


Africa’s Mineral Fortune

For too long Africa’s mineral fortune has been lamented as a resource curse that 
has led to conflict rather than development for much of the continent. Yet times 
are changing and the opportunities to bring technical expertise on modern mining 
alongside appropriate governance mechanisms for social development are becom-
ing more accessible in Africa.

This book synthesizes perspectives from multiple disciplines to address Africa’s 
development goals in relation to its mineral resources. The authors cover ways of 
addressing a range of policy challenges, environmental concerns, and public health 
impacts and also consider the role of globalization within the extractive industries. 
Academic research is coupled with key field vignettes from practitioners exem-
plifying case studies throughout. The book summarizes the challenges of natural 
resource governance, suggesting ways in which mining can be more effectively 
managed in Africa. By providing an analytical framework it highlights the essential 
intersection between natural and social sciences, central to efficient and effective 
harnessing of the potential for minerals and mining to be a contributor to positive 
development in Africa.

It will be of interest to policy makers, industry professionals, and researchers in 
the extractive industries, as well as to the broader development community.
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Introduction

Saleem H. Ali and Kathryn Sturman

For many centuries Africa’s rich mineral endowment has shaped the fortunes of 
its peoples and the environment. Beginning in the early twenty-first century, the 
commodities price boom and concerns about human impacts on the environment 
have seen increasing value placed on the continent’s renewable and non-renewable 
natural resources. Operators explored and extracted mineral and energy resources 
at an unprecedented pace during the boom, with regulators scrambling to keep up. 
The limitations of the so-called commodities super cycle soon became apparent to 
Africa’s policymakers and investors alike, however, prompting a need for revised 
approaches to resource governance in the past five years.1 At the same time, com-
peting land and water uses, deforestation, and loss of biodiversity remain key con-
cerns for climate change mitigation and environmental conservation. This raises 
an enduring question: How does Africa develop its mineral fortune sustainably, 
both in environmental and in socio-economic terms? The concentration of low-
income, resource-dependent countries in Africa places it at the center of global 
debates about sustainable development and the extractive industries.

In the spirit of the Routledge Extractive Industries and Sustainable Development 
series, this book aims to synthesize perspectives from multiple disciplines to address 
Africa’s sustainable development challenges. Mineral development is a highly tech-
nical arena where geologists, mining engineers, and environmental scientists have 
traditionally held ascendancy. However, the social impact of minerals and the long 
history of their linkage to colonialism have posited serious development questions 
that extractive industries and governments need to address. Mineral development 
is not merely a matter for engineers and scientists to negotiate, but also the start of 
a complex supply chain of materials that have immediacy for human and environ-
mental impacts in Africa and worldwide.

Several chapters in this book were informed by work under the auspices of the 
Sustainable Minerals Institute of the University of Queensland and the University 
of Western Australia, with financial support from the Australian Aid Initiative on 
International Mining for Development that ran for three years (2012–2015). The 
Sustainable Minerals Institute’s holistic approach to environmental and social sus-
tainability is reflected in the book’s unique conceptualization of this topic. We 
have also invited authors from other leading research centers in science and policy 
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to contribute, however, to give full topical coverage to key issues around African 
mineral development. Wherever possible we have teamed African researchers with 
non-African researchers in chapter authorship to ensure lessons and insights that 
transcend geographic biases. We also invited environmental organizations such 
as Conservation International as well as international policy think tanks such as 
Chatham House to ensure timely relevance of the material with key stakeholders 
outside academia. We convened a workshop with the authors in December 2016 
to ensure connectivity between chapters and to provide authors and editors with 
more-robust communication that would better integrate the themes of the volume.

The book is divided into four parts, the delineation of which were determined 
through interactions at the authors’ workshop. To sharpen the focus of key themes 
we also decided to include field vignettes within each part, with short exemplifying 
cases written by practitioners. Part I starts by considering the political template on 
which mineral extraction occurs in Africa with chapters on resource governance 
and the impact of globalization on development paths within the continent. Part 
II considers key areas of data deficits that can impact mineral development paths 
within Africa and how these can be addressed through a range of natural science 
and social science methods. Part III focuses on the key environmental challenges 
that are linked to mining in Africa, and some novel ways of addressing these chal-
lenges. In addition, the Ebola crisis in West Africa in 2015 prompted us to include 
a chapter on public health and mining. Finally, in Part IV we come full circle with 
the challenge of resource governance and present key ways in which scales of min-
ing development can be more effectively managed in the African context of mul-
tiple jurisdictions and uneven regulatory capacity between and within states. We 
are conscious of the tension between aspirations for African unity as an antidote 
to a fracturing colonial legacy on the one hand, and the desire of African states to 
distinguish themselves culturally and eschew a simplistic homogenization on the 
other. In the context of mineral development, however, there has been a con-
certed effort by the African Union to recognize cross-cutting lessons across Africa, 
hence the continental cadence of this volume is appropriate. This volume presents 
an eclectic set of methods to show how environmental science and resource gov-
ernance require a diverse skill set and consequent capacity building within Africa.

Our goal is to provide an accessible and high-quality anthology that can assist 
African policymakers and link Africa’s challenges to global sustainability conversa-
tions. Minerals are an essential part of our lives because of their use in technologies 
we use daily. The supply chains of so many of these essential elements can be traced 
back to Africa; this gives the countries of the continent some leverage but also 
makes them vulnerable to what has been termed “the resource curse.” The lessons 
gleaned from this volume on how to harness Africa’s mineral wealth for develop-
ment will undoubtedly have implications for material use and flows worldwide.

This book has two key conceptual frames that have assisted us in selecting and 
developing chapters. First, we consider the life cycle of mineral extraction as con-
ducted by mineral developers and regulated by governments. Figure 0.1 lays out 
the chain of value that goes through the four key phases of an extractive operation. 
The two contravening arrows at the bottom indicate that the value chain has to 
constantly contend with costs and benefits that require various forms of scientific 
data, risk analysis, and policy considerations to balance.
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Figure 0.1 Life cycle of mineral extraction

We are preparing this book for publication at a time when there is considerable 
anxiety regarding the developmental benefits of mining. The resource boom from 
2000 to 2012 that was spurred by the rapid infrastructure developments in China 
has abated, and resource economies are waiting for the next demand cycle to spur 
economic activity. China’s investment in Africa has led to a growing literature of 
dissent regarding the scale and scope of the enterprise and its overall costs and ben-
efits for the continent.2 Furthermore, investment in exploration is currently being 
hampered by lack of capital and a dire legacy of errant closure of past projects with 
serious environmental legacies that governments and industry are now trying to 
remediate.3 At the same time, the extractive enterprise can be sustainable only in 
its contributions toward development if the capital harnessed from the extractive 
enterprise can catalyze other sectors of development. Minerals as a primary sector 
might be deemed non-renewable on human time scales, but the minerals sector 
certainly has the potential to stimulate other sectors of the economy that might 
otherwise remain dormant. The economic linkages accorded by the extractive 
sector need to be considered at every phase of the life cycle. Governments need 
to consider more carefully the investment of the broader wealth to catalyze other 
industries beyond the life of the mineral extraction phase.

With this backdrop, we have also considered a second conceptual frame for 
the book, one that advances the discussion of mineral contributions to Africa’s 
development across the realms of the natural sciences and public policy. This 
is a novel approach that aims to bridge an apparent divide in studies of min-
eral development. Much of the literature on extractive industries is either highly 
technical earth sciences and engineering research on the one hand, or political 
economy and anthropological analyses of minerals and development (or lack 
thereof) on the other.4 There is also a stark disconnect between the environmental 
conservation discourse on Africa and the vast economic development literature.  
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Where integrative anthologies have been attempted, they have focused on very 
broad questions of sustainability rather than on focusing on analyses by a range of 
disciplinary practitioners.5 We have provided an analytical frame that allows for the 
science and public policy interface to be more closely aligned and analyzed through 
the chapter selections for this book.

Figure 0.2 shows the basic data premises on which the science and policy inter-
face must be predicated at the center of the diagram. In this figure we have linked 
key aspects of the mineral development challenge represented by the book’s chap-
ters. It is important to note that we are ultimately concerned about moving away 
from a linear view of extractive industries and are particularly inclined to high-
light industrial ecological approaches to connecting science and policy in mineral 
extraction. We have circled for emphasis the aspect of the diagram that ties in with 
the nascent concept of a circular economy.

Existing literature on Africa’s extractive industries does not adequately address 
the cyclical nature of this most volatile of markets.6 Academic and applied policy 
analysis alike tells the story of opportunities and threats facing African countries 
from heightened demand for minerals, but pays little attention to what could hap-
pen when demand drops. Two discourses stand out: (1) the optimistic “Lions 
on the Move” thesis from the McKinsey Global Institute and (2) the pessimis-
tic “scramble for Africa.”7 Neither addresses the inevitable situation facing many 
resource-dependent countries when price fluctuations force operators to put 
megaprojects on ice at short notice, and transnational corporations divest assets as 
quickly as they acquired them. How might geology and technology intersect with 
these economic challenges to allow for more-sustainable opportunities to emerge? 
Timing, flexibility, and long-term planning are key themes explored in this book, 
considered at each stage of extractives development.

The cyclical nature of the extractive industries has been shown to have a sig-
nificant impact on political dynamics in resource-rich countries. For example, 
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Anthony Bebbington notes that political elites in resource-rich countries are more 
vulnerable to commodity price fluctuations than to any other exogenous fac-
tor related to extractive industries.8 Political scientist Miriam Lowi states that in 
Algeria, “When oil rents become important in an environment in which cleav-
ages are deep and the ‘national question’ is contested, political stability is sacrificed 
in periods of resource contraction and distribution crises.”9 The cyclical nature 
of mineral and energy commodity prices undermines the stability of resource-
dependent political settlements. This is especially the case for neo-patrimonial sys-
tems that use resource rents to co-opt political support. A sharp decline in mineral, 
oil, or gas prices strips this type of power away.

For example, Zambia’s exposure to the external shock of declining copper 
prices and rising oil prices in the 1970s has been a well-documented case of the 
curse of single commodity dependence. The prolonged economic recession even-
tually led to significant public protests and social mobilization led by the trade 
union movement. The most frustrating aspect of copper price dependence for the 
Zambian government has been the disruption of long-term development plans.10 
We have further augmented such socioeconomic case research on Zambia with 
in-depth analysis of science-based approaches to addressing the country’s mineral 
quandaries through novel approaches to mine waste management, remediation of 
sites, health and safety concerns and managing social risk.

A boom in commodity prices increases non-tax revenue to resource-rich coun-
tries, which can have a stabilizing effect on ruling coalitions. Whether this stability 
is achieved by channeling windfall revenues into inclusive social spending, or into 
more-exclusive patron–client payments, depends on the nature of the political set-
tlement. A stable political settlement is a basic condition for success of countries that 
have attained development from the mineral and energy resources. Developmental 
states might be able to achieve this level of stability without political inclusivity. 
Political and economic marginalization of actors living within resource-rich regions 
has been seen to fuel conflict in many countries, however. This risk is most acute at 
the early stages of exploration, licensing, and construction of new projects when they 
can be derailed by localized conflict, and before revenues have been shared with these 
subnational actors. Realistic and incremental efforts to achieve broad-based develop-
ment from resource extraction are needed to balance inclusivity with stability.

The literature on the politics of mining also tends to focus on the interac-
tion between political elites and large, state-owned, and multinational enterprises. 
There is a gap in considering artisanal and small-scale mining (ASM) from this 
perspective. This manuscript attempts to address this challenge through chapters 
that consider the impacts of a broad range of mining development efforts in Africa. 
Even where official government policy might be to encourage small-scale mining, 
the political dynamics within a country or region can undermine trust in licensing 
and regulation procedures. Accentuating these factors are the array of natural vari-
ables of ecosystem fragility, disease vector prevalence, and climatic variation across 
the several environmental zones in Africa. We have situated this anthology within 
this very broad context of natural resource governance research wherein Africa is 
the archetype for dealing with the most complex array of ecological and social chal-
lenges. We are conscious of the need for clear solutions rather than the recurring 
lament that often characterizes discourse on African development.
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As the “African dream” is reimagined with the advent of the United Nations’ 
seventeen Sustainable Development Goals and their ambitious 2030 achieve-
ment timeline, we hope that this book will be of use to the broader development  
community.11 Mineral extraction is an evocative topic wherein the narratives 
become polarized between renewability and non-renewability.12 As green tech-
nology researchers frequently remind us, however, even clean energy sources 
such as wind and solar require minerals for infrastructure development.13 A sound 
understanding of the natural and social science that underpins mineral extraction is 
imperative. The costs and benefits of various techniques of extraction, the oppor-
tunities and limits of recycling, and the role of technological change in this milieu 
needs integrative analysis. Our aim in this volume is to highlight the essential inter-
section of science and politics in efficiently and effectively harnessing the potential 
for minerals as a contributor to development in Africa.
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1 Harmonizing African resource 
politics?
Lessons from the African Minerals 
Development Centre

Rodger Barnes, Kojo Busia, and Marit Kitaw

In brief

 • The Africa Mining Vision offers a framework for resource exploitation 
that achieves sustainable development in countries with diverse min-
eral prospectivity, development histories, and institutional and human 
capital.

 • The vision’s origins and principles for broad-based socioeconomic 
development across the continent are being implemented by the African 
Minerals Development Centre.

 • The Africa Mining Vision is significant both as a framework for guiding 
countries that are seeking to maximize the contribution of mining to sus-
tainable development and in educating practitioners and scholars who 
are working on inclusive social and economic development opportuni-
ties from mining in Africa.

Domesticating the Africa Mining Vision (AMV) at the country level through 
Country Mining Vision (CMV) entails deliberate interventions more than an 
“invisible hand.” It requires strong national ownership of the process, which, 
although government-led, must be inclusive enough to promote broad consen-
sus on how to ensure that mining policies outlast political and electoral cycles. 
A multi-stakeholder approach that considers the perspectives of civil society and 
community-based organizations, local administrations, and the private sector is 
fundamental, as shown in the examples of Lesotho and Mozambique. A trusted 
broker with technical and financial capacity is needed at the country level to effec-
tively facilitate the beginning of the process, through a mechanism that can conse-
quently be organically adopted by the country.

Implementing the AMV at the country level ultimately requires a profound 
understanding of the institutional and agency dynamics in the country; the incen-
tives to adapt to change and a continuous mechanism to mobilize the multiple 
stakeholders to collaborate across sectorial and jurisdictional divides. It relies on 
high-level government leadership to sensitize actors to change and articulate clear 
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and effective pathways for transformation. The buy-in of key actors and agencies is 
needed so that ministries responsible for mineral development along with national 
development authorities become owners and strong implementing agents of the 
AMV and domesticated CMVs.

Introduction

In February 2009, the African Union Assembly of Heads of State and Government 
(AU) adopted the Africa Mining Vision (AMV). For the first time, African nations 
devised a strategy for harnessing the extractive resources sector that would spur 
economic development and structural transformation across the continent. Based 
on foundational ideals of equity and fairness, the AMV delivered a comprehensive 
blueprint for governments, private enterprises, and non-government agencies alike 
to pursue the optimal exploitation of resources.

In adopting the AMV, the AU called on the international community and 
Africa’s development partners to support the efforts of member states “towards 
enhancing the contributions of mineral resources to the achievement of the MDGs 
(Millennium Development Goals), the eradication of poverty and the promotion 
of sustainable economic growth and development.”1 Through the AMV, the AU 
set a bold and ambitious agenda to endow the extractive resources sector with a 
prominent role in socioeconomic development.

This chapter examines the implementation of the AMV as a roadmap for change, 
both in the governance of extractive resources and in the linkage of the mining 
industry with other parts of the economy. The chapter first reviews the AMV’s 
historical and political origins along with its main principles and objectives. Next, 
the chapter describes the AMV’s implementation by the institution entrusted with 
the task, the African Minerals Development Centre (AMDC).

The inception of the AMV coincided with China’s spectacular growth and sus-
tained demand for mineral resources. Lower commodity prices and the ensuing 
fiscal crises are currently challenging many resource-dependent African countries. 
Questions have arisen over whether the AMV’s development objectives can be 
maintained in a depressed commodity cycle. Busia and Akong contend that the 
AMV is forward-looking and robust enough “to bring about a lasting paradigm shift 
for Africa’s extractive sector, anchored on its broad-based development.”2 This chap-
ter examines the approaches, successes, and challenges of implementing the AMV 
as the primary framework for practitioners and scholars in ensuring that extractive 
resources contribute to sustainable economic and social development in Africa.

Box 1.1 Text of the Africa Mining Vision

“Transparent, equitable and optimal exploitation of mineral resources to 
underpin broad-based sustainable growth and socioeconomic development.”

This shared vision will comprise

 • A knowledge-driven African mining sector that catalyzes and contrib-
utes to the broad-based growth and development of, and is fully inte-
grated into, a single African market through
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{{ Downstream linkages into mineral beneficiation and manufacturing;
{{ Upstream linkages into mining capital goods, consumables, and ser-

vices industries;
{{ Sidestream linkages into infrastructure (power, logistics, communi-

cations, water) and skills and technology development (HRD and 
R&D);

{{ Mutually beneficial partnerships between the state, the private sec-
tor, civil society, local communities, and other stakeholders; and

{{ A comprehensive knowledge of its mineral endowment;

 • A sustainable and well-governed mining sector that effectively garners 
and deploys resource rents and is safe, healthy, gender and ethnically 
inclusive, environmentally friendly, socially responsible, and appreciated 
by surrounding communities;

 • A mining sector that has become a key component of a diversified, 
vibrant and globally competitive industrializing African economy;

 • A mining sector that has helped establish a competitive African infra-
structure platform, through the maximization of its propulsive local and 
regional economic linkages;

 • A mining sector that optimizes and husbands Africa’s finite mineral 
resource endowments and that is diversified, incorporating both high-
value metals and lower-value industrial minerals at both commercial and 
small-scale levels;

 • A mining sector that harnesses the potential of artisanal and small-scale 
mining to stimulate local/national entrepreneurship, improve livelihoods, 
and advance integrated rural social and economic development; and

 • A mining sector that is a major player in vibrant and competitive 
national, continental, and international capital and commodity markets.

Harnessing Africa’s resource endowment

The narrative of Africa rising has dominated the first decade of the twenty-first 
century, with the continent’s GDP rising on average nearly 5 percent a year.3 This 
growth, however, has not led to improvements in broad-based measures such as 
the Human Development Index (HDI) or in reduced rates of poverty. Instead, 
Africa’s share in world trade has remained very low, with its exports concentrated 
in natural resources and minerals. At the same time, African economies have not 
changed in ways that would sustain social and economic development. World 
economic trends such as volatile commodity prices have underscored the perils of 
strong economic growth without concurrent industrial development and structural 
transformation.4

Yet even though demand for mineral commodities is falling in this post-boom 
commodity cycle, the diverse range of commodities and extent of development 
needs across Africa present extraordinary opportunities for wealth creation. As 
the world’s second largest continent, Africa is home to an estimated 30 percent of 
global mineral reserves, with several countries hosting world-class mineral deposits.5  
Thirty-four of Africa’s fifty-four countries have economies that are mineral depend-
ent, with minerals composing at least one-quarter of their exports.6 Africa ranks 
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among the world’s largest suppliers of certain minerals, with three-quarters of the 
global platinum supply, half of the world’s diamonds and chromium, and up to 
one-fifth of gold and uranium.7 Furthermore, it has globally important reserves of 
bauxite, iron ore, cobalt, tantalum, copper, and tin. As of 2013 Africa received about 
14 percent of mining investments worldwide, with $110 billion invested in 26 pro-
jects around the continent.8 In 2012, 17 percent of the world’s planned worldwide 
exploration budgets, or $3.4 billion, was earmarked for Africa.9

The continent is also becoming an important petroleum exporter. Countries 
in sub-Saharan Africa have 5 percent of global production and 5 percent of the 
world’s oil reserves. Nigeria and Angola are among the top 20 oil producers in 
the world, and between 2001 and 2010 the two countries’ oil reserves increased 
by 20 percent and 100 percent, respectively. Other significant oil reserves have 
been discovered in Ghana, Uganda, the Democratic Republic of the Congo, 
and Kenya. The U.S. Geological Survey estimates that Kenya, Mozambique, and 
Tanzania hold greater reserves of natural gas than the combined reserves of the 
United Arab Emirates and Venezuela. Mozambique’s natural gas reserves are dou-
ble those of Libya.10

The McKinsey Global Institute’s outlook for growth in Africa thus remains 
promising, with the continent’s production of oil, gas, and most minerals predicted 
to continue to grow steadily by between 2 and 4 percent per year. At this rate of 
growth, the value of resources production would rise from $430 billion in 2016 to 
$540 billion by 2020.11

While the rich resource endowment of Africa is unquestioned, uncertainty 
remains over the extent to which African countries can leverage exploitation of 
their mineral and petroleum resources to transform their economies and societies.

The link between mineral endowment and economic growth has been the sub-
ject of debate for years. Many scholars argue that developing countries dependent 
mainly on resources for export earnings have experienced relatively slow rates of 
economic growth.12 For several decades, economists have warned of the phenom-
enon known as the resource curse, in which imprudent expenditure of resource rents 
destabilizes the economy and renders much agricultural and manufacturing activity 
internationally uncompetitive.13 This occurred, for example, in Mexico, Nigeria, and 
Venezuela during the 1979–1980 oil boom. Some researchers also believe that min-
ing has the propensity to increase local conflict and even spread violence regionally.14

One emerging paradox in Africa is that some of the countries that are richest in 
resources rank among the lowest on the HDI. For instance, oil-dependent coun-
tries such as Angola and Chad and mineral-dependent states such as the Democratic 
Republic of the Congo and Guinea have low HDI. Niger is the world’s fourth-
ranking producer of uranium and yet also trails the index.15 Yet there is no con-
clusive correlation between resource dependence and HDI: relatively high HDI 
levels are found in oil-exporting countries such as Algeria, Gabon, and Libya and 
mineral-rich South Africa and Botswana. Furthermore, whereas Africa in general 
has struggled to leverage resource development for the benefit of its people, some 
mineral-rich countries such as Botswana successfully use mining to induce eco-
nomic growth and reduce poverty.16

The evidence suggests that the abundance of a country’s resource endowment 
or reliance on mineral or petroleum exports is not a clear determinant of either 
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prosperity or impoverishment.17 While achieving development from minerals is 
clearly not automatic, neither is it the case that poor socioeconomic development 
is a necessary outcome of a country’s resource endowment. The above analysis of 
differing development outcomes across various African countries suggests that the 
management of a country’s resources is critically important.

The need for African-driven solutions

Prior to the AMV, no effective template existed for optimizing resource exploita-
tion to achieve sustainable development. Resource economics drew on lessons 
from the economic transformation of northern European countries after North 
Sea oil was exploited in the late 1970s. Scholars warned of potential pitfalls such as 
Netherland’s Dutch Disease, and cited examples of best practices such as Norway’s 
use of oil revenue to lift it to the highest levels of development.

But these lessons did not translate neatly to the African context, with its vastly 
different history and political conditions. The impact of colonialism and the 
exploitative precedents it established affected the way countries developed their 
resources as they gained independence.

The global steel requires large volumes of coal and iron ore, and higher demand 
is an indicator of economic growth. Three global steel cycles since World War II 
also influenced mineral resource development. These cycles, outlined in the tech-
nical documentation supporting the AMV, are shown below:18

 • Phase 1 (1950–1984): high intensity. Postwar reconstruction efforts and 
increasing buying power within the developed world produces strong mineral 
demand and high prices. Negligible impact in the developing world.

 • Phase 2 (1984–2000): low intensity. Developed world infrastructure installed. 
Oversupply and low prices for most minerals.

 • Phase 3 (2000–ca. 2011): high intensity (higher than phase 1). Developing 
world takes off and trade rules are revised, reflecting a partial loss of developed 
world hegemony over global trade systems. High demand and high prices.

Many African states were still colonies during phase 1, and on gaining independ-
ence there was a strong push for national sovereignty. Extractive resources came 
under state control in the 1960s and 1970s, leading to the nationalization of large 
private companies in Ghana, Guinea, Zambia, and other countries. The timing of 
this development was unfortunate, however, because it occurred just before the 
onset of phase 2, a period of weak demand and low prices. State control of the 
industry served to further weaken it through political interference in business deci-
sions, disrespect for managerial and technical expertise, low reinvestment leading 
to capital consumption, and inability to access finance.19

By the late 1980s, generally at the instigation of the World Bank, many African 
countries instituted reforms to curb abuses and actively sought foreign direct 
investment. They also privatized state-owned enterprises and revised national min-
eral policies to emphasize security of tenure (security of the rights to the depos-
its the miners wish to mine) and to strengthen mineral rights. The new legal, 
regulatory, and administrative frameworks reflected a shift from government as an 
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owner-operator to government as regulator-administrator, with the private sector 
assuming the lead role in mineral development projects.20 Governments offered 
comprehensive incentive packages to attract mining investors, particularly in the 
form of reduced taxes and royalties. In the late 1990s the industry witnessed less 
regulation, lower state share of resource rents, and limited linkages between the 
resources sector and the rest of the domestic economies.

These reforms accompanied a rise in mineral prices in phase 3, along with 
increased foreign direct investment and an influx of mining capital, technology, 
and skills. By the turn of the century, however, critics questioned whether the 
resources boom, and the ensuing rise in export earnings in many mineral econo-
mies in Africa, had a desirable impact on domestic resource development. They 
criticized the reforms as being narrow-minded and geared toward attracting foreign 
investment and promoting exports rather than fostering domestic development.21

This progression in Africa coincided with an increasing global focus on sus-
tainable development. In 2002 the World Summit on Sustainable Development 
in Johannesburg shined a spotlight on mining, particularly on how the industry 
could contribute to global sustainable development. The mining industry came 
under tremendous pressure to improve its performance in several areas, such as 
environmental, social, and economic impacts; stakeholder participation, includ-
ing local and indigenous communities and women; and technical capacity in 
host countries.

Following the World Summit on Sustainable Development the mining industry 
sponsored a major initiative to frame its response to the global focus on sustainable 
development. The Mining, Minerals and Sustainable Development project sought 
to recast the minerals sector as a major contributor to sustainable development. It 
acknowledged the dilemma of achieving sustainability from exploitation of non-
renewable resources and argued that natural (mineral and petroleum) resource 
capital could be channeled into financial, human, and institutional capital to propel 
economic and social development. In its 2002 report, the Mining, Minerals and 
Sustainable Development project proposed a strategy for implementing sustainable 
development principles in the mining and minerals industry.22 The International 
Council on Mining and Metals followed suit the next year and adopted the 
Sustainable Development Framework to help members improve their sustainable 
development performance.23

The extensive scrutiny of the global minerals industry revealed that a com-
plex array of coordinated and interrelated conditions was necessary for resource 
development to produce desirable social and economic outcomes. Even experi-
ences in developed parts of the world—such as central Australia, where indig-
enous communities hold significant statutory rights to control access to traditional 
lands and enter beneficial agreements—showed the need for proactive interven-
tions to ensure that financial and other agreement benefits translated into human 
and institutional development.24 Without effective linkages through local employ-
ment, training, and business development, there was little prospect of skills transfer, 
wealth creation, or community development.

Industrialization and resource development in Africa thus did not lead to diver-
sified industrial economies. High levels of continental debt, poverty, capacity con-
straints, and lack of infrastructure only exacerbated the situation.25
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For Africa, creating better linkages between the extractive sector and other sectors 
of the local economy was essential to ensuring that long-term benefits accrued to 
host countries. Most of Africa’s minerals were exported as ores, concentrates, and 
metals without significant value addition, so there was a great potential for mineral 
beneficiation. Beyond value addition and increased local processing, the regimes in 
resource-rich African states also needed to change to integrate the minerals sector 
within a diversified economy.26

In formulating a long-term strategy to eradicate poverty and establish sustain-
able growth and development across the continent, it became clear that structural 
transformation of economies was a central component.

Formulating the Africa Mining Vision

The AMV emerged against the backdrop of externally imposed reforms, including 
those promoted by the Bretton Woods institutions, that were seen as lacking legiti-
macy and accountability. These reforms, based on unequal relationships between 
African countries and powerful multinational and financial institutions, privileged 
the interests of privately owned companies and elites over those of the majority 
of the population.27 In formulating the AMV, policymakers recognized that little 
progress had been made to restructure the mining sector, which had operated as an 
enclave since colonial times. What was needed was a framework for integrating the 
sector more coherently into the continent’s economy and society.28

Busia and Akong describe the priorities of the AMV as “the product of long-
standing aspirations of African governments to chart an alternative development 
path that is owned by countries.”29 Its evolution was stimulated by several initia-
tives for resource development that were implemented at the sub-regional, conti-
nental, and global levels.

Linking the extractive and other industries through economic clusters and 
infrastructure corridors formed the basis of initiatives such as the AU’s New 
Partnerships for Africa’s Development and the Big Table dialogue in February 
2007 between African ministers of finance and economic planning and their coun-
terparts in the Organisation for Economic Cooperation and Development.30 Titled 
“Managing Africa’s Natural Resources for Growth and Poverty Reduction,” the 
Big Table was jointly organized by the United Nations Economic Commission 
for Africa (UNECA) and the African Development Bank.31 The Big Table noted 
that the reforms promoted by the Bretton Woods institutions in the 1990s had 
not led to development. Instead, it found that the resource industry continued 
to operate in economic enclaves and that poverty had not been reduced.32 The 
Big Table recommended that a study group be established to pursue the issue of 
mineral sector reforms.

In 2007, UNECA set up the International Study Group on Africa’s Mineral 
Regimes (ISG), comprising experts on mineral development issues, including 
leading policymakers, researchers, academics, and practitioners, along with rep-
resentatives of the AU, and regional economic communities; UN agencies; the 
Commonwealth Secretariat United Kingdom; and civil society organizations.33  
The ISG noted the potential for African mineral resources to anchor an 
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industrialization strategy that would secure sustainable growth and development. 
Toward this end, the ISG sought to move the focus of mineral policy beyond 
extracting resources and sharing revenue to encompass a more broadly based 
restructuring of African economies.

The work of the ISG informed the formulation of the AMV, which was 
endorsed by the first session of the AU Conference of Ministers Responsible for 
Mineral Resources Development held in Addis Ababa in October 2008. This con-
ference was notable for the Addis Ababa Declaration on the Development and 
Management of Africa’s Mineral Resources, which reaffirmed the group’s “com-
mitment to prudent, transparent and efficient development and management of 
Africa’s mineral resources to meet the Millennium Development Goals (MDGs), 
eradicate poverty and achieve rapid and broad-based sustainable socio-economic 
development.”34

In adopting the AMV four months later, the AU Assembly requested that the 
AU conference of ministers develop a concrete action plan for implementing the 
AMV through the AU Commission and in partnership with UNECA, the African 
Development Bank, regional economic communities, and other stakeholders.35

The AMV Action Plan was finalized during the second conference of AU min-
ing ministers held in Addis Ababa in December 2011, with input from policymak-
ers, the private sector, non-governmental organizations, artisanal and small-scale 
miners, academic institutions, and international development organizations.36 As 
shown in Table 1.1, the AMV Action Plan features nine program clusters struc-
tured around the seven pillars of the AMV.37

Table 1.1 Key pillars of the AMV and AMV Action Plan program clusters

AMV pillars AMV Action Plan program clusters

Fostering a transparent and accountable mineral 
sector in which resource rents are optimized and 
utilized to promote broad economic and social 
development

Mining revenues and mineral 
rents management

Optimizing knowledge and benefits of finite mineral 
resources at all levels of mining and for all minerals

Geological and mining 
information system

Building human and institutional capacities toward 
a knowledge economy that supports innovation, 
research, and development

Human and institutional 
capacities;

Research and development
Harnessing the potential of small-scale mining to 

improve livelihoods and integration into the rural 
and national economy

Artisanal and small-scale mining

Promoting good governance of the mineral sector 
in which communities and citizens participate in 
mineral assets and in which there is equity in the 
distribution of benefits

Mineral sector governance

Fostering sustainable development principles based on 
environmentally and socially responsible mining, 
which is safe and includes communities and all 
other stakeholders

Environmental and social issues
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Developing a diversified and globally competitive 
African mineral industry that contributes to broad 
economic and social growth through the creation 
of economic linkages

Linkages and diversification;

Mobilization of mining and 
infrastructure investment

Source: AMV Action Plan, www.africaminingvision.org/amv_resources/AMV/AMV_Action_Plan_
dec-2011.pdf

Implementing the Africa Mining Vision through the  
African Minerals Development Centre

The scale of change envisioned by the AMV was ambitious; to carry out its 
implementation, the second conference of AU mining ministers established 
the African Minerals Development Centre (AMDC) supported by develop-
ment partners including Australia and Canada.38 The AU formally launched the 
AMDC in December 2013 at the Mineral Resources Ministers’ Conference 
in Maputo, Mozambique, with the AU Commission, UNECA, the African 
Development Bank, and the United Nations Development Programme 
(UNDP) as implementing partners.39 The AMDC was commissioned to “work 
with member States and their national and regional organizations to enable 
mineral resources [to] play a greater transformative role in the development 
of the continent through increased economic, social linkages and improved 
governance.”40 The AMDC’s business plan laid out a number of roles for the 
new center:41

 • tracking and coordinating the implementation of the AMV and activities of 
the Action Plan;

 • identifying gaps and areas of need in the member states and addressing them 
by tapping expertise and information resources from a broad range of local and 
international sources;

 • undertaking and coordinating policy research to develop policy strategies and 
options for realizing the AMV;

 • conducting an advocacy and information dissemination campaign including 
websites and discussion fora to engage various stakeholders and help create a 
movement for achieving the AMV;

 • monitoring, evaluation, and review of initiatives undertaken to advance the 
AMV; and

 • generally providing a think-tank capacity for embedding the AMV into 
Africa’s long-term development.42

Effecting change required the AMDC to work with countries that have distinct 
histories and development trajectories where mineral resources either play or 
potentially play a significant role in the economy. Africa is a diverse continent, 
and many countries face considerable political, social, and economic challenges, 
including poverty, disease, and civil strife. Implementation of the AMV also had to 
address additional challenges in a range of areas:
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 • Integrating mining operations into the domestic economy. Most mining 
operations were developed as enclaves with weak integration into the rest 
of the economy. In Africa many factors hampered the development of eco-
nomic linkages in the mineral sector, including inadequate infrastructure; 
low levels of industrialization, which translates into weak markets for mineral 
products; procurement policies of mining companies that do not prioritize 
local content; and, in general, a poor knowledge base and inadequate tech-
nological capabilities.

 • Establishing effective regulatory frameworks founded on sound legal systems 
that provide accountability and equity. Such frameworks entail public sector 
institutions that are transparent in their dealings with the private sector and 
civil society. Transparency includes fighting corruption using legal recourses 
as well as adherence to clearly articulated policies.

 • Fairly structuring the revenue flows and distributing them locally and nation-
ally, as well as reconciling conflicting interests and managing expectations. 
The process of transforming revenue flows into permanent wealth that outlasts 
finite resources requires good planning and making well-informed judgments 
on savings versus investment.

 • Dealing with inadequate capacity and weak coordination of actions within the 
mineral institutional chain.43 Without strong institutions it is difficult to gener-
ate resource-driven broad-based development.

 • Addressing permanent adverse impacts of mining on the land and the envi-
ronment. The effects on the environmental and social impacts of mining are 
strongly linked. Adverse impacts are worsened by poor governance, a weak 
regulatory environment, and insufficient enforcement capacity. One of the 
key challenges is the capacity to enforce impact management instruments, 
such as environmental and social impact assessments.

 • Using participatory and consultative approaches in societies that normally fol-
low a more hierarchical pattern. This challenge is worsened by asymmetry of 
power, knowledge, capacity, and resources between mining companies and 
local communities. Involving women and addressing gender issues could be 
particularly difficult because women are at a disadvantage due to the lack of 
legal frameworks, policies, and programs that consider their needs and protect 
their rights; limited access to resources; lack of a political voice; and dispropor-
tionate power relations between the genders in households and communities.

