
economic development beyond the life of the mining project.

Marketing Barriers 
In any business, marketing is important to help sales and therefore 
generate revenue streams. In most mining operations, marketing is 
minimal because most of the mining products are commoditized i.e., 
they are sold on metal exchanges at predetermined prices either as 

a hedge, forward, future or spot. This is however not the case with 
Li-Co. Due to the dominance of China in this market, prices tend 
to be determined by the Chinese market or negotiations between 
miners and offtakers, making it difficult for new entrants to efficiently 
negotiate a price reflecting the true value of the commodity, whereas 
big players in the industry sector are already fully established, and 
can influence the outcome of price negotiations. They also have the 
financial muscle to build corporate structures for comprehensive 
marketing in regions in which they choose to invest. 

Environmental Impact of the LIB Supply Chain
Mining is always associated with impact on the planet but measures 
exist to mitigate environmental issues arising from mining activity. 
To develop sustainable mining operations therefore requires 
expertise and experience, hence the need for developing synergies 
with international mining houses renowned for sustainable mining 
projects that conform to international standards on environmental 
protection and sustainability. In the DRC sustainability is a major 
issue for the artisanal miners – the mining methods are a risk to both 
the environment and society, and the use of child labor is endangering 
children and threating the existence of the development of the mining 
industry in the country. Unless these issues are addressed, the DRC 
may not be able to realize the investment in its resources.

On the midstream part of the value chain, the main danger associated 
with the LIB value chain is the disposal of waste material. Processing 
metals for battery chemicals produces toxic waste that requires 
careful handling and disposal to ensure minimal pollution and impact to 
the environment. This also hold true on the consumption side where 
disposal of used batteries can result in poisoning the environment 
if not handled properly. Recycling is expected to alleviate some of 
these environmental issues but because the battery industry is still 
at development stage, recycling is yet to be established in earnest 
primarily because of the economics of undertaking the recycling 
process. With the industry still in its infancy, there is insufficient 
volume of used batteries to warrant economic recycling.
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07
Conclusions and 
Recommendations

7.1. Conclusions

a) Africa’s Significant Li-Co Resources: Lithium, cobalt, 
and other LIB metals which are critical raw materials for the LIB 
industry are necessary for future technological advancement of 
African countries, especially as the world moves towards a green 
energy future. The mineral resource is available in Africa and has 
been shown in the study to be abundant in more than ten countries 
with prospects of commercial viability. It compares well with other 
deposits globally, even with superior grades and bigger deposit size as 
studied from the DRC cobalt deposits, the South African manganese 
deposits, the Moroccan phosphate deposits, the Guinean bauxite, 
and iron ore deposits. The fact that all these minerals are mined in 
Africa in proximity is a step on the ladder of the value chain, with 
several other projects elsewhere in Africa showing prospective 
results. Based on the distribution of projects on the continent it 
can be concluded that end-to-end development of the LIB supply 
chains can become a reality in Africa. Regional cooperation can help 
facilitate maximum benefit from the mineral resource. 

b) Project prospects in Africa: Several companies are already 
operating in African mining and in several states but are beneficiating 
the commodity as far as phase two of the value addition process, 
realizing only around 10% of the total value imbedded in the end-
to-end supply chain. The respective governments should provide 
support to these mineral projects while at the same time creating 
the environment for local participation, at investor and executive 
management levels, as a long-term strategy to develop a home-grown 
industry that supports the development of the whole value chain.  

c) Value addition: Africa is losing out on the opportunity to benefit 
from its mineral resources by failing to cooperate to develop common 
and sound mineral policies and laws that are geared towards benefiting 
the continent. It has been proven that mining alone can only realize 10% 
of the value of the mineral commodity, implying countries are losing 
potential revenue equivalent to 90% of the value of the commodity. 
Other nations like Australia and Chile are promoting value addition to 
their lithium ore to ensure maximum benefit and their governments 
actively support them. Where necessary, intervention at government 
and regional level should be invoked to make sure investors commit 
to development of at least 80% of the value chain either in country 
or in the region. 