 • Normalizing the artisanal and small-scale mining sector, which constitutes an 
extremely important constituency in many mineral jurisdictions. Often artisa-
nal and small-scale miners are trapped in a poverty loop that they have diffi-
culty escaping. They use rudimentary equipment and techniques because their 
access to knowledge and finance is limited. Many miners also lack the busi-
ness skills and information needed to enhance the economics of their opera-
tions. Environmental impacts are serious and labor conditions harsh. Access to 
extension services and other administrative support seldom exist. Incidents of 
child labor, crime, and gender-based violence are widespread in places.

 • Facilitating cooperative action at the regional level and moving away from 
competition for foreign investment. This allows neighboring countries to pur-
sue common development objectives.44
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Domestication of the Africa Mining Vision through  
Country Mining Vision

The tenets of the AMV encompass a broad array of economic sectors, well beyond 
the extractive resources sector. The vision seeks to engage government institutions 
and stakeholders in changing the way agencies function to ensure well-designed, 
predictable processes and consistency in dealings among government, businesses, 
and communities. Collaboration, coordination, transparency, and communication 
underpin the strategic planning necessary for long-term sustainable development. 
Multiple stakeholders, often with competing interests, need to have an understand-
ing of the stakes at play.

To implement the AMV at the country level, the AMDC engaged with leading 
experts to develop the CMV Guidebook, which articulates clear-cut guidelines and 
options for aligning a country’s mining policies to the principles of the AMV.45 
Developing a CMV involves multi-stakeholder consultations to formulate a shared 
vision on how resource exploitation can promote broad-based development and 
structural transformation of the country’s economy.

The CMV Guidebook provides a step-by-step method for strategic assessment, 
policy dialogue, and sector analysis, as well as mechanisms for conducting stake-
holder consultations, including steps for policy design and formulation of a CMV 
implementation, monitoring, and evaluation tool. The CMV is intended to enrich, 
not replace, countries’ existing economic strategies and national development 
plans.46 The goal is to achieve institutional cohesiveness, whereby sectors pursue 
coherent policies that ensure a transformative role for extractives in the economy.

The CMV seeks to establish a change process. The trajectory of change and 
reform often hinges on the maturation of mining or petroleum industry in the 
country. In a mature regime, there might be a predisposition to conducting busi-
ness in the usual way; a resistant mindset could emerge among influential policy-
makers. In other economies where resource development is an emerging sector, 
starting fresh can have fewer barriers to introducing AMV-compliant petroleum 
and mineral regimes.

Lesotho case

Lesotho represents a model case of formulation of a CMV where the AMDC was 
able to conceptualize, design, and institute the process toward a CMV from the 
outset and maintain an ongoing commitment toward building the relevant institu-
tions. The AMDC was able to work collaboratively with Lesotho’s agencies and 
introduce best practices for relevant policies, processes, and procedures.

Lesotho is a small land-locked country and is not historically a mineral-based 
economy. The government commissioned new mining operations, but existing 
regulations were not adequate for good governance of the sector. Development 
of a CMV began with a government review of the 1962 Mining and Mineral 
Policy, with the support of the AMDC and UNDP. The review identified the 
need to improve mineral resource management, maximize revenue collection 
and utilization, and increase impact of mineral extraction both at the national 
and local level.47 An inclusive working group was established to drive the CMV 
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in Lesotho. The Multi-Stakeholder Working Group comprised forty people 
from several ministries including the Mining Ministry, Economic Development 
and Finance, as well as non-governmental organizations, local communities, the 
private sector, and small-scale miners. Workshops were held in 2013 that iden-
tified issues and proposed themes to guide preparation of an AMV-compliant 
Mining and Mineral Policy.

Using a draft Mining and Mineral Policy for discussion, the working group 
facilitated extensive consultations in 2014 with more than 600 people from 10 
administrative districts. The new mineral policy was adopted in June 2015 and is 
expected to provide strategic direction for the development of Lesotho’s mineral 
resources and ensure that the sector contributes to socioeconomic development 
and transformation. Many of the new elements of the policy will require fur-
ther development of the existing legal and regulatory framework. The AMDC 
is assisting with preparing proposed mining legislation. The process proved very 
effective partly because of the absence of already developed policies in the mineral 
sector. The AMDC was able to work collaboratively with Lesotho’s agencies and 
introduce best practice

Experience shows that no one-size-fits-all approach works in the CMV process, 
but some key implementation lessons have emerged.48 The importance of strategic 
framing for dialogue is paramount. This includes understanding the characteristics 
and dynamics of the political and economic institutions and how they operate in 
the country. It is important to appreciate how the linkages between ministries, 
commissions, and other relevant agencies function. In developing the CMV, it 
is critical to disentangle the various agencies and to allocate respective roles for 
implementing the AMV. Initial engagement with a country’s top leadership is 
essential so that leaders can assign an agency, preferably one linked to the head of 
state, to drive the process.

Another lesson is to appreciate how the country’s administration and regula-
tory processes intersect with mining, including allocation of mineral rights and 
management of impacts and revenue. While adequate legislation might exist, 
domestic political interests affect the coordination and capacity of institutions to 
function effectively, and this effect can become more pronounced where forceful 
regional or ethnic interests are at stake. Understanding the principles of the AMV 
is sometimes not enough, since these forces can take sway over proper project 
planning and allocation of resources. For example, the AMV emphasizes the need 
for infrastructure development, but domestic politics might influence the location 
or nature of that development. These same forces can act to supersede principles 
for regional cooperation in favor of satisfying a political or ethnic constituency.49

The nature of the strategic planning exercize is critical in this regard. If the 
voices advocating framing policy around the AMV are few, the prospects for trans-
formation will be dim. Strong domestic champions are needed to sway the policy 
elite. In many ways, the policy champions are as important as advocates with tech-
nical knowledge of the sector.

Strong national ownership of the CMV process also must be achieved. Although 
government-led, it must be inclusive enough to promote broad consensus on 
how to ensure that mining policies outlast political and electoral cycles. A multi-
stakeholder approach that takes into account the perspectives of civil society and 
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community-based organizations, local administrations, and the private sector is 
fundamental to promoting a realistic view of what benefits the extractives sector 
can deliver and how they can deliver them. The development of a CMV works 
best when it is steered by a multi-stakeholder coordinating body or task force 
dedicated to overseeing the entire process.

Mozambique case

Mozambique exemplifies a country that has embarked on policy and regulatory 
reform in the mining sector and has used the AMV to contribute to the process. 
Prior to adopting the AMV in 2009, Mozambique had ratified the Southern 
African Development Community Protocol on Mining in 2000 to create a sec-
tor that would contribute to economic development, poverty alleviation, and an 
improved standard and quality of life in the region.50 Then in 2013, the World 
Economic Forum, in collaboration with UNECA and UNDP Mozambique, 
held the Responsible Mineral Development Initiative roundtable in Maputo. 
The dialogue identified five areas for action: (1) increasing the skilled workforce 
through training programs; (2) making the Extractive Industries Transparency 
Initiative (EITI) a permanent forum for multi-stakeholder dialogue on the 
extractive sector; (3) prioritizing work on local content issues; (4) funding and 
implementing the Ministry of Mineral Resources communication strategy and 
outreach; and (5) improving integrated land-use and infrastructure planning.51

The outcomes of the roundtable informed the formulation of the country’s 
Mineral Resources Policy and Strategy (PERM), which was approved in 2013. 
The policy was drafted after discussions with a variety of ministries and institutions, 
including provincial governments, civil society organizations, and private sector 
partners and associations.

The Mining Law was approved by parliament in 2014 with the objective to 
regulate the use of mineral resources in accordance with the PERM.

As part of its program Extractive Industries for Sustainable Development in 
Mozambique, UNDP Mozambique conducted stakeholder policy dialogues in 
2016, one of which addressed the impact of declining mineral commodity prices 
on sustainable development.52

As a follow-up to the dialogue, the Ministry of Mineral Resources and Energy 
in Mozambique, with the support of UNDP Mozambique, developed the 
Implementation Plan of the Mineral Resources Policy and Strategy (PI PERM). 
The PI PERM was the fruit of consultations of many partners, including govern-
ment at central and provincial levels and all relevant ministries, the private sector, 
civil society organizations, women’s organizations, and academia.

The PI PERM, approved in 2017, was seen as an efficient tool for planning, 
strategy setting, program delivery, identification of partners and partnership build-
ing, and division of labor.53 The PI PERM can be considered as a CMV for 
Mozambique since it follows, to a large extent, the CMV process as described in the 
CMV Guidebook.54 Indeed, the Mozambican process started with the organization 
of (1) a high-level roundtable and dialogue on extractives; followed by (2) a review 
of existing legal, institutional and regulatory frameworks that led to the formulation 
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of the Policy and Strategy of Mineral Resources, significantly compatible with the 
AMV principles. The Implementation Plan (3) for integrating mining into national 
development visions and plans (the PI PERM) was then elaborated, informed by the 
outcomes of (4) dialogues, followed by (5) the elaboration of an effective commu-
nication strategy, and (6) the provision of technical support to stakeholders at local 
and national levels to facilitate consultations with local communities and national 
stakeholders.55 This led to the (7) enhancement of capacity for long-term visioning, 
strategy setting and integrated development and planning.

Several factors contributed to Mozambique’s success at domesticating the AMV: 
(1) high-level ownership of the process; (2) the presence of an active UNDP at 
the country level that served as a trusted broker and provided valuable technical 
and financial support to foster interinstitutional and intra-agency collaborations; 
multi-stakeholder dialogues; and intersectoral synergies to promote the AMV and 
to oversee the development of the PI PERM (the CMV); and (3) the emergence 
and proliferation of AMV champions at several levels, including government insti-
tutions and civil society organizations. The challenges ahead are to secure coordi-
nation commitment from all stakeholders in implementing the workplans agreed 
on; to earmark resources for interventions included in the PI PERM, and actual 
implementation of the PI PERM to achieve the sustainable development desired.

Shifting paradigms under the Africa Mining Vision

Busia and Akong stress that institutional processes under the AMV do not call for 
a business-as-usual approach. The AMV policy discourse goes beyond optimizing 
the revenue potential of mining by making improvements to legal and regulatory 
frameworks, tweaking mineral fiscal regimes, or creating a stable business environ-
ment. It opens space for a fundamental, structural change away from maximizing 
revenues toward harnessing mineral resources for broad-based development.56

Market volatility is recognized by scholars as the key problem plaguing an 
extractive-led development agenda. Commodity prices rise and fall, often in 
unpredictable patterns that create vulnerability, risks, and crises.57 Busia and Akong 
argue that the current commodity downturn presents an opportunity for African 
countries to implement the AMV as a forward-looking, multidimensional instru-
ment for change. Their analysis of the current crises facing the extractive sector 
in Africa concludes that disruptive events open windows of opportunity and are 
important drivers of paradigm shifts. “The outcomes depend on varied factors 
including how the AMV ideational foundation is capable of organizing interests, 
institutions, actors and power for change.”58

The trajectory of change under the AMV is inherently complex, dynamic, and 
difficult to predict. The AMDC’s evaluations of scenarios for change find that 
implementation of AMV in different countries will be non-linear and incremental. 
Although the ideational foundation of the AMV is sound, resistance to change by 
entrenched interests and actors is likely.59

For instance, development partners remain influential actors in policy develop-
ment and implementation across Africa. Whereas donor countries might advocate 
for global principles in line with the AMV, at the bilateral level they are wedded 
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to the enclave approach and push agendas disconnected to the goals of the AMV 
by pursuing specific interests on behalf of their national companies, such as tax 
concessions or shelter from indirect taxes (including customs or import duties). It 
is critical to have effective, consistent coordination and adherence to the principles 
of the AMV among all multilateral and bilateral donors and partners supporting the 
resources sector at the country level.

Transforming relationships from rents to sustainable revenue mobilization 
through productive and higher-value-adding activities also has the potential to 
threaten settled arrangements between business and politics. Leveraging the trans-
formative potential of minerals will require “nudging domestic elites—ruling, 
business and bureaucrats towards a shared vision and interests in taking advantage 
of mineral value chains.”60

Implementing the AMV at the country level ultimately relies on high-level 
government leadership to sensitize actors to change and articulate clear and effec-
tive pathways for transformation. The buy-in of key actors and agencies is needed 
so that ministries responsible for mineral development along with national devel-
opment authorities become owners and strong implementing agents of the AMV 
and domesticated CMVs.

Conclusion

The AMV has emerged as the primary strategy for positioning Africa’s extractive 
resources as a force for transforming the continent’s social and economic develop-
ment. The AMV is a unique undertaking: it represents the only continental initia-
tive to garner a cross-country, cross-sectorial, transformative plan of action for the 
mining sector.

In adopting the AMV, the AU set an ambitious and coordinated agenda that 
requires innovative ways to encourage the structural transformation needed to 
revise the externally driven revenue-first model of the mining sector. The scale 
and scope of the undertaking will take time, and the AMDC observed, its adoption 
across the continent is likely to be incremental and non-linear.61 Key to the AMV’s 
success is its presentation as a framework to guide governments, cross-sectorial 
agencies, and the private sector toward sustainable development outcomes from 
resource extraction. The multifaceted aspects of the AMV, which incorporate 
socioeconomic linkages, infrastructure development, diversification, and environ-
mental and social impacts, give it broad legitimacy among stakeholders.

The foundational proposition in formulating the AMV is that extractive 
resources in themselves are neither a blessing nor a curse. The most important fac-
tor in determining whether they will be a blessing or a curse is the country’s level 
of governance capacity and the existence of robust institutions. The AMV recog-
nizes, however, that governance is only one element in the array of challenges that 
must be addressed in formulating a policy for a development-oriented sector.62 The 
AMV also highlights the need for effective stakeholder engagement and participa-
tion, including industry and the private sector, international and regional financial 
institutions, government and social agencies and institutions, local communities, 
and non-governmental organizations.
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Mining minerals can evoke strong sentiments in African politics because of its 
historic linkage to colonialism and poor contribution to the continent’s develop-
ment. Given such a history, a high-level platform was necessary to effect a signifi-
cant departure from externally driven mineral development to an African-owned 
agenda. The AMV accomplished this challenge through the efforts of its founding 
leaders and the broad imprimatur that it has from the AU, UNECA, the African 
Development Bank, and UNDP. The implementation of the vision has been del-
egated to various institutional structures such as the AMDC and, at the national 
level, through the CMV process. Midlevel CMV processes must also have good 
communication with one another to ensure that resources are efficiently har-
nessed and to increase the potential for cross-border mineral infrastructure and 
development synergies in Africa.

The AMV has shifted the traditional discourse from a narrow narrative on max-
imizing revenues to the exploration of mechanisms that link mining with other 
sectors to maximize social and economic benefit. The AMV continues to gain 
legitimacy as the essential continent-wide framework to guide African countries in 
using their mineral endowment for sustainable economic and social development 
and to enable Africa to achieve a better place in the global economy.
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2 Evaluating conflict risks in Africa’s 
resource governance

Kathryn Sturman and Fitsum Weldegiorgis

In brief

 • The risks of conflict associated with extractive industries in Africa need 
to be factored in to policymaking in a more rigorous and informed man-
ner. More-accurate, disaggregated data is needed to evaluate the link 
between extractive activities and incidents of conflict at sub-national, 
national, and transnational levels.

 • To understand the varied types of resource conflict across Africa, it is 
necessary to grasp how political settlements shape the extractive indus-
tries (and vice versa). Politics plays a role in how resource conflict is 
perceived, addressed, and ultimately either resolved or made worse by 
regulation and policy.

 • Case studies of three countries in east Africa demonstrate the broad 
spectrum of conflict risks related to mineral and energy resources explo-
ration and production that exists in the continent.

 • Multi-stakeholder mechanisms for more-inclusive governance of natu-
ral resources can be used throughout the natural resource governance 
value chain to address the conflict risks at every level.

Introduction

The African Mining Vision (AMV) has become part of the “Africa rising” nar-
rative of the twenty-first century, in which demand for mineral resources is an 
economic driver of growth and sustainable development, breaking the cycle of 
poverty and conflict. The AMV Action Plan includes the objective to “eliminate 
human rights abuses and the possibility of natural resources fueling conflict.” To 
achieve this, it calls for action to “develop methodologies and tools for conflict risk 
analysis and mainstream them into planning frameworks.”1 Furthermore, the plan 
suggests that tenets of good resource governance such as principles of transparency, 



Evaluating conflict risks in Africa 29

stakeholder engagement, inclusivity, and benefit sharing (including revenues) also 
serve as peace-building strategies.

This chapter reviews the conflict risks associated with extractive industries in 
Africa at different levels of analysis: the local, regional, national, and transnational. It 
argues that the “good governance” mantra does not fully account for the complex-
ity of the relationship between extractive industries and conflict, and that prevent-
ing conflict between companies, communities, and governments is, above all, a 
delicate political balancing act. As we will see, models for engaging a broad range of 
actors in natural resource governance reach beyond government regulation of the 
environmental and social impacts of the sector to include multi-stakeholder efforts.

The balancing of interests needed to prevent conflict takes place in different 
venues, from the mine site and community meeting place to national and global 
forums. We will look at several examples in east Africa to see the variety of conflict 
risks associated with extractive industries in this region. Opportunities to reduce 
conflict in several countries depend on the relationship between stakeholders in 
government, the foreign and domestic private sectors, and civil society.

Between 2003 and 2013 east Africa became a frontier for nascent extractive 
industries, with new discoveries of oil in the Great Rift Valley, significant new 
offshore blocks of natural gas, and increased demand for minerals across the region. 
These opportunities arose in countries with less experience in the governance 
of mining and energy resources than the African mining and oil giants of south-
ern, west, or north Africa. As a result, the risk analysis in some of those coun-
tries distinguishes between preexisting conflict dynamics and new tensions around 
mineral development. The new investments are being developed primarily within 
fragile post-conflict societies and sometimes within zones of ongoing conflict. 
We will examine conflict risks and opportunities for conflict transformation in 
Mozambique, Kenya, and Rwanda.2

The conflict analysis in this chapter includes oil and gas exploration as well as 
mining, although the two sectors are regulated separately in most African jurisdic-
tions and have different impacts, positive and negative, on local communities. No 
regional blueprint like the AMV exists for the development of oil and gas in Africa, 
but many policy prescriptions for mining are relevant to the petroleum sector.

Revisiting resource conflict

Since the early 1990s a sizeable literature has challenged the previously domi-
nant view that natural resource endowments were an asset to developing countries 
and a prerequisite for industrialization.3 Termed the “resource curse” literature, 
these studies contend that the abundance of minerals or oil in a country increases 
the likelihood that it will experience negative economic, political, and social out-
comes. A subset of this literature pertains to resource conflict, and a review of that 
literature shows three main approaches:4

1 A geopolitical perspective, focusing on foreign interference in political settle-
ments and territorial disputes over resource-rich regions or offshore resources, 
as well as outcomes such as coups d’état, foreign backing of repressive regimes, 
or regime change.
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2 A political economy perspective, consisting primarily of quantitative political 
science and econometric studies that look for statistically proven patterns to 
mineral resource and conflict variables.

3 An ethnographic perspective, providing case studies at the country, commu-
nity, or site level and often yielding findings that are more contextually rich 
and nuanced.

Each type of research is relevant to a broad contextual understanding of conflict 
risks associated with extractive industries. The studies typically use the term resource 
conflict to describe either conflict over access to the revenues or rents generated 
by minerals, or conflict that is funded by these resources.5 When the conflict is 
protracted, both types of conflict can be present; an example would be Angola’s 
war economy of rebel-held diamonds and government-owned oil.6 These studies 
generally refer to conflict on the scale of a war, which can be referred to as “armed 
conflict” to distinguish it from other forms of conflict. Armed conflict is defined 
in the Uppsala conflict data program as “a contested incompatibility that concerns 
government and/or territory where the use of armed force between two parties 
results in at least 25 battle-related deaths in one calendar year.”7

Another branch of the literature deals with social conflict over the impacts 
of mining activities. Such conflict includes demonstrations, strikes, and block-
ades; damage to private or public infrastructure, equipment, and buildings; and 
injuries or deaths.8 These studies tend to focus on the role and responsibilities of 
large-scale, formal extractive industries in dealing with conflict that is within their 
sphere of influence. Companies are seldom seen as directly implicated in armed 
conflict on the scale of a civil war, such as the crisis in Bougainville, Papua New 
Guinea. Compared to studies of these types of conflict in Latin America and Asia 
Pacific, there is arguably less attention being paid to conflict associated with large-
scale mining in Africa than to the “resource conflict” associated with government 
corruption and exploitation of small-scale mining by armed groups.

A comprehensive analysis of conflict risks associated with extractive industries 
needs to span both of these branches of literature about the extractive industries. 
It needs to consider all stakeholders in the various forms of conflict, including the 
various levels of government and all forms of resource extraction from private 
sector mega-projects to informal, artisanal mining.

For example, Berman et al. find that mining activity in an area initially increases 
the probability of protests and low-level violence at the local level and then leads 
to violence across the territory as the financial capacity of armed groups increases. 
The authors’ analysis of data on conflict events and mining of fifteen minerals in all 
African countries from 1997 to 2010 concludes that the mining boom has contrib-
uted significantly to an increased risk of conflict in Africa.9

The use of data in this study is significant, in that it focuses on local conflict in 
close proximity to mining activities, across a wide sample. The analysis can thus 
drill down below the national level by putting two datasets together. The first is the 
armed conflict location and event dataset, based on reports from news agencies and 
humanitarian organizations and from research publications.10 The second is the raw 
materials data on the location of mining companies since 1980.11 The limitations of 
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both datasets are acknowledged in the study—namely, that news and other reporting 
of conflict varies by country and location and that artisanal and small-scale mines are 
not included in the mines data. Nevertheless, the importance of this kind of empirical 
study is that it allows for more evidence-based policymaking.

Understanding the full range of conflict risks associated with mining and oil 
and gas requires more accurate data about both the extent of resource exploration 
and extraction in Africa and the incidence of conflict.12 In addition to good data, 
contextual understanding of conflict dynamics is an essential part of risk analysis 
for the extractive industries.13 Most existing guidance for companies and govern-
ments makes this point about risk assessment before offering practical advice for 
conflict transformation.14 We will now consider a conceptual framework for a 
more comprehensive approach to understanding conflict risks associated with the 
extractive industries.

Conceptual framework: why politics matters

The concept of political settlements helps explain how stakeholders within govern-
ment, industry, and civil society interact in ways that increase or reduce conflict 
associated with the extractive industries.15 As defined by the United Kingdom’s 
Department for International Development, a political settlement is the “expres-
sion of a common understanding, usually forged between elites, about how power 
should be organised and exercised.”16 It is the outcome of bargaining and negotiation 
between elites and often the outcome of peace processes in war-to-peace transitions.17  
A political settlement is not a one-off event, but rather an ongoing process.

Khan has proposed a typology of political settlements to use in analyzing how 
different configurations of power determine levels of stability and growth in devel-
oping countries.18 The typology describes four configurations:

1 a weak dominant party that is vulnerable to strong lower-level factions within 
its ranks;

2 an authoritarian coalition in which a strong dominant party is vulnerable to 
strong excluded elites;

3 competitive parties alternating within a clientalist system, in which a weak 
democracy with numerous factions is inclusive but unstable; and

4 a potentially developmental coalition, which is stable with strong implementa-
tion capabilities.

While stressing that each context is different, the political settlements approach 
suggests that more-stable, more-inclusive agreements have better developmen-
tal outcomes than insecure ruling coalitions that need to distribute economic 
opportunities and benefits to ensure stability in the short term. The stability of 
the settlement is determined both by the horizontal inclusion of powerful elites 
and by vertical relations between strong elites and relatively weak (or acquies-
cent) constituencies.

Conflict is an aspect of change to political settlements. Figure 2.1 summarizes the 
relationship between political settlements, extractive industries, and conflict. Moving 
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clockwise from the lower left of the figure, we can make several observations  
about that relationship:

 • Conflict can be a pathway to a new political settlement involving several elite 
interests. The more inclusive the political settlement, and the weaker the 
actors excluded from that settlement (either horizontally at the elite level or 
vertically between elites and lower ranks), the more stable and enduring the 
settlement is likely to be.19 Conversely, the more exclusive the political settle-
ment and the stronger the excluded actors, the more likely it is that conflict 
will continue or reignite.

 • The nature of an existing political settlement determines how new oil or min-
ing sectors are developed, and this development in turn can change political 
settlements as new elite actors, interests, and ideas emerge. Power dynamics 
might shift between the ruling elite and a new business elite that benefits from 
extractives growth, or between those in control of the central government and 
sub-national actors in the resource-rich regions.20

 • The development of new oil, gas, or mining projects can cause or exacerbate 
conflict. Alternatively, it can provide incentives and opportunities to end or 
reduce conflict.21

The spatial dimension of mining is important to conflict analysis.22 Mining pro-
duces minerals from geographically fixed, often remote locations; these locations 
are unlikely to be the same place where benefits from mining are realized. In post-
conflict countries, new mining developments can revive old animosities, particu-
larly when the past conflict is a civil war with strong territorial dimensions. Mining 
can thus be a source of friction between national and sub-national actors.23

Figure 2.1 Relationship between the political settlement, extractive industries, and conflict



Evaluating conflict risks in Africa 33

In east Africa, the risk analysis focuses on four levels of conflict, which can be 
imagined as ripples spreading out from extractive projects: (1) localized conflict in 
the immediate vicinity of a single mining or hydrocarbons concession, or in a nearby 
town that is affected by the cumulative negative impacts (such as rapid in-migration) 
of several extractive projects in the region; (2) sub-national conflict within a resource-
rich province, county, or state within a country, such as a secessionist conflict;  
(3) wider-ranging conflict by armed groups that are sustained by or in pursuit of 
mineral revenues or rents and that pose a national security threat; and (4) illicit cross-
border trade in minerals from zones of conflict, which fuels further conflict by armed 
groups operating at a transnational level, such as in the Great Lakes region.

While in theory the distinction between national and sub-national dynam-
ics of power, distribution, and conflict threats might be clear in the resource-
conflict literature, a further distinction within the sub-national analysis is needed. 
Between the macro level of the nation-state in Africa and the micro level of the 
individual mine and its immediate surrounds, the cumulative impacts of multiple 
mining companies operating in an area—that is, their combined effect on soci-
ety, the economy, and the environment—are not well known.24 Considering 
the spatial dimensions of conflict associated with extractive industries, as well as 
the types of political settlement influencing stakeholders at each of the levels of 
analysis, provides for a more comprehensive analysis of conflict risks associated 
with extractive industries.

The next section analyzes conflict risks in three countries in east Africa and 
looks at how political settlements in each of these countries affect these risks in 
relation to extractive industries.

Cases of conflict risks in east African extractive industries

Mozambique

Although Mozambique is a country relatively new to extractive industries, the 
war that divided north from south after independence decades ago still influences 
governance of this sector. Coal mining and gas developments in the north are 
tightly controlled by the central government located in the south. Independence 
from Portugal in 1975 was followed by civil war until 1992 between the 
Mozambican Liberation Front (FRELIMO) and the Mozambican National 
Resistance (RENAMO). A one-party dominant political settlement emerged, 
with FRELIMO becoming weaker over time and vulnerable to renewed threats 
from RENAMO in recent years.

Mining of the rich coal deposits in Tete Province has brought both opportuni-
ties and challenges to the northwestern region of Mozambique. Three major min-
ing companies, two of which operate side by side in the Moatize district, resettled 
communities that were located near the mines, sparking protests.25 In January 2009 
the local conflict came to a head when protesters blocked the railway line that pro-
vided the only coal transportation route from Tete Province. Community leaders 
and civil society organizations attributed the cause of the unrest to grievances over 
the resettlement process, particularly the poor quality of housing that was provided 
for the resettled families in Cateme.26 As a result of these protests, community 
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resettlement has been the focus of attention for all stakeholders concerned with 
the social impacts of mining, as well as for the mining companies themselves. Civil 
society organizations have identified resettlement as the primary source of tension 
around mining in Tete Province. Related concerns include the lack of access to 
water and fertile land in the resettlement sites, as well as the loss of livelihoods 
caused by having to move to remote locations.27

Without detracting from the seriousness of existing resettlement challenges and 
other impacts of mining on a few local communities, it is safe to say that these 
disputes are likely to be only the tip of the iceberg for Tete Province. The large 
number of mining concessions granted across the region will make it very diffi-
cult to find suitable land for resettled communities. Being dependent on a single 
industry will make the city of Tete vulnerable to the cyclical nature of commodity 
prices, causing it to alternate between boom town and ghost town, depending on 
global commodity market.28

The city of Tete has already felt the cumulative negative impacts of mining 
exploration, construction, and production. Tensions have developed over the ris-
ing cost of living and poor quality of life (for example, increasing traffic volume 
and accidents, strain on water use, lack of housing, spread of infectious diseases 
from overcrowding, and increase in prostitution). The conflict risks at this level 
include sporadic protests over the rising cost of living and deteriorating social ser-
vices, violence triggered by migration and overcrowding, crime associated with 
unemployment and weakening of social norms, and political mobilization of disaf-
fected groups, particularly during elections in 2014.

More broadly, the resumption of armed attacks allegedly by the RENAMO on 
key transport corridors in 2013 raised the specter of renewed north–south conflict 
in Mozambique more than two decades after the civil war ended.29 The effects 
of politically motivated conflict on mining activities became apparent when two 
armed attacks took place on a truck and a bus. Although the incidents were unre-
lated to mining, they had the effect of stopping production. Rio Tinto suspended 
coal transportation from the Benga mine in Tete, fearing similar attacks.

The resurgence of organized resistance to the FRELIMO government, while 
not directly linked to mining, underscores the risk that the negative impacts of 
mining will foment discontent in a fragile, post-conflict society, one that lacks the 
political culture and institutions that would accommodate dissent from one-party 
dominance and elite interests.

Although Tete Province was always at the periphery of the war between 
RENAMO and FRELIMO, it is now at the center of Mozambique’s economic 
recovery and development plans. Media reports have drawn a link between the new 
revenues generated by mining for the Mozambique government and the oppor-
tunistic attacks on the road and rail infrastructure by groups that have not benefited 
from the mining boom.30 Situated far away from the seat of government in Maputo, 
Tete is vulnerable to the politicization of unrest motivated by both greed and griev-
ance. Timely and accurate analysis of the cumulative social impacts of coal mining 
throughout the northwest region of Mozambique is vital to averting wider conflict.

Handled badly, the changing dynamics between national and sub-national inter-
ests might cause conflict that is more serious and widespread than has been seen 
so far. Context-specific policy measures that are well implemented could prevent 
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conflict and ensure that these mining investments become a source of national, 
regional, and local development. But without multi-stakeholder efforts at eco-
nomic inclusion and political accommodation of marginalized actors, conflict is a 
serious risk to the resource-led growth and development strategy of Mozambique.

Kenya

Kenya faces unique constraints of history and geography that cannot be over-
come merely by applying “good governance” prescriptions. Postelection violence 
in 2008 led to a new constitution in 2010, which called for a two-tier system of 
government designed to improve the distribution of state resources and counter 
perceptions of ethnic power imbalances. The political settlement in Kenya is a 
competitive democracy, with elements of clientelism that political economists refer 
to as “crony capitalism.”31

Minerals, oil, and gas are located mostly in arid areas left largely underdeveloped 
by successive Kenyan governments. With the discovery of new resources, these 
areas remain susceptible to potential violence and armed conflict. Northern Kenya 
in particular has suffered from scarcity of water and pasture, which can lead to con-
flict between pastoralist groups in the region, especially in Turkana.32

Kenya’s proximity to warring neighbors also poses risks. Kenya is next door to 
countries with a history of armed conflict, and small arms are regularly smuggled 
across borders. The proliferation of arms feeds into ethnic violence and crime such 
as the theft of cattle, and the abundance of weapons has rendered the conflicts 
more protracted and complex. The discovery of resources could thus make matters 
worse, especially if local communities are left without a share of the attendant rents.

Oil has been discovered in the disputed region known as the Ilemi Triangle, 
which borders Ethiopia, Kenya, and South Sudan. The area has never been 
clearly demarcated, and press reports have suggested that South Sudan has been 
keen on instituting an international claim to the border area.33 Despite this tin-
derbox of problems, oil-based development could be a stabilizing factor if it 
increases employment opportunities and changes the region’s historically margin-
alized status.34 Although residents of Turkana have articulated their concerns and 
grievances with oil producers, their engagement remains fragmented and struc-
turally weak, particularly because most communities are situated in impoverished, 
remote, and often unstable locations.

The security of northeastern Kenya has been precarious since the early 1990s, 
when the war in Somalia sent waves of refugees into Kenya. Somali nationalism 
fanned irredentist claims for the unification of “Greater Somalia,” destabilizing the 
border region of Kenya.35 The continued insecurity of this region was cited by the 
Ugandan government in 2016 as one of the reasons for pulling out of an agreement 
with the Kenyan government to jointly develop an oil pipeline via a northern 
route to the port of Lamu.36

Offshore oil and gas exploration in northern Kenya has also been affected by a 
dispute with Somalia. The federal government of Somalia has taken Kenya to the 
International Court of Justice to determine the maritime boundary in the Indian 
Ocean. The Somali government claims six oil and gas exploration blocks that 
Kenya has already licensed to multinational companies.37 Regional security analysts 
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argue, however, that Kenya’s role in keeping Somalia’s current government in 
power is likely to dampen this conflict.38

Kenya’s political accommodation of ethnic conflict following the 2007 elec-
tion is being tested by oil and gas discoveries that have been linked to insecurity in 
coastal regions such as Lamu County and in arid northern regions such as Turkana, 
and it could be further threatened by terrorist attacks that have been carried out 
by Somalia’s al-Shabaab. Kenya’s boundary dispute with Somalia in the Indian 
Ocean encompasses the oil and gas exploration blocks referenced above, which are 
located in the disputed area of Lamu Basin; a quick resolution of this controversy 
will be necessary to avoid resource-fueled disputes that are even harder to mediate. 
The Ilemi Triangle, moreover, lies in the Tertiary Rift Basin, which stretches over 
three oil and gas exploration blocks. The discovery of minerals in Kwale County, 
among other regions, is likely to result in conflict and weak national cohesion if 
land use associated with mining or drilling negatively affects food security or water 
supply. All these concerns could act as catalysts to conflict.

Rwanda

Although it is not as resource rich as some of its neighbors, Rwanda has significant 
deposits of tungsten, coltan, and tin; it also enjoys relative stability and the capacity 
to implement long-term policy goals. The post-genocide political settlement in 
Rwanda has avoided the adversarial style of competitive party politics in favor of 
consensus building and suppression of ethnic mobilization.39 The result is a politi-
cal arrangement that pursues development as an important tool to maintain power 
and ensure stability.40 Rwanda’s political settlement has been described as devel-
opmental patrimonialism, referring to the ability of the ruling elite to centralize 
and channel economic rents into development.41 This most closely resembles the 
developmental coalition in Khan’s typology of political settlements.

Rwanda has extremely scarce land resources and is the second-most densely 
populated country in Africa, with 471 persons per square kilometer as of 2016.42 
In addition to population pressure, the inequitable distribution of land usually con-
trolled by elite groups has historically and increasingly been a cause of tension.43 
About 80 percent of the population survives off agriculture, using 78 percent of the 
total arable land area in Rwanda. The pressure on land use is a conflict risk to be 
factored in to plans to develop Rwanda’s mining industry, because approving land 
for mineral exploration and development is likely to displace rural communities.

Artisanal and small-scale mining in Rwanda has yet to emerge as a well-
organized and fully regulated economic sector. Formalizing the sector by estab-
lishing cooperatives or small private companies could provide a significant 
contribution to inclusive development, but only if the minerals mined on a 
small scale can be guaranteed as originating from within the country’s borders.