7.2. Recommendations

a.  Conduct pre-feasibility studies on establishing Africa’s  
     battery manufacturing value chain: 

From the study it is evident that Africa has all the ingredients for 
the various chemistries of the lithium ion battery manufacturing. 
However, in order to attract the funding needed, a feasibility study  
should be conducted to assess country readiness and how it can 
benefit from the various segments of the value chain: raw materials; 
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refineries; precursors and battery assembling. The study will assess 
each country’s readiness based on criteria such as innovation, capital 
raising, manufacturing, energy, and governance. Based on this, the 
study will identify countries that have already built capacity in these 
areas and identify what other countries can do to develop their 
capacity and readiness as well. The pilot plant already established by 
Megamillion company in South Africa will provide good insights for 
the study. The results of the study will inform a regional approach 
to battery manufacturing in Africa.

b. Promote linkages with other economic sectors for 
    Li-Co development: 

There is symbiotic interplay between different sectors of the 
economy and Li-Co development can only be achieved if that 
relationship is promoted. African countries need to implement 
systems that support economic development starting from the 
level of good governance. Major state institutional functionalities 
that promote value chain development include governance, national 
economic (and monetary) policies, infrastructure and logistics 
development, transparency, education, and communication. The 
pillars of value chain development are weak if any of these state 
functions are weak.

c. Resource the African Minerals Development Centre   
   (AMDC) to coordinate development of strategy for 
   critical minerals: 

To reap the maximum benefit from its natural resources, Africa 
should resource the AMDC to coordinate the development and 
implementation of a strategy for critical minerals such as REE, 
lithium, and cobalt.  With this approach, Africa would be able to 

develop a robust system of investment promoting local participation, 
complete value chain development, engagement of local service 
providers and contractors, and eventual investment in consumer 
goods manufacturing. 

d. Promote joint ventures with foreign companies to 
   develop Li-Co deposits: 

In addition to developing home-grown financial institutions with the 
capability to finance huge projects, African states should take advantage 
of their huge resource to develop synergies with the major battery 
consumers like Samsung, Tesla and LG.  States should encourage their 
local entrepreneurs to undertake joint ventures with experienced 
Western companies. Having indigenous players to participate in the 
supply chain is the best way of transferring knowledge and skills to 
local content, following China and Japan’s fast-track industrialization 
model. A strategy must be put in place that promotes local businesses 
in the economy, including the Li-Co value chain. This could be a 
starting point for local participation which should transition to full 
consolidation with time as they develop their business acumen. It is 
increasingly becoming common practice by miners in the developed 
world to make joint ventures or devise offtake agreements that 
facilitate the development of the full value chain. 

e. Develop investment promotion strategy for value chain  
   development: 

The natural progression towards developing the Li-Co industry sector 
is to create an environment that promotes open and transparent 
investment. African countries endowed with mineral resources 
should put in place policies that promote value chain development, like 
providing incentives to companies that consider developing the value 
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chain beyond beneficiation (concentrate production). Incentives can 
be in the form of tax holidays during payback period, waiver of 
import duties, and similar efforts.

f. Representation on global Li-Co industry association: 

It is important that African countries keep track of industrial 
developments (probably best done by the AMDC) happening in 
other parts of the globe. Understandably Africa’s high-tech industry 
is still in its infancy but now is the time to take a position for the 
anticipated industrial development requirements in the near future. 
It is therefore extremely important for Africa to cooperate in the 
development of the Li-Co industry to have an influential voice in 
the landscape. This is one way Africa can address the issue of other 
countries controlling the exploration, exploitation and markets of 
critical minerals and their value added products worldwide. 

g. Development of strong financial institutions: 

Africa needs to develop strong institutions especially banking. 
Banking in Africa is mainly retail (personal and commercial) and 
trade finance with little evidence of investment banking as a driver of 
economic development. Countries should develop institutions such 
as pension funds, hedge funds, insurance, and wealth management 
institutions capable of pooling resources for significant  investments 
like a mining operation. Bikita minerals is today probably failing to 
develop processing facilities of its huge lithium resource because of 
lack of financial institutions to finance the project. Support from 
strong financial institutions acting with strategic intent could be 
transformational. 
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