Over the past fifteen years, Rwanda has been under intense international scru-
tiny over the cross-border minerals trade from the eastern Democratic Republic of 
the Congo (DRC). After Rwandan and Ugandan troops withdrew from the Kivus 
and Ituri regions at the end of the Second Congo War in 2003, there were reports 
of minerals and gold from these regions being smuggled into Rwanda, where they 
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were then exported to other countries, with the proceeds used to support armed 
groups’ attacks on civilians in the DRC.44 It has since become imperative for 
Rwanda to disassociate its mining industry from the narrative of conflict dynamics 
that has emerged in the region.45 Perks argues that security concerns “dominate the 
policy dialogue concerning mineral development in Rwanda” and divert attention 
away from the economic potential of the sector.46

In November 2006 the twelve members of the International Conference on the 
Great Lakes Region, including Rwanda, signed a protocol against illegal exploita-
tion of natural resources.47 Four years later the Rwandan government, in collabo-
ration with the International Tin Research Institute (ITRI), adopted the ITRI Tin 
Supply Certification initiative to meet the new United States’ Dodd-Frank Act 
requirements.48 ITRI reported that, as of 2013, all registered mine sites in Rwanda 
were covered by the initiative and received certification tags. For the artisanal and 
small-mining sector, a voluntary Certified Trading Chains in Mineral Production 
program was launched in Rwanda in 2008 to encourage transparency and respon-
sible mining practices.49

In complying with the tin certification and other initiatives, Rwanda’s govern-
ment and mining industry stand to gain the confidence of investors, buyers, and 
other stakeholders.50 The interests of these political and business elites are thus 
aligned with both the national interest and the livelihood needs of miners.

Yet because the stakes are so high for Rwanda to prove that it is not launder-
ing minerals from the DRC, there might be incentives to suppress evidence to 
the contrary. Like anticorruption campaigns in the public sector, the certification 
process needs to be able to withstand overt and covert political pressure as well as 
having the technical and institutional capacity to detect wrongdoing.

As long as the price for certified minerals from Rwanda is higher than the price 
for uncertified minerals from the DRC, the incentive to disguise one for the other 
exists. With the cost of the tagging process passed on to producers within Rwanda, 
there might also be a perverse incentive for some to recoup these costs on the black 
market. Rather than shy away from the politics of managing the conflict risks, 
policymakers should address the underlying dynamics of the problem in addition 
to supporting technical solutions.

Governance mechanisms for addressing conflict risks  
at different levels

The regulation of mining and petroleum exploration and production is an impor-
tant task for the legislative and executive arms of government in each of the coun-
tries discussed above. A different level of governance is required, however, to 
address most of the complex conflict risks associated with the extractive industries. 
Multi-stakeholder engagement distinguishes “governance” from “government” in 
these cases. Public participation can be fostered in many ways to increase transpar-
ency and perceptions of fairness and to reduce resource conflict.

The Natural Resource Governance Institute has developed a governance value 
chain to describe the stages through which the full value of an extractive resource 
can be managed.51 As discussed below, the value chain has five stages, starting with 
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the decision to mine and ending with the investment of the proceeds. In each 
of the five stages, conflict risks can be mitigated through various mechanisms for 
greater transparency and public participation in resource governance.

Deciding to extract

Recognition of indigenous or communal land and water rights, and in a few coun-
tries mineral rights, can be regarded as the first step in the value chain for ensuring 
community participation in natural resource governance. This legal recognition 
gives communities the right to decide whether to permit extraction on their land 
and to determine use of their natural resources such as water. The International 
Labour Organization’s Indigenous and Tribal Peoples Convention is the key 
instrument enshrining these rights, although controversy over the definition of 
“indigenous” in the African context has impeded adoption of this instrument.

In 2009 the Economic Community of West African States issued a directive on 
mining, which held that the principle of free, prior, and informed consent applies 
to all communities in Africa (since they’re all considered indigenous). In west 
Africa, Oxfam and the Wassa Association of Communities Affected by Mining 
(WACAM) are lobbying national governments to ratify the mining directive and 
incorporate it into national law to empower local communities.

In addition to legal recognition of land rights, integrated land use planning is 
a political and administrative process designed to guide the orderly occupation 
and sustainable use of land considering economic, sociocultural, environmental, 
and institutional factors. It is a vital tool for managing competing interests and 
mitigating conflict over scarce natural resources. Integrated land use planning 
should include community development concerns at the earliest stage of deciding 
whether to extract minerals within a defined area. Local government has an espe-
cially important role to play in integrating extractive projects and their economic 
linkages with competing land uses and environmental concerns in the region under 
its jurisdiction.

The importance of engaging with communities as early as possible in extractive 
projects is now widely recognized by industry. Strong relationships based on trust 
and mutual benefit usually evolve over a long period of time. Engagement dur-
ing the exploration stage also provides an opportunity for companies to positively 
influence the community’s perception of a project. Furthermore, the longer that 
companies or governments wait to consult with communities, the more likely it 
is that expectations about impacts (both positive and negative) will be unrealistic. 
This is particularly the case for large and complex projects.

Getting a good deal

Public participation in designing the regulatory framework for extractive indus-
tries occurs primarily through government consultation, formal dialogue, and par-
liamentary public hearings. In post-conflict countries, public participation might 
have taken place in reaching a peace agreement or political settlement that includes 
natural resource governance arrangements.
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Community development agreements between extractive companies and 
affected communities are becoming increasingly common. The negotiation pro-
cess for these agreements can build relationships that not only help parties benefit 
from project development, but also promote equality, fairness, and conflict avoid-
ance and resolution.52 The agreements take many forms, depending on the juris-
dictions in which they are negotiated. Indigenous land use agreements have been 
used to preserve native title rights in Australia, and other voluntary agreements 
are used in Canada, Ghana, Papua New Guinea, and South Africa. Community 
development agreements are being mandated as part of national resource govern-
ance frameworks in Guinea, Kenya, Mozambique, Nigeria, Sierra Leone, South 
Sudan, and South Africa.53

Community-based natural resource management allows the community to 
decide how to manage and capture the benefits of resources located on com-
munal lands. It has been applied mostly to renewable natural resources such as 
land, water, forests, fishing grounds, and wildlife. Examples include community 
forests in Cameroon, village forest reserves in Tanzania, and community-run wild-
life tourism ventures in Kenya. Community-based management can be used in 
dealing with the environmental impacts of mining and oil and gas extraction, and 
in resolving conflicts between communities and extractive industries over fishing 
grounds (especially offshore oil and gas), hunting grounds, arable land, and water.

Grievance mechanisms are now widely adopted by extractive companies and 
are recommended by organizations such as the International Finance Corporation 
and the UN. The UN Guiding Principles on Business and Human Rights, for 
example, promotes the use of grievance mechanisms by companies at the opera-
tional level (at the site of extraction for mining and petroleum companies), and 
offers eight criteria for judging their effectiveness. Some scholars caution, how-
ever, that community grievance mechanisms are unlikely to be effective in politi-
cally repressive contexts where people are extremely fearful of speaking out against 
national development projects.54 There also remains a need for grievance mecha-
nisms that are less reactive and more preventive in nature. The issues of anonymity 
and whistleblower protection need to be addressed more effectively as well.

Ensuring transparency

The Extractive Industries Transparency Initiative (EITI) provides for multi- 
stakeholder governance of extractive industries, in order to promote greater trans-
parency among government, industry, and civil society on how natural resources 
can be harnessed for sustainable development.55 Half of the countries implementing 
the EITI are in Africa, and multi-stakeholder groups developed by the EITI oper-
ate in key mining countries such as the DRC, Ghana, Tanzania, and Zambia. As a 
natural progression from its revenue transparency initiative, the EITI has inspired a 
global campaign for contract transparency in the extractive industries.

Certification schemes for the traceability of minerals in conflict-affected and 
post-conflict areas have become important instruments for ensuring greater trans-
parency and due diligence of mineral supply chains. The jewelry market for 
diamonds and colored gemstones, including emeralds from Zambia, sapphires 
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from Madagascar, and rubies from Mozambique, is particularly well suited to 
these consumer-focused campaigns. It is more difficult to trace gold to a single 
source than gemstones, but its widespread availability offers many opportunities 
to engage with conflict-affected communities through certification projects.

Managing volatile resources

Sovereign wealth funds are designed to save a portion of natural resource revenues 
for future generations, and stabilization funds are macroeconomic tools for stabi-
lizing public expenditure in resource-dependent countries during the boom-bust 
commodity cycles. These funds provide important policy options for most resource-
rich countries, although it has been difficult to implement these policies successfully 
in countries such as Chad with highly insecure governments.56 Stabilization funds 
might also be used to secure sub-national development and to reduce conflict aris-
ing from fluctuations in resource revenues allocated to local government through 
revenue-sharing arrangements. Community trusts, foundations, and funds set up by 
mining and oil and gas companies provide for community investment, compensa-
tion to mitigate negative impacts, and the distribution of government payments 
such as royalties to communities. Community participation in these mechanisms 
can be achieved through representative governance structures and co-financing 
arrangements and in the project design. Community participation is also important 
in planning for closure at the end of the mine life or for unexpected events such as 
commodity price drops, natural disasters, or social unrest.

Investing for sustainable development

Public participation in government budget processes helps ensure that resource rev-
enues are invested for sustainable development. Such engagement should happen 
at the national, state or provincial, and local government level, although national 
budgets, given their complexity, should be summarized and explained to facilitate 
community participation. Participatory planning methods, which are widely used 
internationally, help identify development needs, set priorities, and reduce conflict 
over benefit sharing within the community. By involving a broad range of com-
munity members, such as women, youth, older people, and people from minority 
groups, participatory methods can ensure that development plans are relevant to 
many sectors of the community.

Finally, local content provisions in mining and petroleum laws, contract require-
ments, and company policies function as key mechanisms both for mitigating 
conflict risks posed by community opposition to extractive projects and for peace 
building through economic development of conflict-affected regions or countries. 
For example, procurement from local suppliers provides income for local commu-
nities, and also strengthens local business capacity to in turn promote peace building.

Conclusion

The examples of conflict risks discussed in this chapter illustrate the variety and 
complexity of risks within a country, region, and even over the course of a project, 
from exploration to production. The types of conflict risks include the following:
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 • Armed attacks on exploration activities in regions where sub-national groups 
perceive the national government and foreign companies to be stealing what 
is rightfully theirs.

 • Protests over resettlement issues by local communities displaced by the con-
struction of mines.

 • Threats to property and violence when large-scale mining companies seek to 
secure their concessions from artisanal, small-scale miners and when informal 
miners are displaced by the licensing and development of formal projects.

 • Conflict over the threat of negative environmental impacts by extractive 
industries, such as land and water stress and loss of pasture for livestock.

 • Minerals mined illegally in zones of conflict, then smuggled across borders so 
that they can enter the legal chain of production in a neighboring country, 
thereby harming the export industry of that country and prolonging the war 
economy where the minerals originate.

 • Disputes between national and sub-national levels of government over the 
share of resource revenues allocated to each, as well as local protests over 
wasteful or corrupt spending of resource revenues.

A focus on political settlements provides a new lens through which to evaluate 
issues raised in the resource-curse and resource-conflict literature. The political 
settlements perspective also clarifies the need for a more open, inclusive national 
dialogue about how to prevent conflict associated with large- and small-scale min-
ing operations, whether formal and informal, and with oil and gas exploration 
and production. This dialogue is an inherently political process that should be 
acknowledged as such by internal and external actors alike.

African governments, domestic and foreign companies, and other stakehold-
ers need to adopt more multi-stakeholder governance mechanisms to address the 
conflict risks associated with resource extraction. Further research in this area could 
contribute to the AMV Action Plan’s call for the African Union Commission “to 
integrate the peace and security dimensions of natural resources into its existing 
conflict prevention and early warning” mandate.57 This policy development could 
be a valuable step toward ensuring that Africa’s extractive industries are an engine 
for economic growth and for building peace.
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3 Chinese mining in Africa and its 
global controversy

Barry Sautman and Yan Hairong

In brief

 • Chinese mining in Africa has been widely misconceived in terms of 
scale and characteristics. Based on research and fieldwork in Zambia’s 
Copper-Cobalt Belt from 2007 to 2015, we find that Chinese mining firms 
in Africa exploit resources and labor in much the same way that non- 
Chinese companies do. Chinese firms have distinctive features, however.

 • We dispute the centerpiece of the discourse on Chinese mining in 
Africa, a 2011 report on Chinese copper mining in Zambia by Human 
Rights Watch, and show the report is empirically inaccurate and con-
ceptually flawed.

 • Chinese mining in Africa is not what Human Rights Watch claims it to 
be, but that does not mean that all is well. Fundamental problems exist 
and pertain to mining generally and mining in Africa specifically.

 • Our 2014 survey of mine workers in Zambia found that the overwhelm-
ing majority see national ownership of mining assets as beneficial for 
overall development in Zambia and for the livelihood of mineworkers.

Introduction

Media reports of Chinese mining in Africa since the beginning of the twenty-first 
century have accused China of many evils, such as plundering the continent’s 
resources, denying jobs to Africans, harming the environment, and botching infra-
structure projects.1 Controversy over Chinese firms has focused especially, but not 
exclusively, on copper mining in Zambia, the oldest and most developed Chinese 
investment in African minerals production, which began in the late 1990s.2

Having conducted research and fieldwork in Zambia’s Copper-Cobalt Belt from 
2007 to 2015, we find that Chinese mining firms in Africa exploit resources and 
labor in much the same way that non-Chinese companies do. Chinese firms have 
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distinctive features, however. Some of these are legacies of socialism, while others 
reflect current policies, such as a reluctance to reduce employment even during 
price downturns for fear of impairing relations with African countries.3 Chinese 
firms have established mineral processing facilities in Africa and built infrastructure 
to support mining operations and transportation of minerals for export.4 Some of 
these ventures might not always abide by Western norms of profit maximization.

In this chapter we dispute the centerpiece of the discourse on Chinese mining 
in Africa, a 2011 report on Chinese copper mining in Zambia by Human Rights 
Watch (HRW), a prominent non-governmental organization based in the United 
States.5 That report, which described labor practices by Chinese state-owned firms, 
received global media coverage and is viewed as a reliable appraisal of how Chinese 
firms operate in Africa. We show that the report is empirically inaccurate and con-
ceptually flawed. The discourse of China in Africa, we argue, is based on Western 
perceptions of a global strategic competition with the Chinese state.

Chinese investment in the world and in Africa

The notion that China is buying up the world is persistent.6 In fact, Chinese invest-
ment abroad, as a proportion of its domestic economy and in absolute terms, is far 
less than that of Western countries. In 2015 the stock, or cumulative assets, of U.S. 
outbound foreign direct investment (OFDI) equaled 33 percent of U.S. GDP; in 
France and the United Kingdom, the proportion was 54 percent, and in Canada, 
70 percent. China’s OFDI, however, was only 9 percent of its GDP. The stock of 
Chinese OFDI in that year was $1 trillion, or 4 percent, of the almost $25 trillion 
in OFDI worldwide. This amount was less than that of France ($1.25 trillion; 5 
percent) and the United Kingdom ($1.56 trillion; 6 percent) and much less than 
that of the United States (about $6 trillion; 24 percent).7 Yet, despite the common 
assertion of an overwhelming Chinese presence in African economies, the share of 
Chinese OFDI in sub-Saharan Africa’s aggregate gross fixed capital stock was only 
0.78 percent in 2012.8

The same investment profile applies to Chinese assets in Africa. Most for-
eign direct investment in the continent is, as it has long been, from Western 
states. In 2014 China’s investment in Africa was $32 billion, whereas France’s was  
$52 billion, the United Kingdom’s was $66 billion, and the United States’ was 
$64 billion.9 Thus, of the $712 billion stock of foreign direct investment in Africa 
in 2014, China’s share was 4. percent and less than 5 percent of China’s stock of 
investment around the globe.10

Both Chinese and Western investors are drawn to resource-rich countries in 
Africa, but Chinese OFDI is not mainly in natural resources, no more so than 
Western investment is. For example, 66 percent of U.S. OFDI in Africa goes into 
mining, while only 28 percent of Chinese OFDI in Africa goes to that sector.11 
As discussed further below, Chinese firms invest chiefly in the manufacturing and 
services sectors, preferring politically stable countries with skilled labor markets and 
divided almost equally between countries with good governance and poor govern-
ance, the latter being those that Western firms tend to avoid.12 Chinese OFDI in 
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Africa is also geographically concentrated, with 62 percent of its stock in 8 states: 
South Africa ($4.4 billion), Zambia ($2.2 billion), Nigeria ($2.1 billion), Angola 
($1.6 billion), Algeria ($1.5 billion), Sudan ($1.5 billion), Zimbabwe ($1.5 billion), 
and Democratic Republic of the Congo (DRC; $1.1 billion).13

Chinese investment in Africa in 2013 was spread across various sectors: extrac-
tive industry (30.6 percent), construction (16.4 percent), finance (19.5 percent), 
manufacturing (15.3 percent), and other (technology, media, telecoms, agricul-
ture, etc.; 18.2 percent).14 Privately owned enterprises accounted for 10 percent 
of Chinese investment stock in Africa in 2014 but performed 53 percent of all 
Chinese projects there. The discrepancy derives from sectoral differences: Chinese 
state-owned enterprises invest mainly in construction (42 percent) and mining (22 
percent), whereas private firms concentrate in trade and logistics (24 percent) and 
manufacturing (31 percent).15

Chinese investment in medium- to large-scale  
African mining

The largest firms in African mining are BHP Billiton (United Kingdom/Australia), 
Rio Tinto (United Kingdom/Australia), Anglo American (South Africa/
United Kingdom), Xstrata (United Kingdom/Swiss), and Barrick (Canada).16 
Three-fourths of the world’s mining companies (about 1,300 firms) are based 
in Canada.17 In 2015 Canadian companies had $31.3 billion invested in min-
ing assets in Africa.18 In 2014–2015, 236 Australian companies had $30 billion 
invested in African mining.19 At the end of 2013, Chinese mining investments in 
Africa represented about $7 billion of the $26 billion invested there.20 Chinese 
mining investment in Africa was thus less than one-fourth the amount invested 
by Canadian and Australian mining firms.21

Chinese OFDI stock in African mining in 2013 was less than 1 percent of 
China’s worldwide OFDI and 12 percent of Chinese OFDI mining investment 
worldwide.22 Fairly low investment in African mining arguably fits China’s profile 
as a mining country: China consumes a lot of metal, but it produces a lot of metal; it 
thus does not actually need to acquire a lot of metal from Africa for domestic con-
sumption. China consumed 25 percent of world metals production in 2011, and 
domestically produced, in 2009, 15 percent of the world’s iron ore and half its cok-
ing coal.23 China’s domestic production of gold, zinc, lead, molybdenum, iron ore, 
coal, tin, tungsten, rare earths, graphite, vanadium, antimony, and phosphate were, 
in 2014, first in the world; its production of copper, silver, cobalt, manganese, 
and bauxite/alumina was second in the world.24 Yet in 2011 Chinese companies 
accounted for just 3 percent of the global mining value, compared to firms from 
the European Union (14.3 percent), Australia (8.9 percent), Brazil (8.3 percent), 
Canada (7.2 percent), and the United States (5.6 percent).25 Chinese firms control 
less than 1 percent of total world mine production outside China.26

The scale of Chinese mining in Africa has grown since the start of the twenty-
first century in terms of major assets in Africa, number of projects (registered and 
informal), and geographical spread (see Figures 3.1 and 3.2) and includes both 
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Figure 3.1 Numbers of Chinese company major mining projects in Africa by year

Source: Vladimir Basov, “The Chinese Scramble to Mine Africa,” December 15, 2015, www.mining.
com/feature-chinas-scramble-for-africa/

registered and informal or unregistered operations. The increase has occurred 
in part because China’s own mining resources have faced depletion and because 
Chinese companies have greater tolerance for risk and political uncertainty than 
their Western counterparts.27

Chinese investment in African mining is in diverse minerals: bauxite, chrome, 
copper, iron ore, manganese, nickel, platinum, and uranium. As Figure 3.2 shows, 
Chinese mining projects are in at least eighteen African countries; about one-third 
of Chinese mining investment is in one country—Zambia—concentrated in four 
operations. Since Chinese firms are latecomers to Africa, their mining assets tend to 
be more marginal and less profitable than those of Western companies. That is in 
keeping with a general trend of Chinese companies abroad: they are more likely to 
lose money than other foreign investors—some 65 percent of Chinese investments 
do, as against a world average for OFDI of 50 percent.28

An example is the China Non-Ferrous Metal Mining Co. (CNMC). In 
1998 it set up the Non-Ferrous Company Africa (NFCA) and bought the first 
Chinese-owned mine on the continent, Zambia’s mothballed Chambishi mine. 
Rehabilitation of the mine, low copper prices, and inexperience in Africa caused 
NFCA to lose money until 2005. From 2006 to 2011 matters improved, and 
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NFCA made a total of $200 million in profits.29 From 2012 to 2014 NFCA, in 
addition to CNMC’s other properties in Zambia (Luanshya mine, Chambishi cop-
per smelter, and Sino Metals Leaching), made a total of $312 million in profits, 
but in 2015 it sustained a $280 million loss.30 Overall, then, CNMC in Zambia 
has at best made a small profit, but given its expenditure of hundreds of millions 
of dollars for mine and smelter rehabilitation, expansion, and building, it has more 
likely sustained a loss.

Due to low prices of non-precious metals—copper yielded $10,000 a ton in 
2011 but fell to $4,300 in 2016—many Chinese mining firms in Africa have been 
in straitened circumstances since at least 2015.31 Chinese investment in mining 
in Africa is nevertheless going forward, as it did during the global financial crisis 
of 2008–2009.32 Chinese companies then acquired mining assets from retreating 
Western firms, such as Luanshya mine in Zambia, which had been abandoned 
almost overnight by its Swiss owner. CNMC bought the mine, hired back all laid-
off employees, and added a thousand more workers.33

In the current commodities downturn, China’s Zijin Mining Group Co. 
acquired from Canada’s Ivanhoe mines in 2015 a half interest in the Kamoa copper 
project in the DRC. It also bought a 60 percent ownership interest in Australia’s 
NKWE Platinum, owner of the Bushveld Complex in South Africa. China’s 
Shandong Iron and Steel purchased from the United Kingdom’s African Minerals 
an additional 75 percent stake in Sierra Leone’s Tonkolili iron ore mine and now 
owns 100 percent. In 2016 CNMC announced it would build two major smelters 
in the DRC.34 Chinese projects in the DRC were then almost the only ones hiring 
in the mining sector.35

Contrary to popular belief in the West, extensive local hiring does take place 
at Chinese-owned enterprises in Africa, including mines, as shown by a recent 
survey of one thousand Chinese enterprises in Africa, where local employment 
averaged 86 percent of workforces.36 Manufacturing is the most labor-intensive 
sector—in 2013–2014, 61 percent of jobs created by 156 Chinese greenfield 
investments in Africa were in that sector—and mining is capital intensive, with 
a $250,000 investment needed to produce one mining job in Zambia.37 CNMC 
had 6,841 employees in 2014, of which 6,335 were Zambians and Congolese and 
506 were Chinese—a 93 percent localization rate.38 Another state-owned enter-
prise, Jinchuan, had 779 employees in 2013 at its Chibuluma mine in Zambia: 777 
Zambians and 2 Chinese, a 99.9 percent localization rate.39 The privately owned 
Collum coal mine had 800 Zambians and 70 Chinese in 2012, a 91 percent locali-
zation rate.40

Large state-owned firms remain central to Chinese mining in Africa. Recently, 
however, private concerns of various sizes have become active. Chinese mining 
firms were once strangers in the eyes of Africans but are now becoming more 
common as investors. They have joined chambers of mines and increasingly oper-
ate like other foreign firms in terms of labor relations and environmental practices. 
Whether this observance of Western norms benefits Africans is debatable, but even 
as they conform to international practices, Chinese mining firms in Africa remain 
controversial, as seen through the long-running discourse about Chinese mining 
in Zambia, discussed below.
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The discourse of Chinese copper mining in Zambia

In Europe’s financial crisis, Greece’s practices have been called the worst. Northern 
European politicians and media portrayed Greeks as tax evaders, antibusiness, 
lazy, and corrupt. Although Greece has its problems, Richard Parker, Harvard 
professor of public policy, did a study that found such “moralizing clichés” inac-
curate, because (1) Greek taxes are more than a third of GDP, but that is near 
Europe’s average; (2) Greece has more small entrepreneurs per capita than any 
other European country; (3) Greek government workers are a fifth of Greece’s 
total labor force, but that is Europe’s average; and (4) corruption in Greece is not 
generalized, but highly concentrated in the health sector.41

Not just Greece, but other southern European countries are also blamed for the 
European financial crisis. Northern European elites, self-representing their peo-
ples as virtuous and casting southern Europeans as problematic, effectively divided 
Europe into two “classes” and “center-right” northern European governments 
(Germany, France, United Kingdom) denigrated southern European “center-
left” ideas.42 Instances of racism against southern Europeans in northern European 
media have occurred; for example, a column in the major German news magazine 
Der Spiegel blamed the fact that a cruise ship ran aground in the Mediterranean 
on its having an Italian captain.43 The northern European discourse of southern 
Europeans exemplifies the inaccuracies that underpin sweeping generalizations 
about supposed practices of whole countries and peoples. Social science’s tasks 
include adding to knowledge of social phenomena and interrogating empirically, 
methodologically, and politically the dominant “regimes of truth.”

Our analysis of the discourse on Chinese copper mining in Zambia centers on a 
well-publicized 2011 report by HRW, whose stated purpose was to determine the 
human rights implications of Chinese investments in Africa. The report reviewed 
labor practices of the four CNMC firms in Zambia that operate Chambishi and 
Luanshya mines and two smelters. HRW said that the case study served as “a mag-
nifying lens” that was intended to “begin to paint a picture of China’s broader role 
in Africa.”44 Thus it used the activities of one Chinese mining company in Africa 
to represent the whole of Chinese investment in the continent. Even were HRW’s 
contentions accurate, its “magnifying lens” claim would still amount to the classic 
fallacy of composition: that something is true of the whole from the fact that it is 
true of a part of the whole.

HRW conflated Chinese state-owned enterprises with the Chinese state 
by imputing CNMC’s activities to the Chinese government or to the coun-
try itself. But the governmental body that oversees central-government-owned 
firms, China’s State Asset Supervision and Administration Commission, does not 
administer subsidiaries of those firms abroad. Indeed, in 2011 the commission was 
still struggling to identify those assets, since China had considerably expanded  
its state-owned portfolio in the decade before the HRW report.45 Moreover, 
many state-owned firms privatize their overseas operations, either for economic 
reasons or because of local law, such as the one in Zambia that disallows registra-
tion of state-owned firms.46 The Chinese government thus has no legal responsi-
bility for overseeing such operations.
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Foreign firms accounted for 89 percent of Zambia copper output, but CNMC 
firms contributed only 6.6 percent of the 481,000 tonnes produced by foreign firms 
in 2010.47 HRW’s report focused only on Chinese-owned mining facilities even 
though other foreign concerns were more important to Zambian mining. Those 
companies include Vedanta, owned by the United Kingdom and India (Konkola 
copper mine); Glencore, of Switzerland (Mopani copper mines); First Quantum 
Minerals, of Canada (Kansanshi mine); and Equinox, owned by Australia and 
Canada (Lumwana mine).

The HRW report relied mainly on interviews with miners from Chinese and 
non-Chinese corporations, but its sampling was highly problematic. Miners who 
had worked at both non-Chinese and Chinese firms said safety conditions at the 
latter were worse. What HRW did not reveal was that the forty-eight interviewed 
miners from non-Chinese operations were permanent employees of these “other 
multinational mining operations” and not contract workers for the Zambian com-
panies that supply contract workers.48 The interviewees were thus not representa-
tive of these mines’ workforces, which were (and are) composed of either a strong 
minority or a majority of contract laborers. Contract miners at non-Chinese-
owned mines are paid much less and work in worse conditions than the permanent 
employees who were interviewed by HRW. If HRW had interviewed contract 
miners, the story would have been different.

HRW also failed to contextualize its own research: that it was conducted at a 
time of strong anti-Chinese sentiment in Zambia’s politics. Such sentiment had 
been building since 2006, stirred by the Yellow Peril invective from Michael Sata, 
Guy Scott, and other leaders of the opposition Patriotic Front, which was intended 
to discredit the then putatively pro-Chinese ruling party.49 The Patriotic Front 
took power in 2011, just before the HRW issued its report. The HRW inter-
viewees’ observations should have been placed in the context of the anti-Chinese 
racial animus that pervaded Zambia’s Copper-Cobalt Belt, which was evident in 
our own interviews of miners.50 Zambian miners were the stronghold of a party 
that rose to prominence on an anti-Chinese platform, and some of them displayed 
explicitly anti-Chinese slogans in strikes.51 These miners’ observations and percep-
tions about their situations in Chinese-owned mines were likely shaped by the 
anti-Chinese campaign, continuous since 2006.

HRW also argued that compared with Western-operated mining firms in 
Zambia, CNMC mines had the worst safety standards and pay. It averred that 
Chinese-owned firms trivialized safety concerns and imported low labor stand-
ards from the home country. These allegations poured fuel on the fire of anti-
Chinese sentiment, contributing to the negative Western “China in Africa” 
discourse by echoing longstanding stereotypes about Chinese cruelty and disre-
gard for human life.

The effects of the HRW report were immediate. Thousands of news sources 
around the world reported on the organization’s findings, and millions of inter-
net documents discussed them. While a few websites in Africa and Asia carried a 
debate spurred by our critique, the HRW report dominated public attention and 
perpetuated the negative discourse about Chinese mining in Africa.52
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Safety at Chinese- and other foreign-owned  
copper mines in Zambia

In assessing safety, the HRW report relied on interviewees’ perceptions, whereas 
we argue that the industry standard—that is, fatalities—should be used as a start-
ing point. According to this standard, Chinese firms’ safety record was the same 
or better than other foreign firms.53 Data we gathered from Zambia’s Mine Safety 
Department showed that CNMC mines’ share of fatalities from 2001 to 2011 
almost equaled CNMC’s share of the total copper mining workforce in those 
years. From 2001 to 2008 CNMC had 7.2 percent of the total copper mining 
workforce and 8.2 percent of total copper mining deaths; from 2009 to 2011 the 
proportion of CNMC fatalities increased as the firm expanded its mines, mine 
construction often being more unsafe than mineral extraction.54

Safety comparisons must also consider factors beyond the fatality rate—
namely, the characteristics of mines being compared, particularly whether they 
are underground or surface (open-pit) mines. The latter are much safer than 
the former. For example, in the United States the death rate for underground 
mines is three times higher than for surface mines; most of the deaths are caused 
by falling and bursting rocks.55 The deeper the underground mine, moreover, 
the more dangerous it is apt to be. In the 2010–2011 period covered by HRW, 
CNMC was the one foreign company in Zambia that had only underground 
mines, and they were fairly deep. Other foreign firms had mines that were sur-
face only or a combination of surface and underground. Despite the fact that 
Chinese firms had underground mines, they basically achieved a fatality rate as 
low as other companies.

The HRW report ignored other safety-related factors: Due to long-term clo-
sures under previous owners, Chinese-owned mines drew from a labor pool with 
less experience and thus less skill compared to other mines. Less-skilled, less-
experienced workers are more likely to be involved in fatal accidents than their 
more-skilled, more-experienced counterparts.56 HRW thus constructed a false 
Chinese versus non-Chinese dichotomy on safety. When we examine the factors 
mentioned above, including fatality rates and characteristics of mines, HRW’s 
claim does not hold up. Overall safety at CNMC-owned mines in Zambia was 
not markedly worse than at other mines.

Pay at Chinese- and other foreign-owned  
copper mines in Zambia

HRW reported that CNMC firms paid as little as one-fourth of non-CNMC 
firms’ wages, and attributed the gap to Chinese labor standards.57 Table 3.1 com-
pares 2012 wages negotiated between unions and mining companies in 2011, 
when HRW was carrying out its research.58 It is based on collective bargain-
ing agreements that we obtained from two miners’ unions and the Ministry of 
Labour and Social Security, covering Mopani copper mine, owned by the Swiss 
company Glencore (one of the two largest non-Chinese mining companies), and 
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Chambishi and Luanshya copper mines, owned by CNMC. Mopani and the 
CNMC mines all employed underground miners, and therefore the wages paid 
can be compared.

Based on this research, we argue that the wage gap, rather than being a function 
of Chinese labor standards, was the product of structural conditions in CNMC’s 
operations in Zambia, such as differences in productivity and profits between 
Chinese- and non-Chinese-owned mines. The smaller scale, mainly underground 
character, lower copper content, and less-skilled workforce at CNMC mines in 
Zambia led to lower productivity there as compared not only with other major 
Zambia copper mines, but also with copper mines in China. CNMC’s Zambia 
mine productivity, at 7.1–7.7 tonnes per miner in 2011, was much lower than 
the 12.3 tonnes per miner among all Zambia copper miners (2010) and 13 tonnes 
per miner in China (2009), yet CNMC has paid comparable wages in Zambia. 
In considering its lower pay at the time of HRW’s report, CNMC Zambia’s low 
profit rate is also relevant. Most other firms had higher profits, and some had much 
higher profits: in 2010 Canadian-owned Kansanshi mine’s profits were almost $1 
billion a year, more than 25 times those of the Chinese-owned Chambishi mine, 
CNMC’s principal property. United Kingdom/India-owned Konkola copper 
mine had 7.7 times Chambishi’s profits, and Australian-owned Lumwana mine 
had 13.2 times.

Moreover, the actual wage gap between CNMC operations and the 
highest-paying foreign-owned mines in Zambia was likely narrower than it 
appeared, if the contract workers at non-Chinese-owned mines were taken into  
consideration.59 Since 2008–2009 CNMC’s Chambishi and Luanshya mines 
have paid almost all workers permanent worker-level salaries. That was not so at 
most non-Chinese-owned mines in 2010–2011, during HRW’s study. Overall, 
about half of the non-Chinese firms’ workers were contractors and earned much 
less than permanent employees, often one-fourth to one-half as much.60 And 
the high proportion of contractors at non-Chinese-owned mines has grown 
since the HRW study. Kansanshi had about 2,000 permanent employees and 
10,000 contractors in 2012.61 About 11,000 of Konkola’s 18,000 workers  
were contractors in 2014.62 Lumwana then had about 4,000 permanent work-
ers and 8,000 contractors.63 In late 2015, Mopani had 4,300 permanent workers 
and 8,000–10,000 contractors.64 If HRW had accounted for contract workers at 

Table 3.1  Wages of Chinese- and Swiss-owned underground copper mines in Zambia, 
2012 (in Zambian Kwacha)

Lowest wage in 
underground mine

Ratio of 
Mopani wage

Highest wage in 
underground mine

Ratio of 
Mopani wage

Mopani 2,926 100% 4,508 100%
Chambishi 2,040  70% 2,903  64%
Luanshya 2,867  98% 5,426 120%
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non-CNMC firms, the wage gap between Chinese and non-Chinese companies 
might well have disappeared.

Beginning in 2009, the Chinese-owned mines in Zambia, despite lower pro-
ductivity and profits, worked to reduce the wage gap. This process, which began 
well before the HRW report, appears to be leading to rough pay parity. Table 3.2 
shows our 2014 survey of Zambian copper miners in Chinese- and non-Chinese-
owned mining operations.65 Zambian workers at Chinese-owned mines were paid 
an average of 96 percent of the wages earned by local permanent workers at two 
big non-Chinese-owned mines.

No firm in Zambia pays miners enough for most to have savings, and many min-
ing families remain impoverished.66 Compared to miners’ wages in developed coun-
tries, wages for local miners in Africa, irrespective of firm ownership, are exploitative: 
nowhere in Africa are local miners paid close to the average of $58,000 that Canadian 
copper miners earned in 2014.67 African miners do, however, earn much more than 
the average for local workers. In 2014 the average monthly wage for Zambia’s entire 
workforce was $200, whereas the average miner’s salary was $800.68

Uniquely bad or neoliberally bad?

The discourse of Chinese mining in Africa exaggerates its scale and distorts the 
ways that Chinese practices diverge from those of other foreign investors in the 
industry and continent. The misinformation is typically attributed, even by astute 
observers, to gaps in the knowledge of journalists and researchers.69 If true, igno-
rance is still not the whole story, because the discourse’s claims accord with Yellow 
Peril-inflected Western depictions of Chinese investment in Africa and the alleged 
“China threat” in Chinese–African interactions portrayed in Western media.70 
The persistence of the demonizing discourse of Yellow Peril and its extension to 
“China in Africa” should be understood in the context that Western, especially 
U.S. elites, view China as a strategic competitor.71

HRW proclaimed CNMC a uniquely bad employer of miners in Zambia. With 
its focus on CNMC’s practices as a source of woe for Zambian workers, the HRW 
report turned a blind eye to the impact of neoliberal privatization on mine workers 
in Zambia. Pressured by the World Bank and the International Monetary Fund, 
the Zambian government privatized 280 parastatals from the late 1990s to early 
2000s. That change affected 85 percent of Zambia’s formal economy.72

Table 3.2 Wages of CNMC and other foreign-owned operations, 2014

n Average wage 
(Zambian Kwacha)

Ratio of 
Konkola wage

Konkola 62 4,497 100%
Mopani 54 4,363 97%
CNMC (Chambishi and Luanshya) 59 4,252 94.5%
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Zambia’s conversion of state-owned copper mining operations to private hands 
between 1997 and 2000 was one of the most rapid cases of privatization the world 
has seen, and it earned praise from the World Bank, the International Monetary 
Fund, and wealthy donor countries. As Lungu and Fraser have pointed out, how-
ever, affected communities in Zambia expressed frustration “through strikes, pro-
tests and the ballot box” with the absence of benefits that they were promised with 
the privatization. In the years leading up to the global financial crisis, copper prices 
doubled and tripled, earning handsome profits for large multinational companies, 
yet by 2008 the quality and conditions of employment in the copper mining indus-
try had seriously deteriorated:

There has been a collapse in the quality of employment, with around 45% 
of those working in the mines now unable to access permanent, pensionable 
contracts. Most mining companies have shifted workers onto rolling, fixed-
term contracts on significantly less beneficial terms and conditions, or the jobs 
have been “contracted-out” to companies that pay in many cases less than half 
the monthly wage offered permanent workers for the same work in the same 
mine, and in some cases, just one tenth of this figure.73

Using Konkola mine as a case study, a group of non-governmental organiza-
tions concluded in a report that the development of Zambia copper mining 
had not benefited Zambian society at large but rather had brought suffering and 
disadvantages.74 In that report, Konkola mine, which is owned by the United 
Kingdom and India, served as a case study for the industry because of its sheer 
size, and not because of its ownership. A different study, which looked at the 
Mopani mine, fundamentally questioned “the link between development and 
mining in general” and pointed out that Mopani was “far from a stand-alone 
case” in its activities not contributing to Zambia’s social development.75

In contrast to those studies, HRW specifically chose to examine CNMC by vir-
tue of its ownership. Even though more than two thousand major privately owned 
Chinese firms were operating in Africa, HRW generalized about the behavior of 
Chinese firms in the continent based on only one example, yet scholars have shown 
that Chinese companies’ behavior in Africa is highly variegated.76 That is not only 
logically fallacious but also analogous to racial profiling, a form of policing that 
links criminality and other malpractices to specific races, ethnicities, or national 
origins. That approach was well refuted by Martin Luther King Jr. a half century 
ago. Confronted by claims that Jewish landlords and shopkeepers exploit African 
Americans, he said, “The Jewish landlord or shopkeeper is not operating on the 
basis of Jewish ethics; he is operating on the basis of a marginal businessman.”  
The solution “is for all people to condemn injustice wherever it exists.”77 The same 
principle applies to the activities of mining firms in Africa.

There was one non-neoliberal practice, unique to CNMC, that HRW failed 
to mention: During the global financial crisis of 2008–2009, when 30 percent of 
all miners in Zambia and 50 percent of salaried miners lost their jobs, no layoffs 
occurred at CNMC firms.78 CNMC adopted a “three no’s” policy: no layoffs, 
no cutbacks on planned investment, and no hesitation to make new investments. 
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It hired new workers, including those who had been laid off by other firms.79 
This countercyclical practice was enabled in part by CNMC’s being a state-
owned enterprise that chose to prioritize stability over short-term maximization 
of profit.

To show that Chinese mining in Africa is not what HRW claims it to be is not 
to argue that all is well: fundamental problems exist, but they pertain to mining 
generally and to mining in Africa specifically. There are the general problems that 
attend extraction of largely irreplaceable wasting assets and that pose labor, envi-
ronmental, and other challenges inherent in a sector in which corporate interests 
dominate the political economy. There are also specific problems that arise when 
foreign firms garner most of the profits made from African mining, with the con-
tinent’s states and people only incidental beneficiaries.

The problems of Chinese- and other foreign-owned mining operations in 
Africa cannot be effectively resolved when Africans are merely secondary stake-
holders. Our 2014 survey of mine workers in Zambia asked whether they would 
see national ownership of mining assets as beneficial. Of the 190 workers who 
responded, 180 hoped to see national ownership. Of 170 who specified reasons for 
their choice, 89 linked nationalization with improved working conditions and 81 
focused on the benefit of nationalization for national development. Thus, Africans 
might no longer consider a modicum of tax revenues and employment opportu-
nities an acceptable exchange for their mineral wealth, and they might revive the 
issue of natural resource ownership that international financial institutions took off 
the table late in the twentieth century. Such steps can only be realized, however, 
if a pan-African opposition to Western-dominated asymmetries of power arises 
not only in mining, but also across the spectrum of African relationships with the 
wider world.
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4 Field vignette
Moving from prescriptive to performance-
based regulation: the case of  
waste management

Andy Fourie, Mwiya Songolo, and James McIntosh

There are naturally highly variable regulations across different countries in Africa. 
Countries where mining has taken place for longer periods of time will usually have 
more mature and comprehensive regulations in place. Problems with closed mines 
are also only now beginning to manifest themselves. An example in South Africa is 
the rising levels of acidic water in mined-out underground voids, with some of this 
water now beginning to discharge to surface waters, threatening aquatic species 
and potentially impacting on the very important historical and tourist sites around 
the underground karst caves near Sterkfontein in Gauteng province. Other coun-
tries in Africa, particularly where large-scale mining activities are relatively recent, 
have not necessarily experienced first-hand the impacts that mining waste can have 
on the environment and on people, and regulations are accordingly less mature.

A notable exception is The AKOBEN program (the Akoben is a horn used to 
sound a battle cry), which is an environmental performance rating and disclosure 
initiative of the Ghanaian Environmental Protection Agency which has potential 
for improving waste regulation performance. Under the AKOBEN initiative, the 
environmental performance of mining and manufacturing operations is assessed 
using a five-color rating scheme (gold, green, blue, orange, and red) indicating 
environmental performance ranging from excellent to poor. These ratings are 
annually disclosed to the public and the general media, and it aims to strengthen 
public awareness and participation. The AKOBEN program uses formal standards 
for Water Quality, but EPA guidelines for effluent quality, air pollution and dust 
discharge. It is unclear if these guidelines are applied uniformly across the sector, 
how often they are reviewed and updated, and how stringently they are applied 
outside of the AKOBEN process.

AKOBEN ratings are evaluated by analyzing more than a hundred performance 
indicators that include quantitative data as well as qualitative and visual informa-
tion. These ratings measure the environmental performance of companies based on 
their day-to-day operations once they have successfully cleared their Environmental 
Impact Assessments (EIA) and obtained their environmental permit to operate. 
These ratings indicate how well companies have met the commitments they made 
in their EIAs at the planning stage. AKOBEN, therefore, complements the EIA 
process and serves as a monitoring and verification program to ensure that compa-
nies follow environmental regulations on a continual basis.

Public disclosure of AKOBEN’s rating is the end point of months of effort on 
data collection and analysis. However, AKOBEN’s disclosure is not a single event; 
it is a process that follows a three-step procedure before the final disclosure to the 



64 Andy Fourie et al.

public and the media. As a first step, AKOBEN privately shares the results of the 
ratings with companies; this step is called internal disclosure. If there is a disput-
able issue, companies inform the AKOBEN team in writing or hold a meeting 
in person. Upon receiving the feedback, AKOBEN reviews the ratings and re-
sends the final ratings to companies. Next the ratings are reviewed by the senior 
management of the EPA and approved for public disclosure. The final ratings are 
then disclosed to the public through a press conference and are also posted on the 
AKOBEN website. The process is thus very transparent and interactive.

There is significant disparity between the approaches to mine waste regulation 
in the five countries studied (and probably even greater variability would become 
apparent if the study countries were expanded). It is suggested that it would be 
extremely beneficial to countries in Africa that have active mining industries to 
develop a Pan-African approach to regulating these activities, particularly when 
it comes to mine waste. Drawing on current best practice, such as the Ghanaian 
AKOBEN approach, as well as the long experience of regulators in countries such 
as Zambia and Ghana, a more integrated way of managing mining waste might be 
achieved. This would also be highly beneficial for responsible mining companies 
considering investing in Africa as expectations would become more uniform and 
transparent. The more mercenary international mining companies, who might be 
looking for regions with lax regulations (and thus perceived less expensive obliga-
tions to be fulfilled), would be thwarted in their attempts to improve their own 
profitability at the expense of the environment and local communities living near 
to mining operations.



5 Field vignette
Ghana’s policy on artisanal and  
small-scale mining

Benjamin Aryee

The legal framework under which mining takes place in Ghana requires that min-
ing, and other minerals-related activities, can only be undertaken legitimately in 
Ghana under a licence granted by the minister responsible for mining. While the 
law broadly provides for what and how mining and minerals-related activities can 
take place, it makes a special provision for small-scale mining. Participation in the 
latter is restricted to Ghanaian citizens. Other key limitations include a maximum 
land size of 25.2 acres that must be granted in an area designated by the minister as 
a small-scale mineral operation area.

Throughout the more than a century history of mining in Ghana (known as 
the Gold Coast in colonial times) gold has been the predominant mineral mined, 
irrespective of the scale of operation. Ghana has truly become the “Gold Coast,” 
as gold is found across, almost, its whole length and breadth. Therefore, manag-
ing gold mining, which is characterized by especially high value but low volume, 
presents peculiar challenges for policy making.

Broadly, mining sector policy is considered within the following three areas of 
government responsibility: (1) ensuring growth and socio-economic development; 
(2) facilitating the generation of livelihoods for citizens; and (3) ensuring the rule 
of law—clear definition of, compliance with and enforcement of laws—to ensure 
that the rights of all residents (citizens or otherwise) are protected.

To promote growth and development, the government of Ghana has consist-
ently facilitated the attraction of investment into the mining sector through vari-
ous policies and laws. These policies are premised on the country’s comparative 
advantage of having significant deposits of gold and other minerals. Like other 
mineral economies, legal, fiscal, regulatory, and institutional frameworks in place 
are aimed not only at the attraction of investment into the sector but also retention 
of investments to promote sustainable development. Consequently, the mining 
sector has been the single largest foreign exchange earner for Ghana since 1999 
and contributed significantly to government revenues. Part of the policy impact is 
also that, currently, Ghana is the eleventh largest gold producer worldwide and the 
second largest producer in Africa.

Small-scale mining has also developed from predominantly artisanal operations 
to semi and fully mechanized operations, which together currently contribute 
more than a third of Ghana’s total gold production. However, over the years, some 
of the policies that have encouraged the growth of small-scale mining include 
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provision of viable designated areas, establishment of district offices and provision 
of extension services to small-scale miners, simplification of the licensing regime, 
lower fee regime, and establishment of plant pools and promotion of processes to 
improve recovery rates.

To facilitate livelihood creation for its impoverished population the govern-
ment has restricted small-scale mining only to Ghanaian citizens. Over a million 
Ghanaians are estimated to be engaged in small-scale mining, while more than 
4 million depend on it for their livelihood. Despite contributing significantly 
to Ghana’s gold production, the small-scale mining sector is highly challenged, 
including associations with illegal mining (e.g., encroaching on large scale conces-
sions, involvement of foreigners, mining in prohibited areas) and smuggling.

Also, a number of challenges militate against government’s mining-related live-
lihood promotion agenda. Notable among these are lack of viable lands, lack of 
funding, limited human and technological capacity, unsafe and environmentally 
unfriendly mining practices leading to accidents as well as loss of lives, and other 
negative impacts on society.

In practice, in acknowledgement of these challenges, government interventions 
have included, “carrot” approaches, like:

 • Establishment of legal framework within which to regularize such operations 
in a safe and environmentally friendly setting, supported by geo-scientific 
investigations of grounds for small-scale mining; sensitization and extension 
services to enhance efficiency, health, safety and environmental practices; 
ensuring access to formal markets; and facilitating access to funding, especially 
for organized groupings, e.g., associations, cooperatives, etc.

 • Introduction of non-mining alternative livelihood projects to engage excess 
labor and diversify the local economy.

Operators who go beyond the confines of the law have to contend with “stick” 
approaches of law enforcement, including prosecution, confiscation of equipment 
and minerals, and other punitive sanctions. Apart from regular compliance enforce-
ment, task forces have been instituted to stem periods of extreme infractions.

In addition to the above, the Ghana government has tried to enforce the rule of 
law in a number of ways. Legal, regulatory and institutional frameworks prescribe 
the rights and obligations of all key stakeholders—notably investors, communi-
ties, as well as others—and require compliance, failing which stipulated sanctions/
penalties are applicable. Investors are assured of sanctity of and right to enjoyment 
of contracts; communities are assured peaceful enjoyment of their socio-economic 
as well as other human rights; and every other person is granted appropriate rights 
within the society. It is noted that these rights go with concomitant obligations. 
Accordingly, in addition to the general enforcement of laws, the following meas-
ures seek to assure enjoyment of rights and also participation of all stakeholders in 
the governance of the sector:

 • Mining sector institutions like the Minerals Commission and the Environmental 
Protection Agency have the responsibility of ensuring compliance with tech-
nical legislation, standards, requirements, etc.
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 • These, and other akin institutions also provide for administrative-type resolution  
of disputes among large scale and small-scale operators, communities and 
other stakeholders, aside from the formal adjudication of cases accessible in 
appropriate judicial fora.

 • Additional to other initiatives to address the challenge of illegal mining, Ghana 
is exploring ways to recategorize mining operations to bridge the gap between 
large and small-scale mining operations.

 • Ghana has also signed on to a number of international conventions and initia-
tives, such as the Extractive Industries Transparency Initiative, the Voluntary 
Principles on Security and Human Rights and the Kimberly Process 
Certification, for diamonds.

During 2017–2018, the government decided to upscale the management of the 
ASM sub-sector in Ghana through an integrated, multi-stakeholder approach 
termed the Multi-sectoral Mining Integrated Project (MMIP). The project is 
planned to span five years as the primary instrument for the management of ASM. 
It is expected to review and enforce the legal and regulatory regime, ensure recla-
mation of the degraded environment, implement social interventions to facilitate 
alternative livelihood creation, employing the requisite technology, notably track-
ing instruments and drones for monitoring operations and adopting the relevant 
human resource development and management methodologies as well as com-
munication techniques.

Policy interventions in Ghana therefore aimed at and span using mining as a cat-
alyst for sustainable development; ensuring collaborative, transparent stakeholder 
engagement over the mine life cycle, facilitating progressive capacity building and 
knowledge sharing with respect to benefits, costs, rights and responsibilities and 
assuring prompt and comprehensive dispute management among all stakeholders, 
within the rule of law.
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Part II

Data and models
Supporting strategic planning for  
Africa’s minerals
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6 Developing accurate and accessible 
geoscientific data for sustainable 
mining in Africa

Judith A. Kinnaird and Raymond J. Durrheim

In brief

 • Africa has vast resources of mineral wealth, but much of the continent 
remains underexplored.

 • To attract investment, governments must provide digital geoscientific 
data that are accurate, logically presented and structured, comprehen-
sive, and easy to use.

 • Geological surveys and mining ministries are important institutions for 
the collection and dissemination of geoscientific data. The capacity of 
geological surveys to perform their functions should be regularly moni-
tored and improved as necessary.

 • Namibia provides a good example of sound practices in Africa and 
might serve as a role model for other developing countries.

Introduction

Africa is richly endowed with a number of metals and materials.1 As shown in 
Table 6.1, 79 percent of the world’s platinum and 50 percent of its chromium 
comes from South Africa and Zimbabwe, 53 percent of cobalt and 10 percent 
of copper is from the Central African Copper-Cobalt Belt in the Democratic 
Republic of the Congo (DRC) and Zambia, 25 percent of manganese is from 
South Africa, 40 percent of phosphate rock is produced by Morocco and Algeria, 
and just under 10 percent of gold is produced in Africa, mainly by Ghana and 
South Africa. Other critical metals produced on the continent include niobium-
tantalum from the DRC and Rwanda, and rare earth elements from Malawi and 
South Africa.2 Furthermore, African countries have the potential to develop or 
expand production of economically important metals whose supply is at risk, 
such as antimony, graphite, and tungsten. There are numerous factors that can 
endanger supply, ranging from limitations on exports and poor governance, to 
armed conflict.
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Worldwide demand for common metals such as aluminum, copper, zinc, and lead 
is increasing at 5 percent per year.3 Large quantities of previously little-used met-
als are needed as well for cell phones, personal computers with touch screens, 
renewable energy technologies, and hybrid cars. Cell phone manufacturing, for 
example, requires a wide range of elements, such as bismuth, cobalt, copper, gal-
lium, indium, lead, lithium, nickel, niobium, platinum group elements, rare earth 
elements, tantalum, tungsten, gold, and silver, in addition to metals for the cas-
ings and petrochemicals for plastics. Demand for these metals is likely to increase 
until around 2050, when it is expected to slacken off because of recycling.4 It is 
projected that a large proportion of the world’s population (especially in India 
and China) would have graduated to the middle class and acquired goods such as 
domestic appliances and motor cars. Thus, most purchases will become replace-
ments rather than first-time acquisitions, making it possible to recycle the metals 
in the discarded goods.

The rising demand for metals has raised concerns over future supply. In 2010 a 
European Union report identified fourteen materials as critical based on economic 
importance and supply risk: the rare earth elements, the platinum group metals, 
germanium, magnesium, gallium, antimony, indium, beryllium, cobalt, tantalum, 
niobium, tungsten, fluorspar, and graphite; the report also listed metals whose 
availability was essential for high-technology, green, and defense applications but 
whose supply was vulnerable to fluctuations driven by political or economic con-
siderations.5 Materials considered critical vary by country, industry, perceived risk 
of future supply, and perceived demand, and these parameters can change over 
time.6 In 2013, an EU review of the critical metals and materials identified in 2010, 
found that the supply risk had declined for many of those commodities, probably 
because of increased geological exploration and revisiting re-evaluation and revival 
of historical projects.7

In 2013 a European Union review of the critical metals included thirteen of the 
fourteen materials identified in the previous report, with only tantalum (due to a 
lower supply risk) moving out of the European Union critical material list.

Table 6.2 lists the 2015 criticality rankings for minerals linked to African pro-
duction or reserve centers. The 3rd column, showing the relative supply risk index 
(criticality) rankings, ranges from 4.8 for aluminum to 8.1 for cobalt. (By com-
parison, the criticality ranking for rare earth minerals, in which China dominates 
production and reserves, tops the index at 9.5.) Each year the index is adjusted, and 
Africa’s profile in the criticality rankings for minerals sometimes shifts. For exam-
ple, the platinum group elements were at 8.6 in 2011 and 7.6 in 2015. Conversely, 
cobalt’s rating has risen in recent years, and the DRC remains the dominant pro-
duction and reserve center.

As the world population increases, the demand for more energy has led to the 
development of technologies for alternative sources of energy, which require their 
own supply of metals and materials. A typical wind turbine requires about 1,500 
tonnes of steel, and its permanent magnets use about half a ton of rare earth ele-
ments; photovoltaic cells for solar power require copper, aluminum, glass, and 
steel; and hydropower requires concrete.8 In 2050 the total amount of steel, con-
crete, aluminum, copper, and glass needed for wind and solar facilities is expected 
to be two to eight times the 2010 world production, and the aluminum needed 
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for such facilities will equal that used by all industrial sectors between 1970 and 
2000.9 This increase is even greater when it comes to critical metals: estimates of 
global demand for gallium, indium, selenium, tellurium, and rare earth elements 
in 2050 range from 10 times to more than 200 times the 2010 world supply. As 
ever-decreasing grades of metal are mined to meet the demand, additional energy 
is necessary for mining and processing the metals. Thus, the diminishing returns 
spiral, because treatment of ever-lower-grade ore requires more energy, while pro-
duction of renewable energy requires more metals.

One country that is mindful of this situation is Japan, which is a world leader in 
electronic manufacturing and car production yet has a relatively small land area and 
few operating mines or resources. In 2013 Japan joined the United States and the 
European Union in a trilateral workshop on critical raw materials held in Brussels 
under the auspices of the European Commission. At that workshop, a representa-
tive of the Japanese Oil, Gas and Metals National Corporation, which is tasked 
with ensuring the supply of natural resources to Japan, described three criteria used 
to identify critical resources in Japan: “the importance of mineral resources for 
Japanese industries, the possibility of a failure in mineral resources supply, and the 
feasibility of securing supply resources.”10 To secure the necessary metal supplies 
for Japan, the Japanese Oil, Gas and Metals National Corporation is partnering 
with, and investing in, companies in Africa.

Given the inherent challenges in finding and extracting resources, mining and 
exploration companies consider a number of factors when deciding whether to 
invest in a country.11 These include existence of favorable legislation for com-
modity exploration and extraction; a stable, competitive, and transparent taxation 
framework; adequate exploration investment, which, in Africa, is likely to be from 
outside the country because of the shortage of local venture capital; acceptance of 
international practices for capital markets and foreign trade; availability of suitable 
techniques for mineral exploration; clear environmental and social safeguards in 

Table 6.2 Critical minerals for African production and reserves, 2015

Element or 
element group

Symbol Relative supply 
risk index

Leading producer Top reserve holder

Cobalt Co 8.1 Democratic Republic 
of the Congo

Democratic Republic 
of the Congo

Platinum group 
elements

PGE 7.6 South Africa South Africa

Tantalum Ta 7.1 Rwanda Australia
Fluorine F 6.9 China South Africa
Chromium Cr 6.2 South Africa Kazakhstan
Manganese Mn 5.7 China South Africa
Aluminum Al 4.8 Australia Guinea

Source: British Geological Survey, “Centre for Sustainable Mineral Development, Risk List 2015,” 
www.bgs.ac.uk/mineralsuk/statistics/risklist.html, accessed March 15, 201

Note: “Relative Supply Risk Index” refers to the relative risk of disruption to the supply of forty-one 
economically important elements or element groups, seven of which are shown here
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line with international standards to ensure that best practices are adhered to; an 
easily searchable database that shows the availability of ground for exploration and 
mining; and prompt issuance of licenses for exploration and mining. Freedom to 
trade the minerals produced might also be desirable. In this chapter, we focus on 
the factors that directly involve geoscientific knowledge and skills. The political, 
economic, and environmental factors are covered in other chapters.

How can more metals and minerals be found?

Prerequisites for exploration activity

Two primary criteria are used to select an area for mineral exploration. The first is a 
favorable geological environment—that is, a region that is considered likely to con-
tain ore deposits, either because mineral occurrences are known to exist or because 
the geology has similar characteristics to regions elsewhere in the world that are 
known to host deposits of target minerals. The second criterion is government 
policies and practices that make it attractive for companies to explore and mine.

In well-explored parts of the world, such as western Europe, north America, 
and Australia, most easy-to-find near-surface deposits have been discovered dec-
ades or even centuries ago. Consequently, the average depth beneath the surface 
of new discoveries in well-explored regions has increased, particularly since the 
development of geological, geochemical, and geophysical methods that can “see” 
hundreds of yards or even miles beneath the earth’s surface.12 In these regions, new 
mineral deposits are likely to be found only at greater depths or in areas where 
the geology demands further development in technology and expertise, legislative 
changes have made exploration more attractive, or new mineral treatment methods 
allow metals to be extracted from rocks that were not previously considered as ore.

Large parts of the world, notably in Africa and Asia, have geological potential 
but remain underexplored because of security concerns, economic policies, unfa-
vorable legal frameworks, the lack of modern mining codes, or simply difficulties 
of reaching sites that are distant from roads. In these regions, current explora-
tion technology could produce new discoveries, and advanced technologies could 
reduce costs and improve the success rate.

Exploration

To establish whether a province or district has mineral potential, exploration com-
panies require modern geological and structural maps, regional geochemical analy-
ses and geophysical data (e.g., aeromagnetics and radiometrics), and reports on past 
exploration and mining activity. This information is usually collected and made 
available by a government agency such as a geological survey or ministry of mines 
as part of a program to attract investment in exploration and mining. The data 
should be available at a reasonable cost and in a digital format that allows it to be 
reprocessed and interpreted with modern tools and concepts.

Mining companies assess national- and regional-scale data before seeking 
licenses to conduct exploration surveys, which can be hundreds of miles in extent. 
The techniques that are used to locate drilling targets depend on the mineral that is 
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sought, the cover rocks, and the scale of the survey. Airborne geophysical surveys, 
geological and structural mapping, and regional geochemical surveys are usually 
conducted first, followed by detailed geological, geochemical, and ground geo-
physical surveys. Targets are ranked and drilled, and the borehole core is logged 
and assayed. The borehole may be surveyed using a range of geophysical tools.

A wide range of exploration technologies is used to map the surface and sub-
surface in great detail and depth, including global positioning systems, airborne 
gravimetry, and three-dimensional reflection seismology. These technologies are 
often adapted from the oil and gas sector, telecommunications, and the military. 
Advances in earth observation and mineral exploration are documented in the 
proceedings of the decennial International Conference on Mineral Exploration.13

Mining

Once an ore deposit is found, the viability of mining it is investigated. Advances in 
mining and metallurgical technology have made it possible to mine more deeply 
and more cost effectively, to treat ores with lower grades, and to extract metals and 
minerals from materials that were not previously amenable to processing.14 The 
viability of a project also depends on many factors that are outside the direct con-
trol of the mining company, such as the existence of infrastructure (e.g., railways, 
ports, and power supply) and commodity prices.

Deep mines are prone to high rock stresses and temperatures.15 Technologies 
have been developed to mitigate the risks posed by rock bursting, to cool and ven-
tilate mine workings, and to operate machinery remotely. Equipment used in open 
pit mines has increased in size, bringing economies of scale, while Doppler radar 
systems have been developed to continually monitor the stability of the pit wall.16

Environmental and human impacts

Mining can have negative impacts on the environment. For example, noise, dust, 
and vibrations can disturb communities and wildlife; groundwater can be polluted 
by acid mine drainage; and the agricultural potential of a district is reduced if arable 
land is used for mining. Deeper mines and lower-grade ore require more energy 
to mine and increase competition for scarce water resources. Geoscientific data are 
required to monitor and mitigate these impacts.

The environmental and human impacts of mining in many countries have been 
mitigated by advances in technology and the development of guidelines, but there 
is considerable room to do better.17 Increasing mechanization and automation of 
mining processes can improve worker safety and reduce costs, but also reduce 
employment, particularly among unskilled and semiskilled workers. “Green” min-
ing, the notion that new mines will, by necessity, have less environmental impact, 
is gaining traction.

Skilled human resources

Mineral-producing countries legitimately expect that their citizens will benefit 
from employment opportunities in the extractives industry, and these benefits will 
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ultimately raise citizens’ standard of living and level of education, stimulate the 
economy, and contribute to the tax base. Skilled people are required to develop, 
operate, and maintain advanced technology. There is an increased expectation that 
mining companies should play an active role in the development of skills by sup-
porting colleges and universities, and through on-the-job training.

Challenges to the development of mineral resources  
in Africa

Despite its rich mineral potential, Africa received only 14 percent of global explo-
ration expenditure in 2017.18 To facilitate mining investment, a number of African 
governments have created government mining cadastre portals for companies 
wanting online access to information about exploration and mining licenses (see 
Table 6.1). These portals allow registered parties to submit new applications for 
mineral exploration, make online payments, renew permits, and upload statutory 
reports, thereby improving access to information and transparency and reducing 
the potential for corruption.

Yet some countries—including South Africa, where mining has always been 
regarded as the backbone of the country’s economy—offer limited electronic 
access to mining cadastre data. This might be one reason why South Africa’s over-
all attractiveness as a destination for mining investment has dropped, from 66th 
out of 109 mining jurisdictions in 2015 to 74th out of 104 in 2016, and why its 
attractiveness in terms of mining policies is ranked 84th out of 104 jurisdictions in 
2016, the 3rd worst of 18 African countries evaluated by the Fraser Institute.19 The 
South African government’s national development plan, adopted in September 
2012, noted that whereas the top 20 mining exporting countries had averaged 
growth of 5 percent a year between 2001 and 2008, South Africa’s mining industry 
had shrunk by 1 percent a year

.
20

South Africa’s neighbor to the north, Botswana, is the highest-ranked African 
country based on policy factors, having risen from 14th of 109 jurisdictions in 2015 
to 12th of 104 in 2016.21 This rise reflects decreased concerns over labor regula-
tions, increased availability of skilled labor, and improved infrastructure. Ghana has 
also risen from 52nd of 109 in 2015 to 31st of 104 in 2016 based on policy, and 
was 22nd of 104 in 2016 in terms of investment attractiveness.22

Namibia, like South Africa, has a long history of mining, but it has seen a steep 
decline in policy rankings, from the 19th most attractive jurisdiction out of 122 in 
2014 to 29th of 109 in 2015 and 38th of 104 in 2016. Various factors have con-
tributed to this downward trend, including uncertainty about the administration, 
interpretation and enforcement of existing regulations, the taxation regime, and 
trade barriers. Yet despite these challenges, Namibia has set the leading example in 
developing institutional capacity for mineral exploration in Africa.23

Namibia: an African example of the successful development  
of mineral resources

Mining has been the backbone of the Namibian economy for more than a century. It 
is responsible for about 50 percent of Namibia’s exports and, at 12.2 percent (in 2017), 
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is the economic sector that makes the largest contribution to the GDP.24 Namibia’s 
extensive mineral deposits, which include diamonds, uranium, gold, copper, lead, and 
zinc, and potential for discovery of more resources make it attractive to exploration 
companies. The government and the Geological Survey of Namibia (GSN) also play 
important roles in Namibia’s success.

The role of Government

Realizing the importance of mining to its economy, the Namibian government 
has promoted mineral exploration and mining investment through sound legisla-
tion governing exploration and mining licenses, environmental clearance, labor 
issues, and financial transactions; a stable and competitive taxation framework; 
environmental and social demands that are balanced, progressive, and clear; and 
the acceptance of international practices for capital markets and foreign trade.25 
However, government policy is not static, and in 2016 the Namibian govern-
ment announced that it intended to compel mining firms to reserve a stake of at 
least 20 percent for black Namibians. The state allows sufficient time to explore 
and develop and permits mineral rights to be used as collateral, with freedom 
to trade the minerals produced. Furthermore, Namibia has an excellent road 
and telecommunication infrastructure and is currently upgrading its harbors. 
Namibia also offers a good standard of living for employees in the exploration 
and mining industry.

The role of the geological survey

The mission of the GSN is twofold: to enhance knowledge and awareness of 
Namibia’s geological resources through scientific investigation, and to encourage 
the application and dissemination of reliable research data, which will facilitate 
exploration, land use planning, and environmentally responsible mining and sus-
tainable development. The GSN and the Directorate of Mines have successfully 
promoted investment in the minerals sector through a number of activities:

 • Obtaining and archiving historical data. Companies are required to deposit data 
and core with the GSN. Information is moved into the public domain as soon 
as the license lapses.

 • Making information about exploration licenses available online.
 • Building human capacity. In 2016 the GSN employed sixty people, of which 

more than half are professional geoscientists and all but one are from Namibia. 
Professional staff members usually obtain their first degree in Namibia and 
post-graduate degree abroad.

 • Building infrastructural capacity. The GSN has well-equipped laboratories, which 
provide analytical services to Namibians with limited means, such as small-
scale miners, at a nominal cost.

 • Generating new data

{{ The GSN compiles digital geological maps at various scales from histori-
cal and recent data.
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{{ The GSN regularly undertakes geochemical surveys. Every year one map 
sheet is sampled, XRF and ICP-MS analyses are performed, and the data 
are digitally collated.

{{ The GSN undertakes high-resolution geophysical surveys. In 2015, 98 
percent of the country had been surveyed.

 • Marketing products locally and internationally. The GSN and the Directorate of 
Mines are housed in the same building in the capital city of Windhoek, pro-
viding a one-stop shop where new and historic data can be studied, archived 
core examined, and licenses applied for. Metadata are available through the 
web and products are easily obtained at a reasonable cost.

 • Assisting other African countries in developing their own geological surveys.

These services have encouraged company expenditure on exploration, identified 
numerous exploration targets, and led to the discovery of the world-class Husab 
uranium deposit with 137,700 tU in 0.039 percent ore.26

The critical role of national geological surveys

Much of the exploration in Africa is conducted by companies based in Australia, 
Brazil, Canada, China, India, and South Africa. Most of these companies are 
focused on only a few commodities such as gold, uranium, copper, and rare 
earths. Before any exploration takes place in a specific country, exploration firms 
will first study available data extensively to identify potential prospective ground, 
and then investigate whether the prospective ground is available for exploration. 
Some countries in Africa, such as Kenya and Namibia, make these steps very 
simple and allow a firm to purchase a license online quickly, cost-effectively, and 
easily. In other countries, firms must visit offices in person, and the process of 
obtaining an exploration license can take more than a year. These obstacles act as 
a deterrent to many companies, who then look at other options, be they in Africa 
or elsewhere. To encourage exploration, the first step is to emulate countries like 
Kenya and Namibia and instigate a user-friendly customer-oriented website that 
can promote the opportunities a country has to offer. This must be followed by 
efficient and effective customer service in the provision of exploration licenses, 
as well as providing the new license holder with any previous exploration data 
acquired in the license area.

Once a firm has obtained an exploration license, it must conduct sampling and 
surveys on site. The poor road network in many parts of Africa makes this a dif-
ficult task, particularly in the equatorial region of the continent. If a helicopter is 
needed to transport the rig, it could render exploration too costly. In this situation, 
data that the country’s geological survey can supply from previous exploration 
attempts could eliminate the need for new analyses and surveys and thus save time 
and money.

If exploration is successful and a viable mineral deposit is discovered, work will 
begin on a mining feasibility study. This research seeks a host of non-geological 
data, such as availability and cost of electricity and water, as well as availability of 
a skilled workforce. The collection of geoscientific data becomes important once 
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a mine opens, to ensure that an ore body is optimally exploited, and continues 
long after the mine closes, to ensure that negative impacts on the environment and 
population are mitigated.

Exploitation of Africa’s undisputed mineral wealth could be an important driver 
of economic growth and human well-being. But mineral exploration and min-
ing are risky ventures that require large sums of capital. It does not matter to an 
industrialist where a particular mineral or metal is mined; what matters most is the 
competitiveness of the price and the security of supply.

Many African countries lack the geoscientific data and governance infrastruc-
ture to attract mineral exploration. Furthermore, they often lack the technical 
capacity to ensure that ore bodies are mined in a way that optimally benefits the 
country. Consequently, it is imperative that African governments develop both 
the scientific and management skills of their staff, together with improving the 
analytical and digital infrastructure of their national geological surveys, so that 
they can provide a better service to potential exploration companies. The result-
ing investment will mean that citizens are able to benefit from their country’s 
mineral endowment.
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In brief

 • This chapter focuses on the challenges in quantifying the local and regional 
contributions of mining sector development across time and space.

 • One of several ways to analyze drivers of inclusive approach is to ana-
lyze artisanal and small-scale mining sector case studies.

 • Quantitative methods can be used for benchmarking local performance 
of mining companies and supply chain actors.

 • National systems of innovation, skills development, production, employ-
ment, and income linkages could lead to overcoming current limiting 
factors to linkages development.

 • Increases in mining sector output is expected to stimulate other sectors 
of local and regional economies.

Introduction

Since 2010 academic literature on mining activities in Africa has increasingly 
focused on China and other Asian countries.1 The influx of foreign investment 
starting in the mid-2000s has led to an unprecedented rise in sub-Saharan min-
eral production and an increased dependence on the extractives industry in the 
region. For example, in Burkina Faso the mining sector accounted for 41 per-
cent of exports in 2010, up from 2 percent 5 years earlier; in Somalia, more than 
one-third of export revenues were generated by the mining industry in 2012, up 
from 5.4 percent in 2005.2 Even with unstable commodity prices, the long-term 
access to large reserves of metals and minerals granted to multinational corpo-
rations ensures that mining activity will remain the dominant sector of many 
African economies.
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New frameworks have been developed to assess the macroeconomic impact of 
this investment on sub-Saharan Africa’s trade, investment, and governance, among 
other areas.3 The far-reaching structural reforms facilitated by the World Bank have 
been credited with transforming the resource “curse” into a blessing in countries 
such as Rwanda, Zambia, and Ghana, at least in terms of national economic indi-
cators. But if resource wealth is to achieve sustainable and inclusive development 
objectives, there must be sound, reliable methods for measuring and monitoring 
its impacts across space and time. The impacts of mining usually reported pertain 
to production, investment, employment, taxation and royalties, and direct effects 
on the economy. These indicators are important in understanding the contribution 
that the mining industry can make to local, regional, and national economies.4 But 
there is a growing demand for more-grounded and more-comprehensive analyses 
at the local and regional levels, as demonstrated by the multitude of so-called gray 
literature on the socioeconomic impacts of mining and the plethora of academic 
literature on the resource curse. Public policy initiatives, private sector reporting, 
and humanitarian concerns raised by international agencies and community inter-
est groups have served to either highlight or reflect the limited availability of reli-
able local and regional data.

This chapter explores the challenges in measuring the local and regional con-
tributions of mining that must be addressed when planning for inclusive growth 
in extractives development; it is based on case studies undertaken in Rwanda, 
Zambia, and Ghana. We begin by setting out traditional approaches to analyzing 
local and regional development impacts of mining, then present empirically based 
approaches to measuring linkage effects of operations in Africa. After reviewing the 
respective macroeconomic performance, mineral portfolios, and extractive indus-
tries structure in each of the three countries studied, we focus on supply chain 
value methodology and analysis in Rwanda. We then outline the findings of sepa-
rate fieldwork using Q-sort methodology in all three countries, aimed primarily 
at developing an inclusive framework for gathering data at the local and regional 
scales based on the “five capitals” approach, discussed below.

The Rwandan case study, while also gathering community views, illustrates 
that the drive for more-diverse and more-inclusive approaches need not entail a 
complete departure from traditional methodologies. Methods such as input–output 
analysis, for example, still provide a sound underpinning and benchmark for com-
parative analysis that can be used in conjunction with newer approaches focused on 
economic data such as supply chain value analysis, as well as integrated into frame-
works aimed at gathering broader sets of socioeconomic data relating to sustainable 
development, livelihoods, and community well-being. We conclude this chapter 
by discussing the key challenges and potential lessons illustrated by each of these 
case studies, and make suggestions for further research.

Traditional regional development perspectives on 
identifying and measuring the impacts of mining

The typical mineral project of around a hundred years ago, at least in developed 
countries, was a relatively simple and not very large enterprise intended to serve the 
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industrial demand of nearby communities. With adequate capital and labor available 
within the region, the local employment effect of such projects was considerable. 
These conditions, together with a relatively low level of national taxation, allowed 
most of the output value to accrue to the local community. Measuring the impacts 
of mining on development was therefore a relatively straightforward task. The direct 
contribution to development consisted of the value added by the minerals venture 
and spent to compensate labor, capital, and the entrepreneurial effort, or to satisfy 
fiscal agents. Indirect or external development effects, then as now instructively 
organized around the concept of linkages, were more readily identifiable because of 
the scale and localized structure of operations.5

One of the primary methods of measuring linkages in regional development 
studies is input–output analysis, originally based on the pioneering work of Wassily 
Leontief.6 An input–output table is a matrix showing the multiplier effects of the 
impact on other industries per unit change of output in another industry, as well 
as on labor use, imports, and final demand. That table provides the basis for cal-
culating the impact of a change in the output of one industry on the supply of 
backward-linked producers and, simultaneously, on the production of forward-
linked industries that use the originating outputs as inputs.7

In the extractive industries context, various elaborations on the notions of link-
ages and input–output analysis had their own strand of literature. For example, the 
staple thesis first developed by Harold Innis claimed development and economic 
growth would occur as a diversification process around staples, including minerals, 
through investment in the resulting downstream and upstream industrial linkages.8 
Innis and others emphasized, however, that such diversification and growth were 
not automatic.9 Instead, they are the product of intertwining forces exerted by 
geography, institutions, and technology.10

In core industrialized economies and in some staple economies, backward link-
ages created by traditional mining ventures arise through various requirements for 
inputs, enhancing the prospects of both established and new industries to produce 
goods and services necessary for the ventures’ operation. Forward linkages arise 
from the further processing of the raw material output, potentially involving a 
more extended chain than backward linkages. The establishment of infrastructure 
for mining can benefit other industrial or agricultural projects as well, a result 
sometimes referred to as a sideways linkage.11 A simplified representation of poten-
tial impacts of traditional mining on ‘development’ at the local and regional scale 
can is summarized in Figure 7.1.

New perspectives on the relationship between  
mining and development: global trends and  
structural transformations

The technology, industry structure, and geographical scale of mineral resource 
exploitation underwent significant restructuring during the twentieth century and 
even more so in the early years of the twenty-first century. As changes continue 
to proliferate rapidly in both developed and developing countries, measurement 
of the developmental impacts of mining, particularly at the local and regional 
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levels, is becoming as complex as the plethora of conceptual shifts in the notion of 
development itself.

Parallel with the restructuring of the extractives industries, two other important 
changes in the global development landscape increased the challenges of its meas-
urement. The first was a significant paradigm shift beyond narrow economic defi-
nitions of development. The second and related change is emerging recognition 
from within the mining industry of the need to demonstrate responsible social and 
environmental practices, which requires measurement of developmental impacts of 
mining at multiple spatial scales.12

The notion of development that rose to prominence after World War II was 
driven partly by the agitation for political independence in countries that had been 
colonized by Britain, France, Portugal, and others, including many countries in 
sub-Saharan Africa that would develop mineral-dependent economies.13 The mod-
ernization approach, with its underlying assumption that the industrialization of 
developing countries should follow the trajectory of industrialization in the West, 
was implemented through encouragement of trade in commodities and through a 
series of interventions involving the transfer of technology, knowledge, resources, 
and organizational skills from the developed to the developing countries.14

When the expected prosperity did not materialize from the 1950s onward, and 
the poor became poorer in some cases, a theory of dependency arose as an alter-
native to the modernization approach. In essence this theory held that, although 
political colonization had been dismantled, effectively it had been replaced with 
a neocolonialism that kept exploitation of the core–periphery very much intact.15 
The development of natural resources as a way to emulate the economic growth of 
developed countries, which had been advocated by multilateral institutions such as 
the World Bank, the International Monetary Fund (IMF), and the United Nations, 
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increasingly came under fire.16 This pessimism culminated in the development of 
“resource curse” literature that asserted that natural resource endowment had a 
negative impact on economic growth rather than a positive one.17

Although dependency theory was influential, the modernization approach con-
tinued to dominate until at least the 1980s, when the advent of neoliberalism 
led to the introduction of structural adjustment programs to help countries deal 
with economic crises. Concurrently, issues such as the importance of participation, 
credit, and gender came to the fore.18 Finally, the notion of sustainable develop-
ment began to dominate the global agenda from the late 1980s; that notion, along 
with the introduction of the Human Development Index in 1990 and the ensuing 
bottom-up approaches to development such as the sustainable livelihoods frame-
work, gave rise to a burgeoning literature on assessment frameworks and indicators 
for measuring development.19

Alongside these global trends in conceptualizing development were signifi-
cant changes to the drivers and shapers of mining company activity that required 
innovative approaches to measuring the impacts of such activity. For most of 
the twentieth century, the mining industry focused almost exclusively on the 
need for profits.20 Although companies sometimes provided social services such 
as housing, overall the main impacts were squarely within the economic pillar 
of development as governments generally let mining companies go about their 
business unimpeded as long as they generated foreign exchange, tax revenues, 
and employment.

Beginning in the 1970s, new environmental regulations required the industry 
to develop technologies to comply with emissions, pollutants, and tailings man-
agement. Decision making increasingly had to take into account the environmen-
tal pillar, leading companies to establish new environmental departments and to 
focus more attention on community relations. Social and cultural issues driven 
by global trends and changing public opinion caused the social pillar to become a 
sphere of strategic importance for the industry from the mid-1990s.21 By the early 
2000s, large mining companies widely adopted the practice of corporate social 
responsibility, which required them not only to provide evidence of direct com-
munity benefits but also to measure sustainable development outcomes over the 
long term.22

The view that sustainable development is the “ultimate culmination of devel-
opment theories,” is plausible, given the theory’s potential for more-inclusive 
approaches to development outcomes, among other factors.23 But, paradoxically, 
the very strength of acknowledging multiple perspectives also serves to create 
insurmountable challenges to sustainable development’s consistent and coherent 
measurement. In the context of mining and regional development, inconsisten-
cies in indicator selection across varying scales have frequently led to conflict-
ing, or even directly opposing, assessments of the impacts of particular mining 
activities.24 Furthermore, local communities most often were not directly asked 
by international agencies, national governments, or mining companies for their 
opinion on which indicators of development were the most important or relevant 
to measure.25

The rise of foreign direct investment (FDI) from China has led to further 
changes in the business model for the mining industry in Africa through its practice 
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of offering large infrastructure investments in return for access to mineral deposits.26 
This paradigm shift has led to further scrutiny and questions on how mining can act 
as an engine of community and regional development, particularly in sub-Saharan 
Africa. In essence, the dominant strategic driver of the mining industry and the 
development priorities of governments has returned to regional economics but, as 
McMahon and van de Veen note, it is a much more complex type of economics 
than thirty years ago, encompassing local, regional, and national scales.27

This paradigm is not fundamentally different from the one that governed 
traditional regional development approaches, in which mining operations were 
expected to generate upstream and downstream linkages, rather than enclaves, 
that would produce new industrial clusters and economic diversification. While 
not discounting the complexity of and need for more-inclusive approaches in 
the current development context, the renewed focus on regional development 
linkages provides a useful thread to trace the vertical and horizontal linkages of a 
mining operation and its source of FDI, and provides needed empirical evidence 
on the extent to which the rapid expansion in mining revenues in many African 
countries has contributed to economic growth and socioeconomic development 
at local and regional levels.

Current approaches to measuring resource-sector 
investment linkages in Africa

The widespread restructuring of the mining industry in the 1980s has in some 
respects increased the potential for expanding linkages, at least for large-scale min-
ing projects. For example, the shift from internal company structures to horizon-
tally structured operations would seem to offer opportunities for more local and 
regional input (Figure 7.2).

As yet, there is limited empirical evidence on the full extent to which the rapid 
expansion in mining revenues in many African countries have contribute to eco-
nomic growth and socioeconomic development at local and regional levels. Bloch 
and Owasu note that the linkage concept is, from some perspectives, dynamic 

Mining operation

Surveying Engineering Geology Accounting

Extraction Transport Break-of-bulk Catering

Contract

Contract

Contra
ct Contract

Contract

Contract

Contra
ctContract

Figure 7.2 Transition from internalised firm structure to horizontally structured operations
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rather than static, with linkages either decaying or becoming enhanced over time.28 
They quote Hirschman’s definition of linkage effects:

The linkage effects of a given product line [are] investment-generating forces 
that are set in motion, through input–output relations, when productive facili-
ties that supply inputs to that line or utilize its outputs are inadequate or 
nonexistent. Backward linkages lead to new investment in input-supplying 
facilities and forward linkages to investment in output-using facilities.

Hirschman added two further types of linkages for commodity production: fiscal 
linkages, in the form of state taxation of the income streams associated with the 
commodity; and consumption linkages, represented by income (profits and wages) 
emanating from commodity production that was spent nationally and in the local 
vicinity on the outputs of domestic industries.29

While more optimistic about the prospects of linkages in other sectors, 
Hirschman, building on Singer, argued that the natural resource sector was an 
enclave in nature and had weak positive externalities, a view later supported in part 
by “resource curse” literature.30 Thus, in contrast to the employment and industrial 
linkages emphasized in earlier regional development models, FDI became the most 
significant mining linkage or potential revenue stream.

The possibility that linkages could offer growth prospects for local firms was 
not one that enclave proponents embraced, according to Fessehaie and Morris. 
Such linkages and their governance in terms of large-scale operations, however, 
are a primary focus of global value chain (GVC) analysis. Upgrading in the GVC 
framework refers to firms’ abilities to defend and sharpen their competitiveness by 
improving their method of production (process upgrading) and what they produce 
(product upgrading), and by either moving into new links in the value chain (func-
tional upgrading) or into more remunerative chains (chain upgrading).31

In the context of GVC analysis, mineral-based value chains have been inad-
equately studied, according to Morris, Fessehaie, and others.32 There is also a 
paucity of empirical work on the extent to which value chain dynamics and gov-
ernance are shaped by firm ownership (specifically Chinese- and Indian-led firms) 
and social and institutional contexts.33

Fessehaie has investigated the role of public policy and value chain dynamics 
in shaping backward linkages to Zambia’s copper mining sector. In Zambia the 
breadth and depth of the local mining supply chain was deeply shaped by poli-
cies adopted in the 1990s under the structural adjustment program. These policies 
attracted much-needed FDI in the mining sector, including Chinese and Indian 
FDI, but reduced the level of value addition undertaken by local suppliers. Forward 
linkages to buyers other than Chinese and Indian mining companies and backward 
linkages to parent companies and technology providers were found to be critical in 
supporting supply firms’ success in the mining value chain.34

In Ghana gold mining has often been depicted as isolated from the rest of the 
economy. In contrast, the research findings of Bloch and Owasu demonstrate that 
after a period of strong investment and growth, gold mining could no longer be 
viewed as an enclave activity: rather, they believe that it is deeply woven into 
the Ghanaian economy through a set of as-yet under-researched but promising 
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economic linkages that can potentially be strengthened by policy and support 
measures. These linkages take various forms, including principally backward link-
ages, final demand, and consumption linkages. Fiscal linkages, meanwhile, have 
also been strengthened. The linkages are also manifested spatially in the form of 
visible and differentiated clusters (i.e., geographic or sectoral agglomerations of 
enterprises) of mining activity, which appear to benefit in different ways from 
external economies of scale (agglomeration economies), notably the localization 
economies variant.35

Furthermore, extensive empirical research on linkages in and out of the com-
modities sector and six other sectors (copper, diamonds, gold, oil and gas, mining 
services, and timber) in eight sub-Saharan African countries indicates great poten-
tial for industrial development in the countries studied. Researchers identified a 
number of linkage industries related to resource extraction that developed in tan-
dem with mining operations; these include processing firms, specialized machinery 
plants, makers of engineering products, providers of transport services and equip-
ment, and software companies.36

Mining activities and trade in minerals by small companies and artisanal miners 
are also increasingly being recognized for their potential contribution to growth 
and income generation, particularly at local and regional levels. Reforms have 
been introduced in many African countries to formalize the artisanal and small-
scale mining (ASM) sector in addition to exploring strategies that create additional 
linkages and diversify economic activity. The ASM sector employs more than 
10 million people in sub-Saharan Africa, but its development potential has been 
mostly overlooked by regional and local development policies, which tend to favor 
large-scale mining operations.37 The sector is characterized by complex labor hier-
archies, unique forms of production, and informal systems of assistance, which 
have evolved in an ad hoc manner in a largely unregulated environment.38 While 
the nature of ASM puts it outside the scope of GVC analysis, the basic tenets of 
supply chain value analysis are still applicable. Researchers are considering how 
to construct ethical mineral supply chains in sub-Saharan Africa through policies 
that focus more on increasing value and benefits to ASM miners and other sup-
pliers along the chain—in line with the fair trade principles currently applied in 
agriculture that are aimed at facilitating market access—rather than on maintaining 
transparency and eliminating corruption in mineral revenue streams.39

The next section reviews empirical evidence on the value of ASM activity by 
examining a case study conducted in Rwanda at the district level; this study takes 
into account local and regional development multiplying effects. The discussion 
forms the basis of a comparative analysis of new approaches to evaluating the link-
ages and distributions of supply chain value in Rwanda, Zambia, and Ghana.

Macroeconomic performance, mineral portfolios,  
and the structure of extractive industries in  
Rwanda, Zambia, and Ghana

As shown in Table 7.1, from 2007 to 2014, the economies of Rwanda, Zambia, 
and Ghana grew as a result of investment in their extractive industry sectors and 
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revenues from mineral exports. Per capita gross national income (GNI) steadily 
increased, and FDI inflows were also significant, more than doubling in Rwanda 
and Ghana. These growth patterns, however, have since been tempered with com-
modity price decreases, fiscal and current deficits, inflationary pressure, and cur-
rency depreciation.

Table 7.2 shows the Human Development Index ratings of each of the three 
countries from 1980 to 2013 and provides regional and categorical comparisons. 
Rwanda made the most dramatic progress in human development according to 
this index, with a rating that nearly doubled from 0.291 in 1980 to 0.506 in 2013. 
Zambia showed significant improvement in human development starting in 2005, 
according to its rating. Ghana also grew during the thirty-three-year span, ranking 
the highest among the three countries with a rating of 0.573 in 2013.

Figure 7.3 shows the relationship between political risk and operating environ-
ments in selected African countries based on a report in 2013.40 Rwanda, Zambia, 
and Ghana perform better than many other African countries in these rank-
ings. Rwanda in particular shows the best operating environment vis-à-vis other 

Table 7.2 Human Development Index for Rwanda, Zambia, and Ghana

Countries 1980 1990 2000 2005 2008 2010 2011 2012 2013

Rwanda 0.291 0.238 0.329 0.391 0.432 0.453 0.463 0.502 0.506
Zambia 0.422 0.407 0.423 0.471 0.505 0.53 0.543 0.554 0.561
Ghana 0.423 0.5.2 0.487 0.511 0.544 0.556 0.566 0.571 0.573
Low Human 

Development 
Countries

0.345 0.367 0.403 0.444 0.471 0.479 0.486 0.49 0.493

Sub-Saharan Africa 0.383 0.399 0.421 0.452 0.477 0.488 0.495 0.499 0.502

Source: “Human Development Report,” 2014
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countries in the region, while Benin, Botswana, Ghana, and Zambia have signifi-
cantly less political risk compared with countries such as Swaziland and Cameroon.

Evaluating the supply chain value of ASM in Rwanda: 
input–output analysis and multiplier effects

In order to harness the full potential of production outcomes of the growing min-
eral sector in countries such as Rwanda, it is essential to measure the revenue dis-
tribution and multiplier effects among national, regional, and local supply chains, 
and carefully analyze future growth models. ASM is the dominant extraction and 
production mode in Rwanda, and the supply chain due diligence costs associated 
with recent developments in international regulations are significantly high. As a 
result, the significant trends in Rwanda’s mineral sector raise the question of how 
revenues from mining operations and mineral trade are distributed along supply 
chains within the country and among diverse local and regional stakeholders.

As shown in Table 7.3, the mining sector’s contribution to GDP in Rwanda 
more than doubled between 2009 and 2014.

Figure 7.4 shows annual exports of cassiterite (used for tin), wolframite (used 
for tungsten), and coltan (used for tantalum), or the 3Ts, compared to exports of 
traditional items such as coffee and tea. From 2001 to 2013, exports of the 3Ts 
increased from $50 million to $228 million, surpassing exports of coffee and tea.

Figure 7.4 shows the annual quantities of mineral exports from 1998 to 2013, 
which grew at an average annual rate of 2.6 percent. Coltan exports grew the fast-
est, at an average rate of 12.9 percent each year. By the end of 2013, exports of all 
three mineral commodities reached about 9,580 metric tonnes, and export revenues 
from the three commodities totaled $2,25.7 million. If these exports continue to 
grow at 2.6 percent per year, the total quantities exported will reach 10,881 metric 

Table 7.3 Sectoral contribution to Rwanda’s GDP (%) 2009 and 2014

2009 2014

Agriculture, forestry, fishing, and hunting 36.2 35.0
of which fishing 0.4 0.4
Mining and quarrying 0.8 1.9
Manufacturing 5.6 5.1
Electricity gas and water 0.6 0.7
Construction 6.0 7.5
Wholesale and retail trade; repair of vehicles household goods; 

restaurants and hotels
16.3 15.5

of which hotels and restaurants 3.0 2.3
Transport, storage and communication 5.5 5.8
Finance, real estate and business services 18.0 14.8
Public administration and defense 2.8 3.6
Other services 8.2 10.1
Gross domestic product at basic prices/factor cost 100.0 100.0

Source: “Rwanda Establishment Census,” 2011



Figure 7.4 3Ts exports in Rwanda

Source: Adapted and modified from R. Cook and P. Mitchel, “Evaluation of Mining Streams and Due 
Diligence Implementation Costs Along Mineral Supply Chains in Rwanda” (Public Research Report 
for BGR and development partners, 2014)

Table 7.4 Projections of export quantity (metric tonnes)

Year Cassiterite Coltan Wolframite Total

1998 188.68 198.88 122.14 509.89
1999 529.00 330.00 84.00 943.20
2000 365.04 602.77 144.00 1111.81
2001 554.85 1540.21 161.56 2256.61
2002 672.07 1086.32 324.69 2083.08
2003 1458.00 732.00 120.00 2310.00
2004 3553.18 861.05 157.52 4571.74
2005 4531.83 1061.64 557.02 6150.49
2006 3835.33 724.25 1435.57 5995.15
2007 4565.91 968.96 2686.11 8220.98
2008 4193.29 1190.33 1708.04 7091.70
2009 4269.17 949.92 874.45 6093.57
2010 3874.20 748.72 843.42 5466.35
2011 6952.07 890.08 1006.24 8848.38
2012 4636.64 1144.68 1750.57 7531.89
2013 4895.27 2466.02 2217.93 9579.22
CAGR 2.61% 12.91% 4.45% 2.58%

Source: Authors calculation applying the formula to compute average growth of exports of three com-
modities Xt Xt dXt dt= − × +( )1 1 / , Where, Xt and Xt -1, represents the exports in current and preceding 

year and dXt dt/ , denotes average growth rate for the entire period.
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tonnes by the end of 2018. Table 7.4 also includes a projection from 2014 to 2018 
based on this growth rate of the export quantity for each of the commodities based 
on a seven-year annual growth rate. By the end of 2013 the total export revenues 
from all commodities were recorded as $225.7 million dollars.
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Figure 7.5a–c   a) cassiterite exports of top twenty-three mining companies, 2013; b) coltan 
exports of top twenty-three mining companies, 2013; c) wolframite exports 
of top twenty-three mining companies, 2013

Source: Authors’ calculations from RNRA data, 2013
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Cassiterite
17%

83%

Foreign Local

Coltan
1%

99%

Foreign Local

Wolframite
27%

73%

Foreign Local

Figure 7.6  Share of foreign and local mining companies in 3Ts production source: authors 
calculations from company level data

Source: RNRA

The value of various companies’ 3T exports in 2013 appears in Figure 7.5a–c.  
That year, the top 23 mining companies in Rwanda exported about 8.19 mil-
lion kilograms of the 3Ts, with cassiterite comprising about half of the exports 
(4.17 million kilograms) and the remainder being divided between coltan (2.16 
million kilograms) and wolframite (1.86 million kilograms). MSA was respon-
sible for about 37 percent of the total 3T exports: 26 percent of the cassiterite, 
52 percent of the wolframite, and 45 percent of the coltan. In comparison, 
Phoenix and Rutongo mines contributed 10 percent and 8 percent to mining 
exports, respectively. Figures 7.5a–c provide a more detailed analysis. Rutongo 
mines, for instance, contributed about 16 percent of cassiterite exports, and 
Tawotin made about 17 percent of the total coltan exports. Phoenix was 
responsible for 14 percent and 9 percent of the total cassiterite and wolframite 
exports, respectively.

Figure 7.6 compares the share of foreign and local companies in the production 
of each of these commodities. As shown, 83 percent of cassiterite (tin) is produced 
by local companies. Likewise, 73 percent of wolframite (tungsten) and 99 percent 
of coltan (tantalum) is produced by local companies. Of the 6,842 tonnes of col-
tan produced by 175 companies, Rutongo was responsible for about 11 percent 
(777 tons). Similarly, of the 2,251 tonnes of wolframite produced by 73 companies, 
EUROTRADE International was responsible for 11.3 percent (255 tonnes).

In 2013 all three mineral commodities generated approximately $366.7 mil-
lion in revenue, based on the average export price of each commodity. The total 
monthly revenues based on production of all values are shown in Figure 7.7. We 
calculated the average prices based on monthly totals at four different stages includ-
ing (1) opening price, (2) closing price, (3) highest price, and (4) lowest price for 
each respective commodity. According to these calculations, the average prices for 
the year 2013 were cassiterite at $22.17 per kilogram, coltan at $115.21 per kilo-
gram, and wolframite at $43.46 per kilogram.

The total revenues derived from the production of all three commodities 
reached $366.7 million in 2013: cassiterite at $151.7 million, coltan at $117.6 mil-
lion, and wolframite at $97.5 million. The revenue growth rate was 1.8 percent 
monthly as calculated using the compound growth rate formula R Rt

n / 0 1− , 
where n is the number of years, R is the revenue in the current period (t) and is the 
base period (0). Cassiterite and wolframite grew at an average rate of 2.8 percent 
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and 2.2 percent, respectively, while coltan showed a negative growth in revenue 
(–0.8 percent).

The case study was based on a concept developed by the Geology and Mines 
Department (GMD) of the Rwanda Natural Resources Authority (RNRA) in part-
nership with the German Federal Institute for Geosciences and Natural Resources 
(BGR). In addition to the original focus on supply chain analysis, and as requested 
by the Rwandan government, we identified and evaluated potential mineral sup-
ply chain efficiencies and solutions to contribute to a clearer understanding of the 
sector’s growth and development potential.

The case study report findings are based on field research carried out from 
May to June 2014 in four districts, and includes twenty different 3T mine sites. 
We selected the mining companies and cooperatives, as well as their sites, as a 
representative sample of Rwanda’s mining sector, covering the whole spectrum 
from small companies and cooperatives with manual operations to relatively large 
foreign companies running semi-industrial mines. The case study report was sup-
plemented by research carried out at six mineral traders and exporters, four dis-
trict offices, and with relevant national authorities. On-site interviews took place 
with 285 miners (in focus groups) and with mine management at each site. We 
interviewed a range of other interlocutors, including individuals from various 
other government agencies, international development partners, local govern-
ment, local communities, and the private sector, such as the Rwanda Mining 
Association (RMA).

The study area and district profiles

We undertook a case study in Rwanda with the aim of considering the entire supply 
chain: (1) miners (both employees and contractors) at the extraction site, (2) internal 
traders, (3) the mining company/cooperatives, (4) upgrading facilities for the mineral 
concentrates, (5) aggregation at the export stage, and (6) downstream buyers beyond 
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Figure 7.7 Estimates of monthly revenue and taxes for all commodities—2013

Source: “RNA Statistics,” 2013
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Rwanda’s borders, with a focus on local and regional multiplier effects primarily 
through using a form of input–output analysis. The qualitative and quantitative data 
used in this analysis were collected from four districts: Rutsiro, Muhanga, Rulindo, 
and Kayonza (see Figure 7.8).

Rutsiro: Rutsiro District has a population of 326,000, representing about 
13.7 percent of the western province population and 3 percent of Rwanda’s 
population. The population is 52.4 percent female and 47.8 percent male. 
Census statistics show that half of the district population is poor, and it ranked 
as the third-poorest district in the province. The statistics also reveal that only 
60 percent population of the district has access to improved drinking water, 
of which half use protected spring water. The overall employment of the 
population aged 16 years and above in the district is 86 percent; 63 percent of 
the population has major source of income from farm activities. On the other 
hand, only 0.4 percent of the population has access to electricity for lighting 
purposes, which is well below that of the rural areas generally (4.8 percent) as 
well as the national level (10.8 percent).

DR CONGO

BURUNDI

TANZANIA

UGANDA

RUTSIRO MUHANGA

RULINDO

KAYONZA

Butare

Cyangugu

Kibuye Gitarama

KIGALI Rwamagana

Kibungo

ByumbaRuhengeri

Nyungwe
Park

Lake
Kivu

Virunga
park

Gisenyi

29° E 30° E
3° S
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1° S

Akagera

Park

BGR/PHS 2014

Figure 7.8 Rwanda study area map

Source: R. Cook and P. Mitchell, “Evaluation of Mining Revenue Streams and Due Diligence Imple-
mentation Costs along Mineral Supply Chains in Rwanda” (Public Research Report for BGR and 
development partners, 2014)
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Muhanga: Muhanga District has a population of approximately 319,141, 
representing about 12.3 percent of the southern province population and 3 
percent of Rwanda’s population. The population is 52 percent female and 48 
percent male. The majority of the district population lives in rural areas (67.7 
percent). The district has higher labor participation rate in rural areas (80.8 
percent) as compared to urban areas (71.2 percent). The unemployment rate 
in rural areas was much lower (1.4 percent) than urban areas (6.5 percent). 
Agriculture activities are main contributors to economic activities of the local 
economy. Other economic activities include trade (7.3 percent), construction 
(2.1 percent), and mining (1.2 percent). Health and education facilities are suf-
ficient and most of the population (91.1 percent) is covered for health insur-
ance. Primary and secondary school enrolment rate is 90.7 percent and 20.8 
percent, respectively. The overall literacy rate is 71.1 percent in the district.

Rulindo: The population of the Rulindo District is approximately 288,452, 
representing about 16.7 percent of the southern province population and 2.7 
percent of Rwanda’s population. The district employment rate is higher than 
the national employment rate: About 87 percent of the population above 16 
years is employed, compared with 80 percent at the national level. Rulindo 
has very low unemployment rate (0.4 percent) as compared to national unem-
ployment figures (2.4 percent). Moreover, about 75 percent of the district 
population has access to improved drinking water; Rulindo district ranks 
fourth in safe water access among Rwandan districts.

Kayonza: The population of Kayonza District is approximately 332,000, repre-
senting about 13.3 percent of the southern province population and 3.3 percent 
of Rwanda’s population. The population is 52 percent female and 48 percent 
male. About 55 percent of the population is aged 19 years or younger. Almost 
83 percent of females are under 40 years. Twenty-three percent of the popula-
tion is poor and the percent live in extreme poverty. Statistics on basic facilities 
indicate that 72 percent of the population have access to improved drinking 
water, obtained from springs, piped water, boreholes, or public standpoints. 
However, only 7.5 percent of households use electricity as a source of lighting 
in the district, which is above the rural average compared with other districts. 
The urban population, on the other hand, has higher access (46 percent) than 
the national level of access to electricity for lighting purposes. The unemploy-
ment rate is also high when compared with many other districts, at 2.4 percent.

Figure 7.9 sets out a comparison of the percentage of population living in poverty 
across each Rwandan district. Kayonza and Rulindo have almost same level of 
population living under the poverty line (42 percent) whereas Rutsiro District has 
a higher level (52 percent).

Analysis of survey data, productivity, and income of local mining activities

Table 7.5 describes household characteristics involved in 3T mining activities across 
different value chain operations. The age of miners varies between 19 to 68 years, 
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Figure 7.9 District level comparison of poverty
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with a median of 30 years. Sample statistics show that miners and other workers’ 
experience vary between 0.1 to 36 years, with an average of 4.3 years. Average 
monthly production of all three minerals was approximately 37.9 kilograms with 
maximum quantity of 116.7 kilograms. The median income from mining activi-
ties was RWF 60,000, which constituted about 96 percent of the total income of 
households on average.

Table 7.6 provides comparative data on the median earnings of mine employees 
and subcontractors corresponding to their respective occupations within the min-
ing operation. We computed median income based on different categories of min-
ing activities and note that (1) miners earned a median per capita of RWF 79,000; 
(2) subcontractors earned approximately RWF 30,208; (3) washers earned RWF 
50,000 per capita on average; (4) coop miners earned RWF 216,700 monthly; and 
(5) team leaders earned RWF 55,000 monthly per capita.

We also noted gender differentiation. We found male per capita earnings 
(approximately RWF 50,000) were on average five times more than their female 
counter parts (approximately RWF 10,500). Admittedly, our sample included 
only 9 female respondents, equating to only 1 percent of the total sample; how-
ever, general employment statistics disclose that the mining sector employment in 
Rwanda is dominated by male workers (84 percent) compared to female workers 
(16 percent). According to Rwanda Natural Resources Authority statistics, 33,638 
workers were employed in the mining sector, of which 28,245 were male and 
5,393 were female.
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Table 7.5 Descriptive statistics of some household characteristics

Characteristic Minimum Maximum Average Median

Age (years) 19 68 33 30
Years working at site 0.1 36 4.3 2.5
Average production (kilogram/month) (as 

noted by miners)
0 116.7 37.9 32

Household size 1 11 4.7 4
Number of dependents 0 11 4.2 4
Family members doing mining work 0 10 0.3 0
Family members doing agricultural work 0 1 0.7 1
Income from mining (RWF/month) 0 450,000 81,300 60,000
Income from other sources (RWF/month) 0 240,000 23,100 25,00
% of total monthly income from mining 0 100 79 96
Typical expenditure on food (RWF/month) 0 240,000 28,600 20,000
Typical expenditure on rent (RWF/month) 0 20,000 235 0
Typical other expenditure (RWF/month) 0 214,000 19,400 0
Typical savings (RWF/month) 0 250,000 28,100 10,500

Source: Authors calculations from survey data

Table 7.6 Earning differentials of mine employees and sub-contractors

Miners Subcontractors Team Leader Washer

Mean 100058.78 35471.73 58428.57 86861.76
Median 79000.00 30208.33 55000.00 50000.00
Standard deviation 85868.75 32587.93 14729.30 79779.21
Minimum 0.00 4000.00 38000.00 22000.00
Maximum 480000.00 110000.00 84000.00 363000.00
Count 245 8 7 17

Source: Authors calculations from survey data

Data on household savings set out in Table 7.6 does not distinguish between 
those earned from mining activities and those derived from other non-mining 
business activity. Moreover, there seem to be some discrepancies in disclosure of 
mineral production because miners were not able to exactly quantify the produc-
tion. For instance, monthly production disclosed by miners was higher than that 
calculated based on their income. Table 7.7 represents the monthly per capita 
income and expenditures of workers engaged in mining activities across different 
mining companies.

Looking at firm revenue and productivity maximization across different 
commodities, ideally we would have access to information on output, inputs, 
and output prices of respective commodities. However, in the case study, we 
only had access to commodities output and labor input for mining compa-
nies. Nevertheless, this allows us to derive some partial revenue and produc-
tivity measures at the firm level. For the purposes of this analysis, we made 
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Table 7.7  Averages income, expenditures, and age of miners working in mining 
companies

Company Income Expenditures Age Per capita 
income

Per capita 
expenditures

Alfa minerals—Nyanga 53090.91 33181.82 32.73 21762.99 12943.72
Cominya—Kinogi 30750.00 7000.00 41.00 5593.24 1312.88
Eurotrade—Nyakabingo 169909.09 79818.18 32.91 34445.89 16215.37
Excellent 

mining—Gituntu
46400.00 21000.00 30.07 16350.16 7287.70

Kalinda—Bahozi 22230.77 22230.77 41.62 5364.47 5364.47
Kuaka—Giseke 95866.67 24066.67 28.93 36628.10 9642.38
Multi-serve 

consult—Bugambira
51726.73 20733.33 33.93 27181.92 10530.16

Mushonyi 
mining—Biruyi

234466.67 87333.33 42.80 46858.71 16097.47

Rap—Kagano 62538.46 6615.38 35.77 11571.43 1177.38
Sindambiwe—Rongi 100000.00 45000.00 27.09 33257.58 14965.91
WMP—Gahengeri—B 106326.67 39533.33 37.67 23952.78 8677.78
Rutongo—No. 16 28200.00 28200.00 29.00 14453.97 14453.97
Comar 168080.00 77000.00 34.80 43758.48 16490.48
Cominyabu 216250.00 72437.50 35.81 49996.73 15297.02
Jasper minerals 80240.00 32666.67 30.53 19090.00 7553.65
Kamico 227200.00 130933.33 37.20 41975.40 22305.98
Nrd 115000.00 86705.88 30.12 23678.29 17904.48
Rap—Krimbali 76665.63 27187.50 28.00 34969.27 11692.71
Rwanda Rudniki 24941.18 22823.53 28.18 5398.32 5018.49
Vimico—Muntambara 120176.47 58294.12 29.82 28243.14 15340.69

Source: Authors calculations from survey data

the following assumptions: (1) All firms used the same technology within each 
mineral commodity. (2) Commodity prices remain constant for the year of cal-
culation (2013). Total employment for each firm remains the same across all 
three commodities.

We considered data on output, output prices, and labor input in order to derive 
partial measures of productivity and revenues at firm level. We used the average 
export price to compute total revenue given the price variability in commodities. 
Since we are using the average price for all firms, it will not change the ranking 
of firm in terms of revenue efficiency (compared with productivity) because price 
effect will be cancelled using the formula given in the methodology. Using the 
revenue maximization formula as

Max Revenue
P q

max
=

×
×P q



106 Julia Horsley et al.

where P , q, and qmax represent average mineral price, quantity produced and maxi-
mum possible quantity of minerals that can be produced using the same input 
resources, respectively. Therefore, we end up with the ratio of average productiv-
ity to maximum productivity of each firm. In other words, we compute the techni-
cal efficiency in relative terms. Dividing the observed revenue (productivity) with 
the maximum revenue (productivity) yields estimates within the range of 0 to 1.  
A value closer to 0 implies that the firm is least efficient or not maximizing the 
revenue, whereas value closer to 1 means that the firm is maximizing the revenue 
or productivity.41 We use the linear programming to derive these measures of 
efficiency.42 The linear program is written as the ratio of output to input(s) and we 
obtain optimal weights by solving the mathematical programming as

maxu,v(u′qi / v′xi) st (u′qj / v′xj) ≤ 1, where, u, v ≥ 0,

where, u and v represent output and input weights for their respective output (q) 
and input (x) quantities. We used the single output and single input (labor) to esti-
mate productivity/revenue maximizing of firms.

Based on our findings, Rwanda Mineral Africa was the most efficient with 
annual revenue of $17.22 million, followed by Ushahidi with total annual revenue 
of $6.92 million. Most of the mineral companies are not maximizing revenue 
given the available labor input. Average production and revenue of the sample of 
companies producing cassiterite with different employment levels of these compa-
nies are presented in Table 7.8.

Only small firms (with fewer than 100 employees) were able to achieve maxi-
mum efficiency in revenue and productivity (e.g., Havilla, Quincallerie Piano). 
We also found similar trends in coltan and wolframite minerals as companies are 
small (e.g., MINECA). The total revenue for cassiterite, coltan, and wolfram-
ite was noted as $85.4 million, $56.2 million, and $30.5 million, respectively. 
While the monthly average growth in the revenue remained positive in cassiterite  
(2.2 percent) and wolframite (2.9 percent), coltan showed a negative monthly 
growth (–4.4 percent) in 2013.

Mining companies with 100 or fewer employees earned the highest average 
annual revenue of $981,831.44, which was followed by mining firms with 101–300 
employees and revenue of $889,470.21. Mining companies with 101–300 employ-
ees exhibited an average productivity of 235.46 kilograms. However, large firms 
with 301 employees and more earned the lowest annual average revenue (i.e., 
$697,258.35) and average productivity (i.e., 69.68 kilograms). However, these 
findings should be interpreted cautiously because in many months mining com-
panies did not record any mineral output production. Those missing values might 
have simply gone unreported rather than mining companies not producing any 
minerals in that period.

We have also calculated the annual average productivity of three mineral com-
modities (Table 7.9). Estimates show that cassiterite exhibits highest labor pro-
ductivity with an average of 16.95 kilograms per laborer, followed by wolframite 
with an average of 5.58 kilograms, and coltan with an average of 2.55 kilograms. 
Table 7.9 presents monthly average productivity and revenue of the 3Ts for all 
mining companies. While cassiterite and wolframite showed a positive growth in 
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Table 7.9 Monthly average revenue and labour productivity

Cassiterite Coltan Wolframite

Revenue 
(Million $)

Productivity Revenue 
(Million $)

Productivity Revenue 
(Million $)

Productivity

January 12.06 15.77 7.91 2.85 8.11 5.08
February 11.07 14.47 7.83 2.55 7.62 4.77
March 11.59 14.88 8.41 2.42 7.24 4.5
April 12.51 16.69 8.80 2.38 8.07 4.97
May 10.94 15.41 12.28 3.17 6.67 4.53
June 10.61 15.95 15.85 3.99 6.54 4.95
July 11.80 17.26 10.01 2.43 6.98 5.29
August 12.31 17.89 11.13 2.62 6.47 4.9
September 12.08 16.46 8.54 2.03 8.02 6.07
October 13.80 17.7 10.71 2.5 10.19 7.28
November 16.48 20.32 8.90 2.04 11.00 7.43
December 16.83 20.59 7.18 1.63 10.57 7.14
Average 12.67 16.95 9.80 2.55 8.12 5.58
Total Annual 151.65 117.55 97.48
CAGR (%) 2.2 –4.4 2.89

Source: Author estimates using firm level data, 2013

productivity and revenue (i.e., 2.2 and 2.89 percent, respectively), coltan displayed 
a negative trend in monthly revenues and productivity.

Modelling revenue differentials across the supply chain

To investigate how income varies across different supply chains, various segments 
in the supply chain and socioeconomic characteristics in ASM production, a multi-
variate analysis can provide some insights to estimate the nature of the relationship 
between earnings and various socioeconomic factors. A simple multiple regression 
model can be used for this purpose:

Y x Dk l
l

L

lk m m m= + ∑ + + ∈
=

β β0
1

γ

Where xlk is the set of exogenous variables representing socioeconomic factors, 
and Dm is the vector of the dummy variables to capture the effects of different sup-
ply chain segments and ∈∼ N (0, σ2)Table 7.10 presents the ordinary least square 
(OLS) results for various specifications.

We found that the estimated model is overall significant. In particular, findings 
included the following: (1) Household size positively contributes to the income/
revenues among different actors; (2) additional sources of income such as agricul-
tural activities add to total earning individual well-being positively; (3) there are 
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notable differences in earnings among different types of workers, for example,  
team leaders share a major part of the revenues compared with other groups;  
(4) there were significant income differentials between males and females; (5) expe-
rience and duration of employment does not seem to have any significant impact 
on the income levels; (6) in general, the results indicated that distribution of ASM 
revenues differ significantly across different groups as well as across activities along 
the supply chain.

Inclusive approaches to measuring development in  
Rwanda, Zambia, and Ghana: five capitals framework  
and Q-sort methodology

Separately and concurrently with the study evaluating the supply chain value 
in Rwanda, the authors took part in a separate project through case studies in 
Rwanda, Zambia, and Ghana titled “Rapid Assessment Frameworks for Mining 
and Regional Development.”43 A central aim was the formulation or collation of 
reliable indicators of development that can be applied in and adapted to a range 
of different local and regional contexts by public or private sectors. This project 
followed the general principles of inductive and action-oriented research, and was 
therefore based on an iterative methodology that involved a process of framework 
design, testing, refinement, implementation, and extension. The work was under-
taken collaboratively by a research team from the University of West Alabama’s 
School of Earth and Environment, the University of Queensland’s Centre for Social 
Responsibility in Mining, and partner researchers in each of the case study coun-
tries, including Copperbelt University, the Ghana Institute of Public Management 
and Administration (GIMPA), and the University of Rwanda.

Following a literature review of the vast array of approaches used in measuring 
development generally, and in resource contexts in particular, we determined that 
the five capitals approach underlying the sustainable livelihoods framework (SLF) 
would provide a sound and consistent conceptual underpinning for determining 
an initial list of indicators to be tested in selected case study areas.44 However, 
partly due to recognition of increasing proliferations in the conceptualization of 
development and differences in the rationale underlying the use of various sets of 
indicators, we determined that this initial set of indicators would need to be tested 
against the perspectives of stakeholders (including industry, government, and com-
munity) in mining-affected areas to gauge the validity and utility of such indicators 
in measuring development at local and regional scales across varying contexts. For 
this purpose, a survey instrument based on Q-sort methodology, which essentially 
invites multiple stakeholders to rank indicators in order of relevance and impor-
tance, was developed and implemented as part of the case study research.

For the case studies in Ghana and Zambia, we selected a list of 25 indicators 
based on known impacts of mining as most commonly described in resource litera-
ture, and organized them under the five capitals (five indicators per capital), plac-
ing an emphasis on indicators that would be relevant at local and regional levels. 
We presented participants with the list of indicators in a random order—without 
identifying the associated category of “capital”—as set out below in Table 7.11. In 
addition, we invited participants to advise researchers of any particular indicators or 



Table 7.11 List of 25 indicators based on five capitals selected for Q-Sorting

Indicator Explanation

 1 Drinking water 
quality

Measures the presence of heavy metals (type and 
quantity) present in drinking water sources.

 2 Road access Measures the number and quality of paved roads in 
mining communities.

 3 Government spending 
on local education

Measures proportion of the national education budget 
that is spent locally.

 4 Total arable land Measures the amount of agricultural land lost, gained, or 
changed through mining activities.

 5 Cost of living Measures the change in cost of basic food and non-
food items such as charcoal, soap, water, electricity, 
education, health, and transport.

 6 Perceptions of 
government 
corruption

Measures how well the government and/or local leaders 
manage the costs and benefits of mining operations.

 7 Infant mortality rate Measures the number of children (per 1000) who die 
before the age of five.

 8 Adult literacy rates Measures the proportion of adults (over the age of 15) 
who can read and write in the official language of the 
country.

 9 Cultural continuity Measures transmission of local cultural knowledge, 
customs, events, etc.

10 School participation 
rates

Measures the number primary and high school 
enrolments as a proportion of the school-aged 
population size.

11 Unemployment rates Measures the overall gain or loss of livelihoods in mining 
communities taking into account the number of 
farmers displaced from their land by mining.

12 Morbidity by major 
health category

Measures the proportion of the local population effected 
by the following health problems: HIV/AIDS; 
malaria; respiratory diseases; accidents; metals/minerals 
poisoning.

13 Forward linkages Measures the number of secondary industries established 
to process mining output prior to export.

14 Perceptions of safety 
and crime

Measures perceptions whether communities near the 
mine are becoming more or less safe.

15 Household income Measures the total income of each household including 
income from the local ‘informal’ economy.

16 Perceptions of 
mining company 
transparency

Measures the perceptions of people involved in, or 
affected by, mining about how ethical mining 
companies are in the way they operate within the 
country.

17 Post-school 
qualification

Measures the prevalence, type and sector of training 
and education received outside of primary and high 
school, amongst the community.

18 Displaced peoples Measures the number of people forced to relocate 
because of mining activity.
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19 Land tenure security Measures perceptions of local community about how 
confident they feel about their rights to be self-
determining with regard to their land.

20 Access to and quality 
of energy supply

Measures the proportion of households in the mining 
community with access to a reliable and affordable 
source of energy in the form of electricity, coal, or 
firewood.

21 Biodiversity/access to 
natural resources

Measures levels of access to, and health of, natural 
resources such as forests, fish, and other food sources.

22 Government spending 
on local health

Measures proportion of the national health budget that is 
spent locally.

23 Health access Measures the number of doctors per 1000 people.
24 Air quality Measures the amount and nature of emissions and 

poisonous gases present in the air within proximity of 
a mine-site.

25 Backward linkages Measures the number of local businesses used by mining 
companies to support their operations.

Source: Horsley et al., 2015

issues related to development that they considered were either missing completely 
or not adequately covered by the range included in this list of 25 indicators, based 
on their own experience from their respective stakeholder perspectives.

The Rwanda case study also used Q-sort methodology, investigating quan-
titatively analyzed perspectives regarding impacts of mining-led development at 
a district level in Rwanda. However, in this case we used a series of statements, 
rather than a set of indicators, as the domain or concourse for the Q-sort exercise. 
We selected forty-six statements across all categories of the five capitals, with some 
statements representing two to three categories. For example, Statements 25 and 
35 represent social, financial, and human capitals. Statements were constructed to 
balance positive and negative views of similar topics and the degree of extremity of 
views expressed so there was minimal bias when sorting.45

For the purposes of this chapter, the relevant findings of these case studies 
applicable across all three countries can be summarized as follows: First, among all 
the views expressed through the quantitative and qualitative data obtained in this 
research, there was a general consensus that mining activity had an important role 
to play in contributing to development at local and regional scales. However, there 
was also a general consensus that this activity is not currently reaching its potential in 
producing the benefits to development at local and regional scales; this was the case 
regardless of how development was conceptualized across the varying perspectives.

Second, on the whole most participants indicated that the twenty-five develop-
ment indicators covered the range of their concerns regarding mining and devel-
opment and were appropriate items for measurement. Among the few participants 
who responded otherwise, the predominant concern was the lack of indicators to 
address equity concerns, specifically gender inequality, disparity in income among 
foreign nationals and local employees, and perceived bias in recruitment practices 
(favoring internal/external immigrants over locals).
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Third, criticisms of the current governance structure in each country included 
lack of community engagement at the local and regional levels in areas where 
mining activity is occurring, weak political accountability in the resource sector 
generally, and hindrances to transparency in both government and mining com-
pany policy and practice. Finally, the range of impacts that the economic activ-
ity of extractive industries potentially produces, and the various groups that it 
affects, can make policy and investment planning in this area difficult, particularly 
given the potential of competing agendas of stakeholders and power differentials 
between these parties. Q-sort methodology, by taking numerous individual views 
and revealing areas that are shared among many, takes a step towards overcoming 
obstacles in this regard. Where areas of shared concern are revealed, policy can be 
directed to address and prioritize these issues. Where areas of shared consensus on 
the benefits of a particular activity or impact emerge, they can provide evidence 
to support the continuance of current practices and perhaps demonstrate ways in 
which other issues of concern can be addressed.

Conclusion

Initially, the theory of development underlying the positions of the World Bank 
and the United Nations, among others, that mining would serve as a viable route 
to national development in developing countries seemed to be based on an ana-
logue of modernization theory and an optimistic version of staple theory, partly 
based on the historical experience of resource-rich countries such as Australia, 
Canada, and the United States.46 This view envisaged resource economies moving 
through three stages: (1) an export-oriented staples economy dependent on foreign 
capital and skills; (2) a diversified second stage when multipliers and linkages and 
externalities encourage the growth of other sectors, and that transforms the extrac-
tive base toward resource upgrading and manufacturing; and (3) the final stage of 
economic independence when the local economy has acquired its own indigenous 
capital and skills.47 In theory, if not in practice, the subsequent trends toward sus-
tainable development and neoliberalist strategy are not inherently inconsistent with 
this original position and could effectively be absorbed into the model in terms of 
selection of relevant indicators.

Recent approaches to measuring the linkage effects of mining across multiple 
scales such as GVC or supply chain value analysis, however, are more empirically 
based rather than theoretically driven by conceptualizations of development stages. 
When combined with traditional methods in measuring regional development 
linkages, important employment and multiplier effects can be identified and moni-
tored at different links along the chain, as the Rwandan case study demonstrates. 
The possible challenge to this approach, which uses methods such as input–output 
analysis, is the risk of focusing on financial indicators that, while providing reli-
able data and analysis on regional economic growth, do not fully encapsulate the 
breadth of development priorities of affected communities, as demonstrated in the 
Q-sort case studies. On the other hand, approaches such as the five capitals frame-
work that are more conceptually based and that emphasize inclusion both in terms 
of the objectives and measurement priorities of multiple stakeholders, could face 
challenges in providing the precision and empirical depth of the more-tested and 
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more-consistent parameters of economistic methods that produce quantitative data 
more readily used by decision-makers. Accordingly, an approach that combines 
the breadth and depth of each of these approaches is worth exploring further, as 
some of the key lessons from our case studies demonstrate.

For example, while the Q-sort methodology case studies uncovered qualitative 
data in the form of community concerns that the range of development indica-
tors should include those that monitor gender inequality, the data obtained in the 
Rwandan input–output analysis case study provided clear quantitative evidence 
that such inequities were in fact occurring and that they are a sound method for 
measuring their increase or decrease overtime. In addition, while the Rwandan 
case study confirmed linkages to employment and income generation along the 
supply chain, suggesting increases in mining sector output would stimulate other 
sectors of the local and regional economy, the findings from the Q-sort analyses on 
stakeholder perspectives provided a strong reminder that economic impacts should 
not focus exclusively on the exclusion of other important indicators. In particular, 
in areas where water contamination and air quality were an issue due to mining 
activity, the importance and relevance of natural capital indicators ranked consist-
ently higher than financial capital indicators as preferred measures of development 
impacts. The qualitative analysis of the Q-sorts also highlighted important com-
munity expectations about the roles and responsibilities of the government versus 
the private sector.

The differences of opinions in regard to the positive and negative impacts of 
mining and the roles of different actors revealed in the qualitative case studies high-
light the need to ensure that economic planning and investment in the community 
contributes to realizing the goals of poverty reduction and economic development 
at local and regional scales. As both the supply chain analysis in Rwanda and the 
Q-sort methodology studies in Rwanda, Zambia, Ghana demonstrated, one com-
ponent of this could be support for skills training and technical education, because 
this was also found among most groups to be a long-term benefit from the mining 
activity. Another lesson learned was the importance of using revenues from the 
extractive industries for sustainable social development programs such as creation 
of multiplier effects in other, more-durable sectors.

The findings of these case studies further support a primary conclusion of the 
linkage research of case studies conducted in other African countries: that national 
systems of innovation, skills development, and production linkages in promoting 
industrialization and knowledge intensification could play a positive role in over-
coming current limiting factors to linkages development.48

In line with increasingly global trends toward the development of knowledge 
economies, fostering employment and local business multipliers in technology-
related sectors, in particular, might serve to bolster the multiplier effects of mining 
operations during boom times, while facilitating the diversification of economic 
structure at local, regional, and national scales. To build this resilience to fluctua-
tions (and eventual decline) in mineral sector activity, and to ensure a trajectory of 
inclusive growth, requires policy decisions in both public and private realms that 
not only promote linkage effects, but also directly address the many challenges in 
their ongoing monitoring and measurement across multiple scales and dimensions 
of development.
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8 Measuring transformative 
development from mining
A case study of Madagascar

Fitsum Weldegiorgis and Cristian Parra

In brief

 • Madagascar is used as a case study to examine the long-term impacts 
of large-scale mining to economic development and social progress.

 • With efficient resources management, large-scale mining could be a 
source of long-term impacts (inputs) and transformative development at 
local, regional, and national levels.

 • Mining could account for up to 14 percent of GDP by 2025 while domi-
nating exports.

 • In 2025 about 51 percent of the projects’ operating costs are expected 
to be spent domestically.

 • Direct employment, indirect employment, and linked employment are 
estimated to rise between 2015 and 2025.

 • Policymakers, non-governmental organizations, civil society, and min-
ing companies need to coordinate efforts to develop complementary 
policies, strategies, and actions to transform mining opportunities into 
effective results.

Introduction

Large-scale mining development could contribute to the economic development 
and social progress in developing countries by generating significant monetary 
flows through capital investments, exports, local expenditures, salaries, and fiscal 
and non-fiscal payments. Together, these flows could transform the social baseline, 
improve fiscal budgets, and strengthen the domestic economy. Positive transfor-
mation has already occurred across different mining-intensive economies in Africa, 
Latin America, and Asia, where the resource boom of the past twenty-five years 
has generated unprecedented opportunities. Chile, Botswana, and India, among 
other countries, have been transformed to varying degrees.

On the other hand, the impressive progress in mining’s contribution since the 
beginning of the twenty-first century has caused a new set of societal concerns, 
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Figure 8.1 Map of Madagascar

demands, and expectations regarding how mining activities have been carried out 
and how the sector must conduct itself going forward. The sector has faced com-
plex challenges associated with distribution of mining revenues and benefits, the 
relationship between mining operations and directly affected people (e.g., tradi-
tional land owners and indigenous communities), and operational performance 
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regarding transparency, legitimacy of the mining legal frameworks, and effects 
on the environment. Because of these growing and complex concerns, mining 
projects have been delayed or even shut down in response to public opposition. 
The outcomes in terms of development and social progress will depend on how 
the mining sector and its interested groups address growing societal demands and 
expectations, and engage various actors to transform economic benefits into real 
social progress.

The contribution of large-scale mining development to a country’s economy 
has been at the center of various analytical perspectives from academics, devel-
opment institutions, research centers, and think-tanks, among others. In theory, 
these important intellectual and conceptual contributions could be used to under-
stand the flows of benefits into the main economy and the ultimate effects on 
society. In practice, however, these analyses have had limited contributions toward 
understanding large-scale mining development in a context characterized by very 
low levels of socioeconomic conditions and structural constraints, and weak insti-
tutional capacities (or will) to foster sustainable and equitable economic growth. 
In particular, these studies have not sufficiently considered poverty and human 
development levels of a country as indicators in discerning the level of mining 
influence and the magnitude of mining contribution to absorb and redress nega-
tive conditions.

This chapter uses a case study of Madagascar to demonstrate a more compre-
hensive approach to analyzing the potential of mining to contribute to transforma-
tive development in Africa. It is based on a study conducted by the Centre for 
Social Responsibility in Mining (CSRM) at the University of Queensland.1 The 
core research and analysis of the study conducted by the authors of this chap-
ter provides the main source of data and information. In addition, the authors 
refer to the different training and capacity-building activities they undertook in 
Madagascar during the years 2014 and 2015.2 Madagascar is useful as a case study 
because it provides a typical scenario where large-scale mining investment domi-
nates an economy that has growth potential; in addition, a political-economic tran-
sition in Madagascar could prove critical in policy and regulatory decision-making 
regarding the mining sector.

Madagascar and mining: an overview

Madagascar is characterized by a complex political situation and extremely dif-
ficult socioeconomic conditions with no clear positive trend of progress. Despite 
the new mining ventures that have begun to influence the economy, Madagascar 
remains one of the world’s least developed countries, ranking 158 out of 188 on 
the United Nations Development Programme’s (UNDP’s) Human Development 
Index. Between 2008 and 2012 a protracted political crisis dramatically reduced the 
country’s development indicators and led to a notable increase in poverty: people 
living below $1.25 a day has topped 87.7 percent of the population.3 Madagascar’s 
poor socioeconomic condition is characterized by high levels of illiteracy, low lev-
els of agricultural productivity, poor infrastructure, and substantial levels of infor-
mal employment and underemployment.4
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With a GDP of $9.17 billion, the country’s economy is overwhelmingly 
dominated by the informal sector, which accounted for an estimated 61.5  
percent of total employment in 2010.5 The country suffers from large-scale 
corruption, as indicated by the Ibrahim Index for African Governance,6 
which ranked Madagascar at 29 out of 54 African countries in 2015, and the 
Transparency International index, which ranked it at 133 out of 175 countries 
in 2014.7 Madagascar’s democratic institutions are not yet developed, leading to 
socioeconomic structural problems and political and social unrest. The return 
to an elected government in 2014 has raised hopes that these unfavorable trends 
could be reversed, however.

The objective of this study was to review the current and future direct eco-
nomic impacts of mining development in Madagascar, as a first step to a better 
understanding of the final potential contribution of the sector to societal well-
being and development in general. In developing the analysis, authors have kept 
in mind the following two points: (1) Mining development exists within a very 
complex international scenario characterized by growing societal expectations and 
demands for better benefit-sharing mechanisms, as well as by highly volatile com-
modity prices; (2) Madagascar remains in a very vulnerable and fragile socioeco-
nomic context.

Mining in Madagascar and the legal framework on which it is based are still 
gaining maturity. Until the 2000s chromite was the only commodity exploited 
industrially in Madagascar: In 1968 a French company, Compagnie Minière 
d’Andriamena (COMINA), began exploiting this mineral ore. The company 
was nationalized in 1975 and is now known as Kraomita Malagasy, or Kraoma 
SA. This medium-size mining company exported 47,200 tonnes of concentrate 
chrome and 38,222 tonnes of rock chrome in 2011, and had an accumulated initial 
investment of $2.83 million as of 2013.8 Large-scale mining markedly increased 
in 2005–2010 with the development of two large industrial mining projects that 
are now in their exploitation phase: (1) QIT Madagascar Minerals (QMM), an 
ilmenite, rutile, and zircon mine in Tolagnaro that started production in 2009;  
(2) and the Ambatovy Project, a nickel, cobalt, and sulphate of ammonia (as a 
refining by-product) mine near Moramanga, and a processing plant at Toamasina 
that started production in 2012.

QMM is 80 percent owned by Anglo-Australian mining giant Rio Tinto and 
20 percent by the Malagasy government. The site accommodates a mine, a sepa-
ration floating plant, and port facilities. The extracted ilmenite is exported to be 
enriched within the metallurgical complex of Sorel-Tracy of Rio Tinto in Canada. 
The project represents a global investment (in Canada and Madagascar) of $1.1 bil-
lion, of which $930 million had been invested in Madagascar as of 2008. QMM has 
a potential production at full capacity of 496,000 tonnes per year of ilmenite and 
26,710 tonnes per year of ZIRSILL (a mixture of zircon and sillimanite).

The Ambatovy Project was launched at the end of 2012 by a consortium of 
Sherritt International Corporation of Canada (40 percent), Sumitomo Corporation 
of Japan (32.5 percent), and Korea Resources Corporation of the Republic of Korea 
(27.5 percent). The ore slurry is conveyed by the help of gravity to the processing 
plant in Toamasina through a 220-kilometer-long pipeline. Processed product is 
shipped to international markets from the port of Toamasina. With an accumulated 
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investment of $7.2 billion as of 2013, the project has a production capacity of 
60,000 tonnes per year of refined nickel and 5,600 tonnes per year of cobalt.

The political crisis between 2008 and 2012 and Madagascar’s political transi-
tion has slowed mining exploration and degraded the country’s attractiveness as an 
investment destination. In light of these factors and the history of mining develop-
ment in Madagascar, it is likely that QMM, Ambatovy, and Kraoma will remain 
the only large-scale mining projects operating in Madagascar for the foreseeable 
future. Three deposits have been the focus of much attention and could come to 
life in the medium term, however:

1 Ilmenite extraction on the east coast and near Toliara on the west coast. The 
Madagascan coast is rich in mineral sands. The coast near Toliara has been 
explored, and a deposit there could contain resources of 959 million tonnes, 
including ilmenite and zircon. On the west coast Toliara Sands has an exploi-
tation license (EL), and by the end of 2013 had an environmental impact 
study (EIS) approved and under way. Depending on the results of the feasi-
bility study and according to preliminary studies, that potential mine could 
produce 407,000 tonnes per year of ilmenite and 44,000 tonnes per year of 
zircon concentrate.9 On the east coast around Toamasina, a Chinese company 
already extracts ilmenite on a small scale.

2 Coal extraction at Sakoa. Several companies in parallel explore coal deposits in 
this region.10 Initial estimates have identified resources of 1,100 million tonnes 
to 1,200 million tonnes of coal.11 If the feasibility studies confirm the initial 
estimates, the Greater Sakoa Basin could develop coal mines with a capacity 
of 5 million to 10 million tonnes/year.

3 Iron ore extraction at Soalala. According to initial estimates, this deposit could 
contain more than 800 million tonnes of reserves available for exploitation.12 
Wuhan Iron and Steel Corporation (WISCO), China’s third-largest steel-
maker, started exploration of the deposit in 2011. Limited information is 
available about this project; despite the ambitious plans, as of this writing the 
project has not advanced beyond exploration.

Other mineral deposits have some potential for development, although feasibility 
of some has not been demonstrated. These include:

 • Gold in Betsiaka, Maevatanana, and Dabolava, where mining permits were 
issued to several operators in 2008 to transform artisanal exploitation into 
industrial production.

 • Bauxite in Manantenina, where several companies, including Rio Tinto–
Alcan, hold prospecting permits.

 • Rare earths in Ampasindava and Fotadrevo. Occasional price peaks have 
renewed interest for rare earths, and several projects are active.

Artisanal and small-scale mining

Until recently, mining in Madagascar was dominated by the artisanal and small-
scale extraction of gold, and of precious and semiprecious stones such as sapphire, 
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ruby, aquamarine, tourmaline, topaz, amethyst, and emerald. At the end of the 
1990s a rush for sapphire and ruby led to the sudden development of new mining 
towns, Ilakaka and Sakaraha, and turned Madagascar into one of the world’s larg-
est producers of these two gemstones. The artisanal extraction of alluvial gold has 
been a livelihood activity in many parts of the country, and in some years produces 
several tonnes of gold.

The year 2012 was one of the peaks of gold and gemstone production in 
Madagascar. The production of gold increased by an estimated 900 percent from 
2011 to 2012, and that of ruby by an estimated 344 percent.13 Data on exports 
of precious stones from Madagascar give a good indication of the importance of 
small-scale mining: Based on UN Commodities Trade Statistics, approximately 
$250 million worth of gold and stones were exported to other countries (mainly 
the United Arab Emirates) from Madagascar in 2011. The dramatic increase in 
exports since 2008 has accompanied the increase in gold price during that period.

Extraction of gold and precious stones is almost exclusively informal. There are 
an estimated 500,000 artisanal miners across the country, making the artisanal min-
ing sector one of the three largest providers of employment, behind agriculture and 
ahead of the textile and clothing industry.14 While its contribution to the economy 
of Madagascar and livelihoods is significant, artisanal mining has also been asso-
ciated with considerable adverse impacts on health, safety, social harmony, the 
environment, and taxation revenue; it also is associated with corruption and illicit 
trade. To some extent, the development of large-scale mining has shifted attention 
away from investments and initiatives aimed at formalizing the artisanal and small-
scale mining sector and the government’s capacity to regulate the sector.

Quarrying

Madagascar produces a range of industrial minerals and other ornamental stones: 
graphite, gypsum, kaolin, mica, agate, quartz, labradorite, salt, granite, limestone, 
and marble. The most material example is cement: Holcim Madagascar SA was 
the second contributor of government payments after Ambatovy, according to 
data released by the Extractive Industries Transparency Initiative (EITI) in 2013.15 
Holcim employed 280 people in 2011, and consisted of 2 production centers: an 
integrated production capacity of 150,000 tonnes per year in Antsirabé (Ibity) and 
a bagging and silo facility with a capacity of 180,000 tonnes per year in Toamasina. 
Another company, Madagascar Long Cimenterie (Maloci) of China, also owns a 
cement plant with capacity of 360,000 tonnes per year.

Petroleum

Production of oil has started on a pilot basis at the Tsimiroro site, but exploration 
is expected to expand significantly. The Tsimiroro oil field is the most advanced on 
shore, with an estimated deposit of 1 billion to 3.5 billion barrels.16 The company 
is owned by Madagascar Oil and is in a partnership with Total for the exploration 
of the neighboring field of Bemolanga. Off-shore oil potential is not proven but 
the proximity to fields in Mozambique suggests potential.
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Methodology

The study provided a prospective view about future mining activities by building 
a simplified economic or cash-flow model to analyze potential scenarios of direct 
and indirect contributions of mining in Madagascar. This model considers projec-
tions of direct and indirect mining economic impacts using macroeconomic vari-
ables to evaluate the relative weight of impacts.

The data collection method included field research within Madagascar with visits 
to mining sites, semi-structured interviews, and workshops with local stakeholders.

Three possible scenarios for the future of large-scale mining activities in 
Madagascar were developed to forecast the potential impacts of the sector for the 
period of 2014–2035. Scenarios of large-scale mining development in Madagascar 
were constructed based on the history of mining in the country, a prospective 
analysis of operational and planned mining projects in various stages of develop-
ment, and consultations with key actors.

 • Mining Activities Scenario 1: Scenario 1 consists of the existing large-scale 
mining projects of Ambatovy, QMM, and Kraoma.

 • Mining Activities Scenario 2: Scenario 2 considers Scenario 1 and two addi-
tional mining ventures: Toliara Sands and Sakoa Region (Greater Sakoa Basin).

 • Mining Activities Scenario 3: Scenario 3 considers the first two scenarios and 
the development of the Soalala Project.

The study developed a simplified cash-flow model for individual mining pro-
jects based on empirical data, estimates, and assumptions of the cost structure of 
the projects; actual and forecast production; market conditions and prices; and 
an analysis of the fiscal regime for mining in Madagascar. The models for each 
individual company were then aggregated to estimate the monetary effect of the 
large-scale mining sector in Madagascar, including national costs, salaries, taxa-
tion, and royalties.17 The final component of the model uses an analysis of the 
projected macroeconomic conditions in Madagascar to determine the impact of 
large-scale mining development on key economic variables, including exports, 
GDP, employment levels, fiscal revenues, GDP per capita, and fiscal revenue per 
capita. The study performed a sensitivity analysis to map the impact of variations 
in production and commodity price.

The analysis of scenarios estimates the time taken (in years) for key phases of 
planning and construction before projects operate at full capacity (see Table 8.1). 
The phases analyzed are feasibility studies; financial structure, legal approval, and 
permits; engineering and procurement; construction; start up; and production at 
full capacity. Analysis of the three scenarios of mining development in Madagascar 
indicates that the projects studied under Scenarios 2 and 3 are not likely to reach 
the construction phase before 2019–2020, with Scenario 2 and Scenario 3 achiev-
ing full capacity no sooner than 2023–2024 and 2025, respectively. The projects 
will not transition automatically from one stage to another but will do so only after 
significant effort on the part of government and other relevant actors.

Large-scale mining companies, in particular Ambatovy and QMM, invested 
around $8.13 billion in the period 2005–2013. In the following period 
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(2014–2024) the sector is forecast to invest an additional $1.98 billion, of which 
89 percent would consist of investment by WISCO. The potential investments 
of the additional mining projects (Toliara Sands, Sakoa Region, and WISCO) 
are highly uncertain. The investments by QMM and Ambatovy represented a 
historical inflection point for the economy of Madagascar, accounting for 39 per-
cent of total investment during 2005–2009. Ambatovy’s investment continued to 
represent a significant addition to the total investment until 2013, accounting for 
65 percent of total investment during 2010–2013. In contrast, foreign investment 
in all sectors did not exceed $256 million during each five-year period from 1970 
to 2004.

Macroeconomic effects

Large-scale mining projects under analysis contributed to $126 million in total 
monetary flows to the Madagascan economy in 2012 (Table 8.2). Monetary flows 
are expected to increase as all three operating mines reach full production capac-
ity. Large-scale mining operating at full capacity could generate monetary flows 
amounting to $460 million in 2015, $1,210 million in 2025, and $1,500 million in 
2035, according to the model’s most optimistic predictions. Domestic expenditure 
would dominate this flow with fiscal contributions increasing by proportion in the 
last seven years of the time period of analysis (2028–2035). The fiscal contribution 
(discussed further in the next section of this chapter) is forecast to represent 25 
percent of total monetary flows in 2035 as compared to 9 percent in 2015 and 7.2 
percent in 2025.

The total contribution from salaries is forecast to rise significantly in 2023–2024 
when Toliara Sands, Sakoa Region, and WISCO enter the exploitation phase 
during Scenario 3. Salaries are forecast to remain steady in the final ten years of 
the analysis, hence their proportion of the overall monetary flow decreases over 
this period. A forecast increase in monetary flows over the final ten years of study 
period (2025–2035) is due to flows from Scenarios 2 and 3 that are slated to begin 
between 2023–2024. Over the period of analysis and beyond, income before cor-
porate tax will progressively increase as accumulated losses decline, affecting cor-
porate tax and withholding tax on dividends.

The final effect in terms of monetary flows will depend on how many compa-
nies ultimately operate in Madagascar (Scenarios 1, 2, or 3), the level of produc-
tion, and commodity prices. International evolution of commodity prices could 
have an important effect on fiscal contributions (i.e., it could reduce the net profit 
and consequently the level of corporate tax) and could have a reduced effect on 
salaries and national procurement (i.e., because of the relatively fixed cost structure 
of mining).

Large-scale mining development in Madagascar could have a significant impact 
on the national GDP (i.e., the country’s capacity to generate added value), and on 
future opportunities for development. In 2012 Scenario 1 companies accounted for 
$96 million of GDP, of which $54 million was direct and $42 million was indirect 
mining GDP. The higher direct-to-indirect GDP ratio (1 to 0.78) could be attrib-
uted to the domestic costs Ambatovy and QMM incurred during the early phases 
of mining development.
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Mining development could generate a direct mining GDP of $554 million in 
2015 and $1,898 million each year from 2025 to 2035. It is estimated that indirect 
GDP (the added value generated in other sectors because of mining salaries and 
local procurement) could amount to $159 million in 2015 and $462 million each 
year from 2025 to 2035. This means that for each dollar of GDP generated by 
mining, mining-related activities will indirectly generate $0.29 in 2015 and are 
expected to generate $0.24 each year from 2025 to 2035.

The significant contribution to GDP by large-scale mining development in 
Madagascar can be understood in relative terms to other sectors. Total mining GDP 
is forecast to be 110 percent of industry GDP, 46 percent of agriculture GDP, and 
35 percent of services GDP in 2025. The contribution of mining to GDP emanates 
directly from the added value and productivity of large-scale mining investments in 
Madagascar over the study period (2014–2015). While this contribution is relatively 
stable given the realization of planned investments and productivity, it will not inev-
itably contribute to economic development and improved livelihoods. It is instead 
an opportunity that can be translated into sustainable human development, depend-
ing on how benefits are generated, managed, and distributed at the local level.

As shown in Figure 8.2, large-scale mining in Madagascar started to make a 
notable contribution to GDP after 2012. Mining accounted for only 1 percent of 
the total GDP in 2012. If Madagascar maintains the economic trend of the past five 
years, it could increase its GDP without mining from $10 billion in 2012 to $10.7 
billion in 2015 and $14.2 billion in 2025.

With Scenario 1 mining companies operating at full capacity, the GDP of 
Madagascar could grow to $11.4 billion in 2015, with mining representing 6 
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percent of the total GDP. By 2025 all mines under the three scenarios are forecast 
to contribute to 14 percent of the $16.6 billion overall GDP. The industry sector 
(including mining projects at full capacity) could represent up to 27 percent of the 
Madagascan economy by 2025. This potential macroeconomic contribution of 
mining development represents an opportunity to transform the economy through 
new capital investments and to reinforce Madagascar’s economic growth.

The large-scale mining projects under analysis operating at full capacity could 
generate export earnings of $1,139 million in 2015 and $3,696 million each year 
from 2025 to 2035. As shown in Figure 8.3, mining exports are expected to 
account for 54 percent of total exports by 2025, a significant increase from 30 per-
cent in 2015 and 8 percent in 2012; that increase is mainly due to the expected shift 
to full capacity of Ambatovy’s production and forecast price increase for ilmenite 
and chromium in the cases of QMM and Kraoma. The rise in mining share of total 
exports in 2023 and onward is mainly due to the full-scale production from the 
additional mining activities in Scenarios 2 and 3, which accounted for 66 percent 
of total mining export (the remaining 34 percent being that of Scenario 1).

Fiscal contribution

The analysis presented is modeled using estimates of the cost structure of the large-
scale mining companies; average realized ore prices for the companies currently in 
operation until 2014; price forecasts for the period 2015–2035 based on different 
forecasting methods, including the World Bank Group’s forecasts; and the final 
or net effects of royalties and income taxes, indirect taxes, and direct payments.18 
The accuracy of the modeling depends on the stability of the tax regime and 
legal framework for mining, corporate policies such as accounting and investment 
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policies such as depreciation, fiscal discounts, and dividends, commodity prices, 
production levels, and cost structure.

The model was benchmarked against data of payments disclosed by the 2011 
EITI report for Madagascar.19 While the model accounted for the tax and royalty 
payments that we determined to be fiscal contributions, EITI data represent both 
tax and royalty contributions, as well as payments (and taxes) that are not considered 
fiscal contributions in this study. Penalties, administration fees, personal income 
tax of employees, pension fund contributions of employees, environmental impact 
assessment (EIA) evaluation fees, visa and identity card fees, and other one-off pay-
ments are not included in the model but represent a substantial component of the 
payments to government represented by EITI data. Many of these payments are for 
services provided by government or for contributions by employees, which should 
not be considered as fiscal contributions of the mining sector. The magnitude of 
these payments, however, indicates an indirect value providing resources for ser-
vices delivered by government or resulting from the labor of employees. It should 
be noted that although royalties are grouped under the term fiscal income in this 
study, they are in effect a payment for the state’s ownership of mineral resources.

The model does not include all mining and mineral exploration companies 
operating in Madagascar. A number of small companies excluded from analysis do 
make a fiscal contribution, calculated to be around $2 million in 2011. The mod-
eling presented here, does, however, account for state participation, which is not 
disclosed in EITI data. The state’s participation is particularly significant in the case 
of Kraoma, where 97.2 percent of net profit goes to the state.

The large-scale mining projects currently in production (Scenario 1) con-
tributed a total fiscal income of $18.2 million in 2012 (Table 8.3). This income 
consisted of state withdrawal from Kraoma (37 percent), royalties (19 percent), 
corporate taxes (16 percent), professional taxes (13 percent), and foreign transfer 
taxes (11 percent). In 2015 Scenario 1 projects were expected to produce at full 
capacity and the total fiscal income is forecast to increase to $43 million. All the 
large-scale mining projects under analysis (Scenario 3) expected to operate at full 
capacity in 2025 could generate a total fiscal income of $88 million in 2025. The 
majority ($52 million) of this total is from Scenario 2, which excludes WISCO.

In the period beyond 2022, state withdrawal is modeled to cease with the pro-
jected ending of Kraoma’s operations. QMM, in which the state has 20 percent 
participation, is not projected to result in state withdrawal for the period of analysis 
due to carry-forward of forecast losses. By 2035 the sector could generate $378 
million under Scenario 3. This is more than a fourfold increase from forecasted 
contributions of $88 million in 2025. This substantial increase in fiscal contribution 
begins in 2028 (Figure 8.4). During the period 2025–2035, corporate taxes make 
up a large portion of the total fiscal income, and are expected to contribute $212 
million (56 percent of the total) in 2035. The next significant income comes from 
withholding taxes on dividends and royalties (21 percent and 17 percent of total 
in 2035, respectively). Royalties are the predominant fiscal income between 2014 
and 2027 for all scenarios.

Corporate income taxes do not generate a majority of fiscal income for Scenario 
1 at any point. Corporate taxes are forecast to generate a majority of fiscal income 
for Scenario 2 in 2035 and for Scenario 3 in 2028 (Figure 8.4). This is largely due 
to fiscal incentives such as investment depreciation, carry-forward of accumulated 
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losses, and investment tax credits. The total fiscal income from the currently oper-
ating large-scale mines is forecast to be $38 million in 2035. Royalties, state with-
drawal (in the case of Kroama), non-refundable VAT, minimum corporate tax, 
and professional tax are the largest contributors to fiscal income from currently 
operating mines during the period of analysis.

Ambatovy and QMM are not forecast to pay corporate tax above the threshold 
of minimum corporate tax (0.5 percent of income). The benefits of these invest-
ments are realistically derived from the provision of employment, procurement, 
and infrastructure, as well as the strengthening of the investment climate for future 
growth of the large-scale mining sector. These two companies are expected to 
generate a greater degree of fiscal income after the period of analysis when fiscal 
incentives decline. For the period of analysis, and under all scenarios, corporate 
taxes (beyond the mandated minimum corporate tax) and withholding taxes on 
dividends are estimated to be generated almost exclusively by WISCO and Toliara 
Sands, with the coal projects of the Sakoa Region contributing in the final year of 
analysis (2035; see Figure 8.4). From 2028 WISCO is expected to account for 84 
percent of yearly fiscal income, moderating to 76 percent in 2035 (averaging 81 
percent in the period 2028–2035).

The impact of mining’s contribution to government revenues in Madagascar is 
estimated in Table 8.4. Using the average fiscal revenue as a percent of GDP for 
2008–2010, the fiscal revenue of Madagascar with mining as a percentage of GDP 
is assumed to be 14 percent each year for the period 2011–2035. This assumption 
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Table 8.4 Total estimated fiscal income of Madagascar

2009 2010 2012 2015 (e) 2025 (e) 2035 (e)

Fiscal revenues in 
Madagascar

Fiscal incomes (Internal) 526 536 0
Fiscal incomes on 

international trade
385 386 0

Other national incomes 41 125 0
Donations and grants 98 81 0
Government revenues 

(without mining)
1,051 1,129 1,407 1,675 2,362 3,048

Government revenues 
per capita (without 
mining)

51 54 63 70 80 84

Mining fiscal contribution 
(S1) (e)

1 23 18 43 40 38

Mining fiscal contribution 
(S3 less S1) (e)

48 340

Government revenues 
(with mining)

1,052 1,152 1425 1,718 2,450 3,426

Government revenues 
per capita (with 
mining)

51 55 64 72 83 94

Total government 
revenues with mining 
(% of GDP)

12% 13% 14% 14% 14% 14%

Mining contribution 
to government 
revenues

0.13% 2% 1% 3% 4% 11%

Note

1 Estimations based on “Annual Report of Central Bank of Madagascar: 2008–2010.”
2 All numbers are in US$ million, except government revenue per capita.

might be affected by how fiscal revenues other than mining change over time. As 
shown in Table 8.4, government revenues without mining were $1,129 million 
in 2010 and $1,407 million in 2012. With mining, revenues total $1,152 million 
in 2010 (a 2 percent increase) and $1,425 million in 2012 (a 1 percent increase).

Future forecasts of government revenues without mining are estimated to be 
$1,675 million (2015), $2,362 million (2025), and $3,048 million (2035). With 
mining, total government revenues are expected to increase by 3 percent (to 
$1,718 million) in 2015 and 4 percent (to $2,450 million) in 2025. As discussed 
earlier, the increase is more significant starting in 2028, when the additional com-
panies in Scenarios 2 and 3 are forecast to begin paying taxes, in particular corpo-
rate taxes and withholding taxes on dividends. The overall government revenues 
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are forecast at $3,426 million in 2035, with mining accounting for 11 percent of 
the total. When expressed per capita, government revenues including mining are 
expected to increase from $64 in 2012 to US$72 in 2015, and are expected to con-
tinue rising to US$83 (2025) and $94 in 2035. Although a significant contribution 
of mining is expected from 2028, the change in government revenues per capita 
thereafter is insignificant due to forecast increase in population.

The large-scale mining projects currently in production (Scenario 1) generated 
$3.4 million in royalties in 2012. This is expected to increase to $14.4 million in 
2015 when Scenario 1 mining projects operate at full capacity. Royalties are fore-
cast to double in 2024, reaching $28 million as a result of additional royalties from 
mines in Toliara Sands and Sakoa Region ($11.85 million). From 2025 to 2035, 
Scenario 3 mining projects operating at full capacity are estimated to generate 
$64 million in royalties annually. WISCO’s contribution is forecast to dominate 
accounting for 57 percent of the total royalties.

According to the mining code, an important part of the total royalties (70 per-
cent) are managed by local governments, with the remaining 30 percent managed 
by the central government. The 70 percent of total royalties managed by local 
governments are further distributed to autonomous province (10 percent), region 
(30 percent), and commune (60 percent) levels.

Based on these royalty distributions, local governments received $2.4 million 
in royalties from currently operating (Scenario 1) projects in 2012, of which $1.4 
million was allocated to communes. When Scenario 1 projects are expected to 
operate at full capacity in 2015, they are forecast to generate royalties amounting 
to $10.1 million for the local governments. Communes would receive $6.1 million 
of this total. The addition of Toliara Sands and Sakoa Region projects in Scenario 
2 is forecast to raise the total royalties to $19.3 million in 2024 that is due to the 
local governments. Of this total, $11.6 million would be distributed to communes. 
From 2025 to 2035 Scenario 3 projects operating at full capacity are forecast to 
annually generate royalties totaling $44.8 million to local governments, of which 
communes would receive $26.9 million and regional governments $13.4 million.

The royalties accruing to local governments could have a significant impact on 
public policies at the local level given the current challenging fiscal situation in 
Madagascar that has reduced the capacity to develop new and tailored social pro-
grams. The analysis shows that royalties managed by all the relevant entities could 
have a direct impact on the provinces of Toamasina, Toliara Sands, and Mahajanga 
from the large-scale projects in their respective jurisdictions. Accordingly, Toliara 
Province received $1.2 million in royalties, while Toamasina and Mahajanga 
Provinces shared approximately equal amounts of the remaining $1.46 million in 
2012. The three provinces are predicted to receive a total of $10.1 million in royal-
ties, with Toamasina benefiting the most ($8 million) in 2015. These royalties are 
largely due to Ambatovy’s contribution.

In 2024 Toamasina and Toliara are expected to be the only benefiting provinces, 
receiving royalties of $9.13 million and $10.14 million, respectively. These two 
amounts combined are almost double that of the total royalties the three provinces 
are expected to receive in 2015, which is US$10.1 million. Mahajanga Province is 
not forecast to receive royalties in 2024 because we estimate that Kraoma will have 
ceased mining and WISCO will not start operation before 2025. The total royalties 
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received by the three provinces are forecast to more than double, reaching $44.95 
million each year from 2025 to 2035.

The study identified that establishing a consensus formula for royalty distribu-
tion at the commune level has been an ongoing challenge. During the study period 
royalties were distributed to the communes where the mining area is located. 
There are two arguments for extending this distribution to other communes:  
(1) Mining activities make use of different industrial facilities and associated infra-
structure beyond the communes where the mine is located; (2) the socioeconomic 
effects of mining activity extend beyond these communes. This was clarified by 
ministerial decree in February 2014, further breaking up royalties earmarked for 
communes into communes of extraction (60 percent), communes hosting process-
ing plants (25 percent), and other affected communes (15 percent).20

The legal framework, tax, and royalty regimes for mining development in 
Madagascar is in three parts: (1) mining code–general regime; (2) Madagascar’s 
law on large-scale mining (Loi sur les Grands Investissements Miniers, or LGIM 
regime); and (3) special agreements or QMM convention. They are a composite 
model based on different norms and rules according to different needs and state 
objectives in different time periods of Madagascar. The strength of the current 
LGIM regime is that it is legislated and not negotiated project by project. In the 
context of the political instability between 2008 and 2012 in Madagascar, the 
legal and tax framework for mining development has proved to be a competitive 
tool from the perspective of attracting foreign mining investment in the coun-
try. The regime has allowed the materialization of significant mining investment 
of $8.1 billion in a relatively short period (2005–2013). The magnitude of this 
investment is comparable to initial foreign mining investment in other mining 
countries in the 1990s (e.g., Botswana, Chile, or India). In addition, Madagascar’s 
royalties (and indeed the tax rates) are competitive when compared to other 
African mining economies.21

Madagascar’s fiscal regime has achieved its aim to attract mining investments 
despite the early stage of the mining industry, the recent political risk, and the 
unfavorable quality of infrastructure. Madagascar now needs to consider whether 
the current mining policy regime and fiscal settings are suited to seize the oppor-
tunities of the next generation of mining investment. The fiscal income forecasts 
in this study revealed that royalties are the dominant means of securing revenue 
in the early stages of investment, as rapid cost recovery and low rates of tax 
limit fiscal income. An increase of the royalty rates would appear justified, as 
would amendments to when incentives such as investment tax credits can be real-
ized. Large capital investments in downstream processing can provide additional 
opportunities along the value chain, but they also attract significant fiscal incen-
tives that limit the realization of fiscal income over long periods. Any revisions of 
the fiscal regime should respect existing stability clauses to maintain and enhance 
investor confidence.

Economic linkages: local procurement

This study estimated that the currently operating large-scale mining sector in 
Madagascar (Scenario 1) generated an operating cost of around $160 million in 2012. 
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This figure was forecast to rise to $585 million in 2015. With additional mining 
projects at Toliara Sands and the Sakoa Region (Scenario 2), mining could generate 
an operating cost of $888 million in 2024. This would double in 2025–2035 with 
the addition of the WISCO project (Scenario 3). Around 49 percent of operating 
costs is estimated to be spent on energy, power, and fuel until 2013. These costs are 
expected to decline in the period 2024–2035 when energy, power, and fuel costs 
would account for just 29 percent of total operating cost. Detailed disaggregation of 
costs was not made available by the companies covered in this study, and the study 
estimated the contribution to local procurement using the local proportion of cost 
that the companies revealed to the research team.

In 2015 operating costs of the currently operating mining projects were forecast 
to consist of 46 percent imports ($267 million) and 54 percent direct costs of local 
goods and services ($318 million). This local demand for goods and services will 
generate important business opportunities for large-, middle-, and small-size sup-
pliers in the country. If we assume that 50 percent of the direct local cost could be 
spent procuring from large-size suppliers, 40 percent from medium-size suppliers, 
and 10 percent from small-size suppliers, the dollar amounts would be $159 million 
(large), $127 million (medium), and $32 million (small).

In 2025 direct cost in the form of local goods and services are forecast to 
increase to $924 million, which is more than double that of 2024. This represents 
51 percent of the total operating cost with the remaining 49 percent ($874 mil-
lion) representing imports. Based on the aforementioned assumption, $462 million 
of the total direct local cost in 2025 would be spent on goods and services pro-
vided by large-size suppliers. The remaining $370 million would be procured from 
medium-size suppliers and $92.4 million from small-size suppliers.

While the potential contribution is significant, it will depend on the final cost 
structure of mining in Madagascar. As with other mining activities worldwide, the 
cost structure of projects is a composite of different factors such as geology and 
mineral resources; availability and quality of local suppliers; skills, productivity, and 
cost of labor; mining and processing technology; financial and investment struc-
ture; and management capacities of the mining companies.

Ambatovy used more than seven hundred small- and medium-size enter-
prises across forty sectors in 2013. The company’s database indicates that, as of 
2014, 3,500 businesses, including more than 2,700 local companies, were used by 
Amabatovy and its subcontractors.22 A report for the Chamber of Mines found that 
QMM has a database of nine hundred suppliers with three hundred active suppliers 
in the past three years.23 The sectors with the most potential for linkages with min-
ing include transportation, food services, miscellaneous services such as cleaning, 
technical assistance, insurance, and auditing.

In Madagascar, laws and regulations do not precisely define local procure-
ment. The term local is used in different contexts as a reference to different levels, 
either the national level (local), or the regional level (local–local), but there is 
no consensus on the criteria used to identify these terms. Experts have suggested 
that a series of criteria, including the percentage of local staff, management, 
and ownership, would be appropriate to adequately capture truly local entities.24 
Large-scale mining companies often refer to local suppliers as any enterprise 
registered in Madagascar, and understand local purchases to mean any goods and 
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services purchased from a local supplier. Statistics on local procurement have 
been provided by mining companies on this basis, but such data could obscure 
international suppliers registered locally in Madagascar.

The new large-scale mining investments in Madagascar have adhered to a number 
of international standards, regulations, and policies that promote local development. 
In some cases, these standards have been adopted following voluntary initiatives, but 
most of them have been included because of specific requirements and covenants 
of shareholders, investors, and mining lenders. The Malagasy law does not require 
companies to supply their goods and services locally, but QMM and Ambatovy 
have their own policies to enhance business relationships with the local econ-
omy, including (1) local preference for purchases and procurement; (2) training of  
small-size local suppliers to strengthen administrative and management capacities; 
and (3) specialized payment arrangements for small-size local suppliers.

These corporate efforts, sometimes with the collaboration of international organi-
zations such as the GIZ (Deutsche Gesellschaft für Internationale Zusammenarbeit) 
and the World Bank Group, aim to establish long-term relationships with local 
suppliers and enhance inclusive development beyond the direct economic ben-
efits at the national and regional levels. CARA (Anosy Regional Affairs Centre of 
QMM) and ALBI (Ambatovy Local Business Initiative) are two specific corporate 
initiatives to develop and support local suppliers. In 2012 QMM spent around $12 
million in direct purchases linked to local suppliers and organized training pro-
grams for 335 local suppliers.

In addition to local procurement, large-scale mining development in Madagascar 
presents an opportunity for complementary development of public and private 
infrastructure. The QMM and Ambatovy projects are linked to the development 
of ports, roads, bridges, facilities for providing social services, a thermal power 
station, power lines, and a water distribution system, among other infrastructure 
projects (see Box 8.1).

Box 8.1 Local infrastructure investments

Examples of complementary infrastructure: QMM

Infrastructure Description and public-interest goal pursued

Port Ehoala Construction designed to support mining development 
and economic development of other sectors.

Toalognaro port Rehabilitation to provide continuity for traffic during 
construction of the new port.

Roads, including main 
RN 13

Rehabilitation to provide access to landlocked region 
(90 km rehabilitated between 2005 and 2012).

Drinking water 
Treatment plant

Rehabilitation of water treatment plant, installation of new 
sewage system, construction of new plant to provide 
access to drinking water (urban population needs met).

Electricity Purchase and installation of generator for the city to 
have a reliable source of electricity.
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Roads Built and/or enhanced 100 km of roads and bridges.  
Objective: Enhance safety, security, and access for local 
populations to transportation corridors and markets  
Linking plant to port.

Port Upgrades to the port of Toamasina, Madagascar’s largest 
seaport—over $70 million invested. Objective: Ensure a safer, 
cleaner transfer of energy products from tankers and bulk 
primary materials from cargo ships.

Railway A 12 km railway line built in parallel to the existing line between 
the plant site and the port. Objective: create the capacity 
needed to move commodities efficiently between the port and 
the plant site.

Water pumps Drilling of wells and installation of water pumps along the 
pipeline.

Anjoma 
market

In 2010, construction was completed on the new Anjoma 
Market, which was handed over to the Municipality 
of Toamasina. Municipality has developed a detailed 
management plan.

Training 
facilities

Project supported physical infrastructure renovation and 
investment in new equipment at institutions, such as the 
University of Toamasina and the Alarobia Polytechnic School 
in Antananarivo. The objective was to invest in local human 
capital.

Employment

The model on employment estimates that the current large-scale mining projects 
in Madagascar (Scenario 1) operating at full capacity will provide direct employ-
ment for 4,200 people during the period 2015–2022 (Figure 8.5). Employment is 
forecast to remain steady until Kroama has ceased production in 2023 as antici-
pated, with employment declining to 3,900 people that year (despite the potential 
for 200 additional jobs created by the start of Toliara Sands in Scenario 2). Direct 
employment associated with Scenario 2 is forecast to increase to 4,950 in 2024, 
largely due to the potential for the Sakoa Region projects to start operating at full 
capacity. Scenario 1 projects, however, are still expected to dominate employment 
during this period, contributing 100 percent (2015), 95 percent (2023), and 75 
percent (2024) of the total jobs created.

Scenario 3 is forecast to raise direct employment to 10,950 jobs in 2025 (and 
each year until 2035). The number of jobs created by Scenario 1 and 2 projects is 
estimated to remain at 3,700 and 1,250, respectively, during this period. WISCO in 
Scenario 3 is forecast to generate a significant number of direct employees account-
ing for 55 percent of the total forecast of 10,950 jobs (between 2025–2035), with 
34 percent of the total generated by Scenario 1 projects. This analysis does not 
include forecasts for job creation in the construction phase, during which more 
people normally are employed.
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Figure 8.5 Total direct employment by year, with mining activities at full capacity

Large-scale mining is supported by a wide range of businesses in Madagascar. 
Modeling of indirect employment in this study assumed that three rounds of sup-
pliers could benefit from the total domestic cost of the large-scale mining. Each 
round of supplier is expected to create its own jobs. To estimate jobs created by 
the mining sector and linked suppliers, we use the salaries generated by mining in 
relation to the base salary in Madagascar. The cost structure of the three rounds 
of suppliers is assumed to be 20 percent salaries, 50 percent direct cost, 10 per-
cent taxes, and 20 percent net profit, with the average salary of mining sector and 
linked suppliers estimated to be five times the base salary in Madagascar (that is, 
$480 per month, or $5,754 per year). On the one hand, higher salaries associated 
with mining sector activities provide greater opportunities for mining suppliers and 
local spending. On the other hand, unusually high salary levels can cause inflation, 
inequality, social tensions, and economic disruptions, affecting the poorest most.

Using the assumptions above, it is estimated that the currently operating 
Scenario 1 projects are forecast to create 19,321 indirect and linked employment 
in 2015 (figure 8.6). In addition to the direct mining employment, a total of 23,521 
people are beneficiaries from Scenario 1 mining employment.

As with the direct employment, the indirect and linked employment created 
by the additional Scenario 2 projects (Toliara Sands and Sakoa Region) are fore-
cast to come into effect at different years depending on the start of their full 
capacity production. As a result, the total indirect and linked employment created 
by Scenario 2 projects is forecast to be 20,188 persons in 2023, rising to 28,552 
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Figure 8.6  Total direct, indirect, and linked employment by year (mining activities at  
full capacity)

Notes: 

1 The same values as 2025 for each year until 
2035.

2 Indirect employment is considered here as 
the employment generated by Round 1 
mining suppliers.

3 Linked employment is an overall estimation 
about the total labor force of Madagascar 
that has or will have a connection with 
mining activities. 

Linked employment must be understood as: 

a) ‘existing employment that now is linked to 
mining local procurement’, and 

b) ‘new employment positions created because 
of mining demand’. 

Assumptions

Three Rounds of Suppliers: Round 1 supply to 
mining projects, Round 2 supply to Round 1, and 
Round 3 supply to Round 2

Cost Structure the three Rounds of Suppliers:

Salary 20%
Direct Cost 50%
Taxes 10%
Net Profit 20%

Average salary of mining suppliers and linked 
suppliers:

US$ 480 per month (if we assume it to be 5 
times the legal minimum monthly salary in 
Madagascar)

Exchange rate: 1US$ = 2323 Ariary

in 2024. In addition to the direct jobs created, mining is therefore forecast to 
be responsible for a total of 24,088 direct, indirect, and linked jobs in 2023 and 
33,502 jobs in 2024.

During the period 2025–2035 the potential full employment effect of all the 
large-scale mining projects studied (Scenario 3) is forecast to be realized. This 
means that, similar to the direct employment, the indirect and linked employment 
created could rise to 56,228 jobs in 2025. By the same proportion, the potential 
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final employment effect of mining (direct, indirect, and linked) could be 67,178 
people employed in Madagascar in 2025. This is projected to be the case each year 
from 2025 to 2035 (Figure 8.6).

In a context where 75–85 percent of the population in Madagascar is located in 
rural areas and only 15 percent and 3 percent of the labor force hold secondary and 
tertiary qualifications, respectively, training and skills development represent an 
important contribution to local development. For some people, the training initia-
tives offered by the mining industry represent their only opportunity for advanced 
professional training.

The government of Madagascar expects the mining sector to prioritize the 
employment and training of Madagascan citizens. Chapter 4 of the LGIM states 
that mining companies must give priority to Malagasy nationals (Article 103) and 
put in place a training plan that prepares Malagasies for employment at various lev-
els of company activities (Article 104). Efforts have been made to meet this expec-
tation, with over 84 percent of Ambatovy’s direct employees and contract workers 
and 94 percent of QMM’s direct employees (excluding Antananarivo office staff) 
Madagascar nationals.25,26

Transformative development: concluding remarks

The approach adopted in this study went a step farther to understand how mining 
outcomes are connected to country development goals. It acknowledges the need 
to account for the socioeconomic context in which mining exists as a starting point 
before we can assess the contribution of mining. As such, it enables identification 
of key considerations for policy and legal reform from the point of human devel-
opment effect. Although progress can be made in achieving the direct and indirect 
positive impacts as well as in minimizing the negative social and environmental 
impacts, experience in recent years has brought to light the fact that those posi-
tive impacts have not been translated into societal well-being. Efforts to enhance 
mining’s contribution through the various indicators analyzed in this study should 
be people centered, focusing on poverty reduction and improvement of social 
conditions. The Sustainable Development Goals (SDGs) which came into effect 
in January 2016 should present an opportunity for the mining sector to reengage 
with society using a new lens.

Realizing the forecasted financial flows and the potential contribution to sustain-
able development could be enormously difficult, as demonstrated by the significant 
disparity in what the studied projects in Madagascar are expected to contribute in 
the short and long runs. Discussion of the factors that explain this disparity could 
help channel appropriate policy reform:

 • Status of projects: As described above, the projects profiled are in various stages 
of development, with Kraoma, QMM, and Ambatovy currently in operation 
and the rest in various stages of evaluation. QMM and Ambatovy were yet 
to reach full production capacities at the time of study, whereas Kraoma was 
phasing out with few years of production left. The rest were in the feasibil-
ity stage with the assumption that full production would not be reached until 
2024–2025.
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 • Sizes of investments: Ambatovy and QMM represent significantly greater 
investments, with WISCO expected to take investment to a new high level. 
These large investments significantly affect the financial flows at construction 
and production phases.

 • Mining legal regimes: The studied projects are administered by three different 
legal regimes (mining code–general regime, LGIM regime, and special agree-
ments or QMM convention). As such, the fiscal contributions by the various 
projects vary depending on incentives and requirements they are subject to. 
For this reason, QMM and Ambatovy were not expected to make any pay-
ments on corporate tax, whereas WISCO, Toliara Sands, and Sakoa Region 
were expected to make such payments toward the end of the study period.

 • Assumptions on commodity prices and production levels: The scenarios are 
based on forecasted assumptions regarding the start and continuity of produc-
tion at full capacity, stability of commodity prices, and consistency of legal 
regimes. These factors are highly vulnerable to changes affecting the overall 
monetary flows estimated in this study. For example, the WISCO project, 
which caused the major inflection point in the amount of monetary flows 
toward the end of the study period, is included under the assumption that it 
will go ahead as planned. It is also highly likely, however, that it might not be 
realized due to a number of possible impediments.

While these factors indicate the uncertainties surrounding the realization of the 
forecasted monetary flow and other benefits, the study demonstrated that there 
are potential benefits, and that they can be harnessed with appropriate regulatory 
reforms and enforcements, and given stabilized commodity prices, barring any 
future major shocks. The transformation of the direct economic benefits into a real 
social progress will depend on the political stability of the country and how the 
main interested groups can manage this opportunity beyond their own particular 
interests. As witnessed in other resource-rich countries, the danger of a resource 
curse is very much present, and there is a risk that the potential of developing 
the mining sector could become another missed opportunity for the people of 
Madagascar.

The merit of revising the mining fiscal regime should be assessed in light of 
investment risks, commodity price volatility, mineral endowments, and compet-
itiveness in terms of infrastructure, services, institutional capacity, and political 
stability. The fiscal regime for mining should be simple, predictable, transparent, 
and consistent. It should ensure a fair distribution of the economic benefits from 
mineral resources between mining companies and government, with fiscal rules 
complemented by an efficient and transparent tax administration.

In view of the cyclical nature of commodity prices, the government should 
consider adopting revenue management mechanisms, especially at the local level 
as mining revenues grow. These mechanisms could include establishing trust 
funds or foundations for strategic long-term investments, which would help avoid 
overreliance on cyclical mining revenues for recurrent spending. Governance of 
such mechanisms would have to be transparent, efficient, and inclusive. The 
capacity to administer and manage revenues at the national and local levels 
needs to be enhanced. It is imperative that internal capacities to collect, control, 
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monitor, and evaluate mining taxes and royalties are developed. Local capacities, 
resources, and policies also need to be progressively enhanced to improve the 
collection, management, and investment of royalties by communes, regions, and 
provinces. Local decision makers can be trained on basic financial literacy, busi-
ness administration, project management, communication, inclusive governance, 
and the design of trusts and funds for equitable and sustained social development.

Government should encourage local content, while industry should promote 
best practice that would foster economic linkages. Civil society, business organ-
izations, and development donors should support and partner with industry to 
improve and develop good practices. Innovative programs for the incubation of 
mining service businesses can enhance the potential employment outcomes of 
mining and foster local–local procurement. Programs using enterprise facilitation; 
microfinancing, savings, and investment forums; and coaching on financial man-
agement and business development could be supported by local governments in 
mining regions with the assistance of development partners and the mining indus-
try. Cooperatives have proven successful in Rwanda and Ethiopia, among other 
African countries, and can be replicated in grouping and supporting smaller busi-
nesses that could benefit from mining; they could also spearhead private sector 
development in a diversified economy.

Partnerships between the mining industry and government offer the best oppor-
tunity to simultaneously train a professional mining workforce. Strengthening 
access to and quality of secondary and tertiary education is important for the suc-
cess of the mining industry in developing and utilizing local skilled labor. The 
Ministry of Education and the Chamber of Mines should identify synergies for 
further development of basic educational outcomes that can meet the future work-
force demand of the mining sector. The Chamber of Mines and individual mining 
companies should continue working with government agencies at multiple levels 
as well as development partners to support the establishment of technical schools 
and targeted vocational programs (especially in areas of skills shortage) within exist-
ing institutions. The Chamber of Mines can be a forum for industry leadership and 
the promotion of best practice.
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9 Field vignette
The Extractives Dependence Index  
and its impact on Africa

Degol Hailu and Chinpihoi Kipgen

High and persistent dependence on the extraction of oil, gas, and minerals for 
export earnings and fiscal revenues are a concern for the sustainability of growth 
in resource-rich countries. Not so much a reliance on unexploited abundant 
resources in the ground, but dependency on extracted commodities for generating 
incomes. There are strong arguments for reducing resource-dependence—from 
declining terms of trade for commodity exports and volatility in their prices to 
potential weak governance and poor environmental and social safeguards associated 
with extraction.

Although initial reliance on the sector is inevitable to generate income, it is the 
eventual moving away from this dependency through diversification into other 
sectors (particularly towards manufacturing) that denotes successful resource-based 
development. Several researchers came up with indicators to measure resource-
dependency. They look at shares of resource exports in GDP or in total exports; 
resource revenue as a share of total government revenue and extractive value-
added in GDP. These traditional measures however do not take into account 
the contribution of other sectors to foreign income, taxes or to domestic value 
addition. Dependence on resource incomes is only problematic if other sectors 
are relatively weaker. This has unfortunately been the challenge for a number of 
resource-rich African countries.

This is what our new index tries to correct. We call it the Extractives Dependence 
Index (EDI). The EDI is a composite index consisting of six indicators. Three of 
them are well recognized in the literature: (1) the share of oil, gas and minerals in 
total export revenue; (2) the share of resources in total government revenue; and 
(3) oil, gas and mineral value-added in GDP.

However, we adjust each of the above three indicators to capture the produc-
tive environment under which the resource sector strives. To account for the 
productive capacity of an economy to generate additional foreign exchange (other 
than resources) we use a fourth indicator: “export revenue from high-skill and 
technology-intensive manufactured (HTM) exports as a share of total global HTM 
exports.” This indicator takes into consideration the productivity and competi-
tiveness of a country’s export basket. The same productive capabilities and human 
capital can be used to diversify into a range of export products, hence lessening 
dependence on the resource sector.

To account for an economy’s capacity to generate alternative sources of 
tax revenue, we use a fifth indicator: “total non-resource taxes from incomes, 
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profits and capital gains as a share of GDP.” This is a proxy for non-resource 
revenue base and also reflects higher institutional capacity required for tax  
collection and administration.

To adjust for a country’s ability to domestically process its raw materials, we use 
a final indicator: “per capita manufacturing value added.” Greater forward linkages 
from the resource sector imply higher levels of transferable skills that can increase 
technology transfer and employment mobility within and between sectors. In a 
nutshell, this indicator is a proxy for domestic industrial capability.

Using the above 6 indicators, we constructed an index that ranges between  
0 and 100, with 100 being the highest dependence score. The index values are 
calculated for a total of 81 countries between 2000 and 2011, although not all 
countries have data for all years.

The comparison between Zambia and Norway illustrates the contribution of 
our index. In 2011, the two countries collected a similar share of revenues from 
the extractive sector, which contributed to 76 percent and 74.5 percent of total 
export revenues and 25 percent and 23.5 percent of fiscal revenues, respectively. 
Without accounting for Zambia’s relatively lower domestic productive capacity, 
the traditional measures of resource-dependence would consider the two countries 
as being equally dependent on the sector. However, our EDI values for Norway 
and Zambia in 2011 were 34 and 45, and the countries were ranked 33rd and 
41th, respectively.

Our index also implies a possible inverted-U shaped trajectory in countries with 
successful strategies that decrease resource-dependence over time. The cases of 
Mongolia, Nigeria, and Botswana demonstrate this point. Mongolia’s EDI value 
in 2000 was 26. With the discovery of the Oyu copper and gold deposits, extrac-
tion intensified and by 2011, the EDI score increased to 63. Hence, Mongolia is 
becoming more dependent on its minerals, implying the country is may be in the 
rising part of the inverted-U.

Despite over 60 years of resource extraction, Nigeria has not undergone the 
structural transformation required to decrease its dependence on the sector and has 
maintained an EDI score greater than 80 in both 2000 and 2011. The economy 
continues to be dominated by the oil sector providing over 90 percent of foreign 
exchange earnings and financing 77 percent of total government revenues over the 
past decade. The country seems to be stuck in the flatter part of the inverted-U.

In the case of Botswana, the EDI score declined from 71 to 62 between 
2000–2011. Although diamonds, nickel, copper, gold, and other resources con-
tinue to bring in an average of 85 percent of total export earnings, the country’s 
efforts to promote downstream value addition, including diamond beneficiation, 
agriculture and tourism, is slowly moving it towards decreasing dependence on 
the mineral sector. The country may have begun the downward journey on the 
inverted-U.

It is well established that persistent dependence on resource incomes subjects an 
economy to volatile growth. And knowing where the dependence originates from, 
through the use of measures such as the index we introduced here, allows policy 
makers to design better diversification policies and strategies. The African Mining 
Vision and related programs may benefit from utilizing this index in their strategic 
planning efforts and setting targets for tangible progress.



10 Field vignette
The West African Exploration Initiative 
(WAXI) as a model for collaborative  
research and development

M. W. Jessell and the WAXI Team

Thee West African Craton (WAC) consists of two Archean nuclei in the north-
western and south-western parts of the craton juxtaposed against an array of 
Paleoproterozoic domains made up of greenstone belts, sedimentary basins, domains 
of extensive granitoid-TTG plutons and large shear zones, which are overlain by 
Meso- and Neoproterozoic and younger sedimentary basins. The region has a 
thousand-year history of gold mining, and the Malian Emperor Kankou Moussa in 
1324 had gold assets estimated to be worth 400 Billion dollars at today’s value. Not 
surprisingly the WAC is therefore typically referred to as a gold province, although 
it also hosts contains world class iron ore and bauxite deposits.

The AMIRA International P934 West African Exploration Initiative (WAXI) 
is a collaboration between the principal actors in the west African large-scale min-
erals sector which started in 2006 and the third phase of the project is due to end 
in 2018. The overall aim of WAXI is to enhance the exploration potential of the 
West African Craton through an integrated program of research and data gathering 
into its “anatomy,” and to augment the capacity of local institutions to undertake 
this form of work. We believe that this project has resulted in positive outcomes 
for all partners, and the lessons learned in this project help provide an improved 
model for collaborative research in developing countries.

The West African Craton extends over 2.5 million square kilometers, and is 
hosted by 13 countries that use 3 administrative languages.1 This has resulted in 
a fragmentation of effort and is a barrier to integrated research, as data are held 
by each country in different languages and formats, and with very heterogene-
ous levels of detail. Publicly available syntheses are principally limited to harmo-
nized regional-scale maps. The Paleoproterozoic terranes represent one of the 
world’s most important gold provinces, with output increasing from approxi-
mately 50 metric tonnes per year to 220 between 1993 and 2013 this period saw 
some countries, such as Burkina Faso, becoming significant gold exporters for 
the first time.2

The shared challenges facing geoscientists wishing to undertake scientific 
research in west Africa (from industry, governments and academia) include the 
limited flow of scarce government resources to STEM activities in general, and 
geoscience research in particular. This contrasts with the significant revenue flow 
that many west African countries receive as the result of mining activity, and the 
costs of managing the environmental impacts of mining (and in particular by vari-
ably regulated artisanal mining).
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Research activities

The WAXI research program was designed following a gaps analysis and con-
sists of a set of integrated research modules which are grouped into three themes: 
architecture and timing; mineralizing systems; and surface processes. The results of 
the research program have been progressively published over the last ten years (see 
www.tectonique.net/waxi3 for a complete list of papers and access to the thesis 
collection), but in particular as four special issues that were compiled following the 
end of confidentiality for stage two of the project.3,4,5,6

This research represents one form of support of economic development in the 
region, as it provides key datasets (in GIS-ready formats) that help to reduce geolog-
ical risk in the minerals exploration decision-making process. The development of 
an integrated exploration GIS has proved to be a very efficient approach for transfer-
ring information to partners, all of whom have access to an exploration GIS which 
has now expanded into a more than 600 Gigabyte, 180-layer online and static GIS 
database of metadata and data related to west African exploration. More that eighty 
of these layers consist of new data or compilations developed by project partners.

Capacity Building Activities

According to UNESCO/Geological Society of Africa data, there are currently 
thirty-eight public higher education institutions that provide geoscience training 
in west Africa (including Schools of Mines), of which twenty-nine are in Nigeria. 
In the last ten years, the African Union via the African Mining Vision (AMV) and 
its associated action plan,7 the World Bank and the African Development Bank 
have recognized the need for renewed investment in higher education to support 
the growing African population, which is predicted to have the world’s largest 
labor force by the year 2040.8 The African Development Bank, UNESCO’s Earth 
Science Initiative in Africa, the AMV and African Network of Earth Sciences 
Institutions (ANESI) share many proposals in terms of enhanced regional collabo-
ration, better integration of the private sector and the minerals industry, in particu-
lar via Public-Private Partnerships, and the use of ICT-based training programs as 
supports for Africa’s education needs. Many of these same themes are also found 
in the UN’s Sustainable Development Goals, and map directly to WAXI activities.

The different stages of the project, together with associated one-on-one indus-
try projects and university-funded scholarships, have allowed us to support a total 
of thirty-five PhD projects, thirty-five masters and honors projects, and six post-
doctoral fellowships, with more than half of these being African. Nevertheless, 
the demand for scholarships, and in particular projects which provide support 
for research costs, far outstrip the capacity of the WAXI project’s resources, and 
partnering with other training schemes provides a partial solution to meeting this 
demand, as many outside scholarships do not provide research funds.

To date, the project has supported 23 3–5-day field and classroom training 
courses to over 350 industry, university and geological survey personnel. The 
courses have been held in Ghana, Burkina Faso, Côte d’Ivoire, and Senegal. 
The vast majority of the attendees of these courses were African geoscientists. In 
addition to these technical courses, we organized a five-day course on research 
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management aimed at west African university and geological survey personnel. 
Finally, two international conferences (in Ougadougou, Burkina Faso in 2007, 
and Dakar, Senegal, in 2015) were held to stimulate new research ideas in the 
region and present project outcomes.

Conclusion

The success of the WAXI program comes from the commitment of the indi-
viduals and organizations that have been involved over the last ten years, but 
equally from the recognition that these different organizations have different driv-
ers. The WAXI project forms part of a broad range of development geoscience 
initiatives in Africa that have overlapping aims that partially fulfil the aims of the 
African Mining Vision and the Sustainable Development Goals. This initiative 
demonstrates the significant achievements that become possible when the different 
stakeholders in the minerals sector (industry, academia, government, and nongov-
ernment organizations) partner together to combine datasets and knowledge across 
national borders in order to achieve their diverse goals.
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11 Conservation priorities and 
extractive industries in Africa
Opportunities for conflict prevention
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In brief

 • Africa, rich in natural resources including tropical forests, wildlife, water 
resources, and fisheries, is also rich in mineral, oil, and gas resources. 
Conservation priority areas across the continent often coincide with 
areas of importance for mineral development; national and local gov-
ernments will need to decide about trade-offs inherent in competing 
development pathways.

 • Case studies from Mozambique and Madagascar highlight the pres-
sures, complexities, and responses in balancing extractive development 
and conservation. The Mozambique case study takes a broad view of 
a country on the verge of a mineral boom, and the steps it is taking to 
address conflicting land uses. The Madagascar case study highlights 
methods that estimate nature’s benefits, relying on basic natural science 
data within a social context of multiple beneficiaries and economic sec-
tors, to inform decision-making and management choices, particularly as 
they relate to conflicts between development and conservation needs.

 • Despite recent fluctuations in commodity prices, there is a consensus 
that Africa is approaching an unprecedented mining boom. Therefore, 
governments and the mining industry alike must use cutting-edge tools, 
information, policy frameworks, effective institutions, and thoughtful 
planning to balance these development pathways.

Introduction

Africa has enormous natural resource wealth, much of it largely unexploited.1 
A closer look at specific natural resources, however, shows diverging trajecto-
ries with potentially alarming implications. On the one hand, resources such as 
tropical forests, wildlife, water resources, and fisheries, while relatively abundant 
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and the source of livelihoods for millions of Africans, are being degraded and are 
declining at unprecedented rates. On the other hand, global demand for resources 
such as minerals, oil, and gas—also significant on the continent—is increasing, 
driving the economies of many African nations. At the intersection of these tra-
jectories is the challenge to both conserve and, if possible, enhance Africa’s rich 
biodiversity and ecosystems, while also harnessing its mineral wealth to drive 
development for current and future generations. The coincidence of mineral and 
biodiversity wealth implies that national and local governments will need to make 
decisions about the inherent trade-offs in these competing development path-
ways. While extractive development can affect a country in positive ways—as 
an economic catalyst, a significant revenue stream, and a creator of jobs and 
infrastructure—it can also have direct and indirect effects on the biodiversity and 
ecosystem services that the country’s people depend on. According to the United 
Nations Environment Programme (UNEP), at least 40 percent of all intrastate 
conflicts can be linked to natural resources, and are often precipitated by environ-
mental issues.2 Strict conservation, however, can mean leaving valuable mineral 
wealth beneath the soil. It falls to government and society at large to evaluate and 
make decisions regarding potential trade-offs between mining and conservation. 
Cutting-edge tools, information, policy frameworks, effective institutions, and 
thoughtful planning are all needed to balance conservation and development.

In this chapter we examine the complex relationship between extractive devel-
opment (with an emphasis on mining) and biodiversity. We outline Africa’s cur-
rent conservation priorities; review trends in mining and the environment; and 
examine two case studies (one from Mozambique and one from Madagascar) illus-
trating the pressures, complexities, and responses in balancing extractive devel-
opment and conservation; and conclude with recommendations for improving 
decision-making and reducing conflict between these two objectives.

Africa’s current conservation priorities

The second-largest continent, with more than 30 million square kilometers, is 
Africa, a land mass endowed with rich and abundant biodiversity (see Box 11.1).3 
The African landscape is a dynamic mosaic of ecosystems that millions of people 
depend on for their livelihood: tropical forests, woodlands, open plains, deserts, 
and saltwater and freshwater coastal areas. According to UNEP’s Africa Atlas, Africa 
is home to about 1,200 mammal species (one-quarter of the global population), 
2,000 bird species (one-fifth of the global population), 2,000 fish species, and 950 
amphibian species. The continent also has between 40,000 and 60,000 plant spe-
cies and about 100,000 known species of insects and arachnids.4 This biodiversity, 
with some exceptions, is in better condition than in many parts of the world.5

Africa’s rich biodiversity underpins the diverse ecosystems and services that benefit 
millions of people on the continent, particularly those living in rural and remote com-
munities whose livelihoods are heavily dependent on water, forest products, and wild-
life.6 Benefits also include more-complex services that regulate and mitigate climate, 
protect against natural disasters, and support cultural heritage of nature-based traditions.7

Unfortunately, over the past fifty years biodiversity, ecosystems, and the ser-
vices they provide have experienced substantial loss, having changed more rapidly 
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and more extensively than in any comparable period in human history, largely in 
response to rapidly growing populations and their demands for food, freshwater, 
timber, fiber, and fuel.10 Often considered free and invisible, these services tend not 
to get factored into decision-making and planning.

The effects of the loss and unsustainable use of ecosystem services are com-
plex. While some of these effects are relatively simple and have been well studied 
(e.g., over 80 percent of the world’s marine fisheries are either fully exploited or 
overexploited), others are more complex.11 For example, there can be a time lag 
between an impact on an ecosystem and the resulting effects. Also, the effects of 
an impact might be apparent only at some distance from where the ecosystem was 
changed (e.g., forest fires in one country can degrade air quality in adjacent coun-
tries). Degradation of ecosystem services has been linked to exacerbating poverty 
in developing countries, thereby contributing to outbreaks of conflicts.12

In order to address biodiversity and ecosystem services loss and to guide con-
servation efforts, it is critical to understand which areas are priorities with respect 
to their biodiversity and ecosystem service values. This requires conservation plan-
ning that defines biodiversity and ecosystem services values generated by landscapes 
(that might or might not overlap spatially), and consideration of the effective con-
servation strategies given desired outcomes. There are many approaches to quan-
tifying the importance of specific areas in terms of biodiversity. Two commonly 
used regional frameworks for large-scale areas are biodiversity hotspots and high-
biodiversity wilderness areas (HBWAs). Finer-scale prioritizations include Key 
Biodiversity Areas (KBAs) and Alliance for Zero Extinction (AZE) sites. There are 
also legally designated areas for protection such as protected areas (PAs) and World 
Heritage Sites (WHS), each of which is described below.

Biodiversity hotspots are characterized as large regions with exceptional concen-
trations of endemic species—specific to an area and not found elsewhere—that are 
undergoing exceptional loss of habitat.13 Currently, thirty-five biodiversity hotspots 

Box 11.1 Definitions

Biological diversity, or biodiversity is defined as “the variability among liv-
ing organisms from all sources including terrestrial, marine and other aquatic 
ecosystems and the ecological complexes of which they are part; this includes 
diversity within species, between species and of ecosystems.”8 It comprises 
all the millions of different species that live on our planet, as well as the 
genetic differences within species. It also refers to the multitude of different 
ecosystems in which species form unique communities, interacting with one 
another and the air, water, and soil.

Ecosystem services are “the benefits people obtain from ecosystems. These 
include provisioning services such as food and water; regulating services such 
as regulation of floods, drought, land degradation, and disease; supporting ser-
vices such as soil formation and nutrient cycling; and cultural services such as 
recreational, spiritual, religious and other non-material benefits.”9 Ecosystem 
services are critical to the societies and economies of African nations.
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have been identified globally, most of them in tropical forests. Collectively, they 
represent just 2.3 percent of Earth’s land surface, but contain around 50 percent 
of the world’s endemic plant species and 42 percent of all terrestrial vertebrates. 
In addition to their exceptional biodiversity, these areas are also home to many 
vulnerable human populations that are directly dependent on nature to survive: 
by one estimate, hotspots account for 35 percent of the ecosystem services that 
vulnerable human populations depend on.14

Eight of the world’s thirty-five biodiversity hotspots are in sub-Saharan Africa 
(see Figure 11.1):

1 Cape Floristic Province is located within South Africa; it is home to the great-
est non-tropical concentration of higher plant species in the world.

2 The Coastal Forests of eastern Africa, though tiny and fragmented, stretch along 
the eastern edge of Africa, from small coastal patches of forest in southern Somalia, 
south through Kenya, into Tanzania, and along the coast of Mozambique.

3 The eastern Afromotane encompasses several widely scattered mountain 
ranges in eastern Africa and the Arabian Peninsula, from Saudi Arabia and 
Yemen in the north to Zimbabwe in the south.

4 The Guinean Forests of west Africa encompass all of the lowland forests of 
political west Africa, stretching from Guinea and Sierra Leone eastward to the 
Sanaga River in Cameroon.

5 The Horn of Africa covers most of Somalia; all of Djibouti; parts of Ethiopia, 
Eritrea, Kenya, Yemen, and Oman; and a small piece of far eastern Sudan.
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6 Madagascar and the Indian Ocean islands.
7 Maputaland-Pondoland-Albany stretches along the east coast of southern Africa.
8 Succulent Karoo stretches along the Atlantic coast of Africa from south- 

western South Africa north into southern Namibia.15

Like hotspots, HBWAs are also rich in endemic species. They are large regions 
(minimally 10,000 square kilometers), but have had relatively little human impact, 
and have lost 30 percent or less of their natural habitat.16 Two of the five global 
HBWAs are found in Africa: (1) the Congo forests of Central Africa and (2) the 
Miombo-Mopane woodlands of southern Africa (including the Okavango Delta).

KBAs and AZE sites represent finer-scale priorities. KBAs are nationally defined, 
site-scale areas of global significance for biodiversity conservation based on the high 
irreplaceability and/or high vulnerability of the biodiversity they contain. Given their 
scale, (e.g., at the level of individual PAs) KBAs are often used as a starting point 
for landscape-level conservation planning.17 The authors identified 881 KBAs in 49 
countries in continental Africa and Madagascar, which excludes the island nations of 
Cabo Verde, Comoros, Mauritius, São Tomé and Príncipe, and the Seychelles. A 
subset of KBAs are AZE sites: considered the most critically important and threatened 
sites for biodiversity, AZE sites are characterized by the presence of 95 percent or 
greater of the known population of endangered or critically endangered species on the 
International Union for Conservation of Nature (IUCN) Red List of Threatened Species. 
If an AZE site were to disappear, it is almost guaranteed that a key species will become 
extinct in the wild.18 In continental Africa and Madagascar, there are sixty-six AZE 
sites, with high concentrations of sites in Madagascar and eastern Africa (Figure 11.1).

All four categories—hotspots, HBWAs, KBAs, and AZE sites—provide method-
ologies for understanding where biodiversity is found and for prioritizing those areas 
for conservation or sustainable use. With such information on hand, governments are 
better able to make decisions about potentially competing land uses, including deciding 
where to prioritize conservation and where to situate development activity like mining.

The creation of legal PAs at a national or sub-national level is a common strategy 
for ensuring conservation of a nation’s most important biodiversity areas. PAs are 
conservation management tools designed to safeguard important areas for nature and 
their associated ecosystem services and cultural values, through legal or other effective 
means.19 Globally, there are more than 200,000 PAs, including national parks, nature 
reserves, and indigenous and communal areas, covering almost 15 percent of the 
world’s land surface and almost 3 percent of its oceans.20 Africa is home to 7,000 regis-
tered PAs. Despite this high level of commitment by African nations to the principles 
of conservation and sustainable development, in many cases where PAs are threatened 
by civil unrest, weak institutions, poorly trained staff, and limited budgets.21 The PA 
systems in Africa have historically been based on a model whereby boundaries were 
established to keep species in and local communities out. Growing resistance to that 
model led to a rapid growth of community-based natural resource management and 
conservation activities related to PAs that strives to involve local communities more 
effectively, including initiatives to develop co-management regimes.22

Some national sites are also recognized under international agreements. WHS 
under the World Heritage Convention, for example, are places that have been desig-
nated as having outstanding universal value to humanity, and so have been inscribed 
on the World Heritage List by the United Nations Educational, Scientific and Cultural 



158 Mahlette Betre et al.

Organization (UNESCO) to be protected for future generations. Globally, more than 
750 natural, cultural, and mixed sites have been inscribed on the World Heritage List. 
Of the total number of WHS, 12 percent are located in Africa—93 sites that include 
places as diverse and unique as east Africa’s Serengeti and the pyramids of Egypt.23

Unlike biodiversity, global- or national-scale priorities for ecosystem services 
have not been systematically defined. This is in large part because ecosystem services 
assessments require a good understanding of the socioeconomic context of a given 
area, and the identification of beneficiaries for individual services based on their 
specific needs; these data are not widely available at such fine scales. Additionally, 
ecosystem services assessments require careful consideration of the dynamics of 
ecosystem services flows in space and in time, as well as consideration of synergies 
and trade-offs, not only between different ecosystem services but also for different 
users of the same service.24 Most common approaches for the assessment of ecosys-
tem services rely on surveys and most frequently on biophysical modeling/map-
ping and valuation approaches. Ecosystem services mapping in Africa has focused 
most frequently on hydrological services (water and flow regulation), fodder provi-
sion, climate regulation, recreation, and tourism (see Box 11.2).25

Box 11.2  Climate change, mining risk, and shifting 
conservation priority areas

No continent will experience the impacts of climate change as harshly as 
Africa will. Climate change will dramatically amplify economic, social, 
and environmental vulnerabilities.26 Projected impacts include temperature 
increases of 1 to 4.5°C, decreased rainfall, and intensified weather events such 
as heatwaves and drought, with gradients of severity across the continent. 
One of the most troubling impacts will be increased stress on water resources, 
amplifying existing stress on this essential resource from growing popula-
tions and heavy reliance on agriculture for both subsistence and livelihoods.27 
According to the UNEP, 75 million to 250 million people in Africa are 
projected to be exposed to increased water stress because of climate change.28

Flora and fauna can survive only within a specific range of climatic and 
environmental conditions, thus will be dramatically affected by climate 
change. Many regions throughout sub-Saharan Africa are already experiencing 
impacts from climate change, exposing the vulnerabilities of the continent’s 
conservation priority areas. Studies have documented rapid shifts in geographic 
range, abundance, seasonal activities, and migration patterns of many terrestrial 
and freshwater species; projections indicate that these shifts will continue and 
accelerate in the coming years.29 These shifts will expose the vulnerability of 
the millions of people that depend on the ecosystem services provided by con-
servation priority areas, including water, food, and livelihoods.

Mining is not immune to the impacts of climate change, with companies 
already reporting concerns about temperature increases that bump up cooling 
costs and endanger workers, extreme rainfall events that shut down mines for 
a week or more, storm surges that block ports, and persistent droughts that 
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limit or restrict business operation.30 As Africa’s conservation priority areas and 
species shift due to the pressures of climate change, there will likely be new 
areas of intersection with mineral development, creating new opportunities for 
conflict. Declining ecosystem resilience will also make conservation priority 
areas more vulnerable to impacts from mining development. Where manage-
ment of shared water resources might already be contentious, decreased water 
availability could further strain efforts to balance operational use and com-
munity needs.

In order to maintain their social license to operate under a changing climate, 
companies will need to consider not only the impacts of their businesses, but 
also how their operations could compound climate-related impacts on nearby 
communities and ecosystems. Mining companies and national governments 
should work together to understand projected climate impacts and to integrate 
these considerations into land-use planning, risk management, and operational 
decision-making. Companies might consider climate modeling or analysis of 
existing data to better understand how climate change might impact the project 
site and surrounding area, in order to better anticipate potential conflicts.

Ecosystem services assessments generate data on the magnitude of ecosystem 
services (supplied or demanded), an understanding and estimate of potential bun-
dles of ecosystem services, interactions and trade-offs between the services, and 
estimated market and non-market values of services, among others. These data 
in turn provide information and metrics that can be used toward other analyti-
cal approaches, including cost-effectiveness analysis of conservation interventions, 
environmental–economic accounting, and conservation decisions based on over-
laps of biodiversity and human well-being.

Ecosystem services and biodiversity might coincide in space, and different con-
servation efforts might lead to different outcomes for biodiversity and services.31 
Synergies and trade-offs are likely to occur, depending on priority. A careful exer-
cise in conservation planning could help to identify biodiversity and ecosystem ser-
vices values generated by landscapes, and could indicate the feasibility of potential 
conservation strategies. Indeed, one study argues that conservation planning could 
be used to identify the spatial alignment of benefits of biodiversity and ecosystem 
services—or lack thereof—and should include factors such as trade-offs and eco-
nomic efficiency, including financial and opportunity costs. Conservation planning 
can inform complementary management options and solutions that are more effec-
tive than those focusing individually on societal objectives or nature conservation 
outcomes.32

Trends in mining and the environment

The overlap of mining and African biodiversity

Over the past decades, population growth and rapid urbanization in China, India, 
and other emerging economies has driven unprecedented global demand for min-
erals and metals.33 More recently, commodity prices have become more volatile 
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and have trended downward, falling sharply during the global financial crisis in 
2008, with a period of rebound before falling again in 2011 across many mineral 
and metal commodities. Despite the recent downward trend, many commodities 
remain at historically high prices (iron ore, gold, copper, nickel, zinc, platinum 
group metals, silver, and lead).34

Even with these price fluctuations, Africa is on the verge of an unprecedented 
mining boom.35 According to a 2015 World Bank report, mining is one of sub-
Saharan Africa’s most important industries, hosting substantial portions of known 
global mineral reserves—22 percent of gold, 58 percent of cobalt, 7 percent of 
copper, 95 percent of platinum group metals, and 18 percent of uranium.36 The 
continent’s absolute spending on exploration rose more than 700 percent from 
2002 to 2012, to about $3.1 billion in 2012.37

With demand for minerals on the rise, mining operations will likely expand into 
remote and undeveloped areas. To better understand how mining activity intersects 
with areas important for their biodiversity significance, in 2014 the authors con-
ducted a spatial analysis overlaying mine projects and known conservation priority 
areas—namely biodiversity hotspots, PAs, WHS, HBWAs, KBAs, and AZE sites.38

From a total of 318 mine projects, the analysis revealed several instances of over-
lap between mine projects and conservation priority areas (see Table 11.1).39 As 
expected, given their large scale, numerous overlaps occurred within hotspots and 
HBWAs, with forty-six mining operations coinciding with six of Africa’s biodiver-
sity hotspots, the majority falling within the Guinean Forests of west Africa biodi-
versity hotspot (see Figure 11.1). When examining finer-scale conservation priority 
areas, the analysis uncovered fourteen instances of mining exploration or exploita-
tion within KBAs, with four active cases in South Africa and others in Botswana, 
Guinea, Liberia, Mauritania, Namibia, and Tanzania. Figure 11.2 illustrates 28 
instances of direct overlap between mine projects and IUCN-category PAs. South 
Africa and Namibia contain the greatest number of coincidences, with seven over-
lap sites each. Mining activity was also found to coincide within one African WHS, 
which is also an AZE site—the Mount Nimba Strict Nature Reserve, shared by 
Guinea and Côte d’Ivoire—an overlap that led Guinea to degazette a portion of 

Table 11.1  Results from analysis of mapping mine projects and conservation  
priority areas

Conservation Priority Areas Coincidences with mine projects

CI hotspots 46
Protected areas 28
Key biodiversity areas 14
High biodiversity wilderness areas 11
Alliance for zero extinction sites  1
World heritage sites  1

Note: Total overlaps per conservation priority do not include closed or temporarily suspended mine 
projects, but do include those in the feasibility and advanced exploration stage.
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Figure 11.2 Overlap between mine projects and IUCN-category protected areas

the WHS in 1992.40 A separate study found at least twenty-one African WHS with 
mining or oil and gas operations within 50 kilometers of their borders.41

Mining’s potential impact on priority conservation areas

While mining could have a positive impact on many African countries—as an eco-
nomic catalyst, a significant revenue stream, and a creator of jobs and infrastructure— 
it also intersects with conservation priorities in important ways and could have 
negative impacts if not managed responsibly. The impacts typically associated with 
mining can vary significantly depending on the type of mining, the scale of min-
ing activities, and how companies implement mitigation measures. Typical direct 
impacts include land clearance, water extraction, sedimentation, and pollution of 
terrestrial and aquatic ecosystems resulting in loss and/or degradation of habitat 
and associated species.42 These impacts can be acute, in some cases irreversible, or 
chronic, lasting for decades.43 Perhaps more challenging are the indirect, induced, 
and cumulative impacts that can occur beyond the boundaries of the project site 
and outside the project’s direct control. Examples of induced impact include situ-
ations where a project has opened up a previously inaccessible natural frontier, 
resulting in habitat fragmentation and in-migration that can lead to increased col-
lection of forest products and associated biodiversity loss; or bushmeat hunting, 
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which has been linked to negative impacts on human health. Cumulative impacts 
could occur where mining projects are developed in environments that are influ-
enced by other projects; examples include situations where multiple projects in the 
same water catchment collectively impact water quality or aquatic species health.44

The risk of not properly mitigating and managing for these impacts can be sig-
nificant for companies, communities, and the environment. According to UNEP, 
at least 40 percent of all intrastate conflicts can be linked to natural resources.45 
Though environmental factors are not the sole reason for conflict, ongoing 
research suggests that environmental issues are among the most common issues 
precipitatingconflict, specifically pollution and access to or competition for envi-
ronmental resources.46

Mitigating these impacts has become a central goal among civil society, envi-
ronmental regulators, and leading extractive companies. Environmental and social 
impact assessments (ESIAs) are the prevailing tool used by governments and 
companies for evaluating projects, often driven by regulation in environment or 
mining codes. Impacts are identified, options to modify the project are assessed, 
and the project is either granted or denied a license. In many cases, projects’ 
impacts on biodiversity and ecosystem services, and the consequences of these 
effects on human well-being, are not well understood; these critical interdepend-
encies among the impact of mining, biodiversity, and affected stakeholders are 
often overlooked.47 An ecosystem services approach to ESIAs advocates for a fuller 
understanding of both the socioeconomic dimensions of a project’s environmen-
tal impacts and the implications of ecosystem change for affected stakeholders.48  
This approach provides a holistic, cross-sectoral, and integrated framework for 
assessing risks and impacts, as opposed to individually assessing each impact area 
separately.49 Companies seeking to apply this approach are using tools such as 
“Weaving Ecosystem Services into Impact Assessment” and/or the “Natural 
Capital Protocol” to measure the impact of the business and its dependencies on 
natural capital, and to make decisions accordingly.50

Best practice also dictates that the mitigation hierarchy be applied for bio-
diversity management.51 The mitigation hierarchy is an iterative approach to 
first avoiding significant impacts to biodiversity and ecosystem services, then 
minimizing and rehabilitating, and finally offsetting any remaining significant 
negative impacts.52 Biodiversity offsets, the final step in the mitigation hierar-
chy, are conservation actions intended to compensate for the residual, unavoid-
able impacts of an activity on biodiversity values by generating an equivalent 
benefit elsewhere.53 Many governments are increasingly requiring offsets for 
projects resulting in significant residual impacts to biodiversity: at least fifty-six 
countries have current laws or policies on biodiversity offsets or compensatory 
conservation.54 A number of leading mining companies have also adopted vol-
untary commitments to biodiversity offsetting where there is no such regula-
tory requirements. An example is the Ambatovy mine in Madagascar, which is 
partnering with a number of conservation NGOs to implement a “multifaceted 
biodiversity offsets program [which] comprises a series of conservation areas, 
with a total area approximately fifteen times the size of the Mine Footprint.”55 
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Multi-stakeholder initiatives such as the international collaboration Business and 
Biodiversity Offsets Programme have emerged to provide guidance on how to 
design and implement biodiversity offsets and to provide a platform for practi-
tioners to share and exchange ideas on the subject. Through the full application 
of the mitigation hierarchy and best practice mitigation, a development activ-
ity could result in either a no-net-loss or a net-gain in biodiversity.56 Despite 
the considerable discourse on biodiversity offsets, it’s important for projects 
to apply a precautionary approach to the initial placement and environmental 
management of mining projects, emphasizing the avoidance step in the mitiga-
tion hierarchy.57 This is particularly true in areas of high biodiversity and with 
endemic species, where the potential risks around irreversible impacts to critical 
environmental values are higher.

Beyond the no-go debate

Despite efforts to understand and mitigate environmental impacts from mining, 
extractive development remains contentious in areas where mineral and environ-
mental values overlap. One topic that has received a lot of attention among min-
ing companies, conservation groups, and governments is the issue of mining and 
PAs. As recognized by the Convention on Biological Diversity, first convened 
by the UNEP in 1988, PAs are intended to ensure the survival of a nation’s most 
important natural wealth. PAs are legal mechanisms for conservation of specific 
areas and any development activity inside or adjacent to PAs should be strictly 
governed to minimize damage to the biodiversity values to be conserved. There 
are different categorizations of PAs, ranging from Strict Nature Reserves (Category 
IA) to Protected Area with sustainable use of natural resources (Category VI), 
which are typically more modified habitats and could allow for multiple uses (see 
Appendix I, this chapter, for details).58 Approaches to mining vary depending on 
the categorization.

The pressures from mining and other major development activities on Africa’s 
PAs has long been known to the international conservation community, which has 
increasingly called for policies that amount to making some PAs no-go areas for 
mining and other forms of development. The concept of no-go gained momentum 
in 2000 when the IUCN World Conservation Congress recommended that mining 
be banned from IUCN Category I–IV PAs (see Appendix I for more detail). To 
date, much of the focus on no-go areas has centered on natural or mixed WHS and 
IUCN Categories I–IV PAs. At the 2016 World Conservation Congress, a quad-
rennial event organized by the IUCN that brings together government officials, 
business leaders, academics, and civil society, a motion was passed that calls on gov-
ernments to prohibit environmentally damaging industrial activities and infrastruc-
ture development in all IUCN PA categories; the motion also calls on the business 
community to respect all PA categories as no-go areas, withdrawing from current 
and avoiding future activities in those areas.59 Though this motion is not legally 
binding, it sends a strong message to governments and business alike to closely man-
age and monitor industrial activities within or adjacent to all PAs (see Box 11.3).
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Box 11.3  Protected Area downgrading, downsizing, and 
degazettement (PADDD)

It is also possible that the protection afforded to important biodiversity areas 
could be weakened to allow for extractive development. The phenomenon 
of PA downgrading, downsizing, and degazettement, known as PADDD, 
is a legal process by which national parks, nature reserves, and other PAs 
lose their protection due to conflicting land-use priorities including min-
ing, agriculture, infrastructure, and oil and gas projects. PADDD can also 
be exacerbated by weak institutions, corruption, and the drive for economic 
growth even when development conflicts with environmental sustainability, 
all of which are relevant in many parts of Africa.

A recent study on PADDD found that of the 342 events analyzed, 43 
percent were driven by economic development, including forestry; indus-
trial agriculture; and mining, oil, and gas exploration.60 Mining is a particular 
threat to PAs in countries with high biodiversity and robust mining sectors.61 
This is the case in Central and west Africa, and is exemplified by the removal 
of protection from a portion of the Mount Nimba National Park in the face 
of prospective mining.62

Many international mining companies view environmental impact manage-
ment through a lens of mitigating financial, legal, and reputational risk. The threats 
of lost profits, costly court cases, and damage to the social license to operate are 
real factors in determining corporate commitments to the environment. At the 
fifth World Parks Congress, in 2003, the International Council on Mining and 
Metals (ICMM), a consortium of twenty-three mining companies and more than 
thirty-four regional and national mining associations, adopted a resolution to avoid 
mining in WHS.63 Uptake has not been uniform across the broader sector, nor 
have governments applied the same restrictions, however. At the 2014 World 
Parks Congress several conservation organizations called for all current and future 
mining activities to be barred from WHS, holding that the natural heritage of these 
areas is incompatible with mineral exploration and development.

Movements such as the push for no-go areas can be complex, however, when 
it comes to implementation, especially when considering issues such as PADDD 
(Box 11.3). Although barring future development from the most important bio-
diversity areas, which are not confined to PAs, seems reasonable, the fact that 
many mines already exist and operate within these areas necessitates more-nuanced 
solutions in some cases. In addition, comparatively junior operators tend to lag 
behind the major mining companies in terms of systematically applying best prac-
tice sustainability standards such as the mitigation hierarchy and avoiding important 
biodiversity areas. This situation represents a challenge because governments often 
fail to apply no-go policies in an even and consistent manner. In the absence of 
uniform application, larger companies with more-advanced environmental man-
agement systems might avoid operating in areas that are important for biodiversity 
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and ecosystem services, leaving junior companies with less-rigorous standards to fill 
the gap, a scenario that could result in perversely worse environmental outcomes.64 
Governments might also forgo formal protection of important places to allow for 
the option to develop land in the future.

The public and private sectors, and civil society, need to collaborate to value 
natural wealth, evaluate the trade-offs between potential development pathways, 
plan for the sustainable use of natural resources, and create thoughtful policy to 
regulate the development agenda. This might necessitate expansion of government 
institutions’ mandates, creating coordinating mechanisms among various govern-
ment entities. It could also require creation of new entities that have mandates to 
and are capable of implementing policies that promote more-sustainable mineral 
development. Moreover, wherever extractive development is to occur, care must 
be taken to ensure that potential ESIAs are understood and all efforts are made 
to mitigate them. It is also important to move beyond the almost exclusive focus 
on business impacts on nature, and to address businesses’ critical dependencies on 
nature as well. Failing to do so is likely to pose serious risks for businesses—and 
to their supply chain sustainability, while precluding opportunities for increased 
efficiency and innovative approaches.

Two case studies—one from Mozambique and one from Madagascar—illustrate 
the pressures, complexities, and responses in balancing mining development and con-
servation. The first case study takes a broad view of the current state in Mozambique, 
which is on the verge of a mineral boom, and the steps it is taking to address conflict-
ing land uses. The second case study highlights the use of analytical and modeling 
approaches in a PA in Madagascar to understand the role of natural capital and its con-
tribution to the provision of ecosystem services, and to analyze the role of ecosystem 
services as inputs to various economic sectors.

Case studies

Case study: conservation and mining development in Mozambique

Context

Mozambique has a population of 28 million people dispersed over approximately 
800,000 square kilometers.65 The country is richly endowed with a variety of 
mineral resources, especially gas, coal, oil, heavy-sand deposits, gold, and copper, 
among others. Mining is propelling current GDP growth, but there are major 
challenges related to poverty and inequitable income, environmental sustainability, 
and risk related to environmental disasters. Mozambique is in transition, with a 
president elected in October 2014 and the launch of expected natural gas projects 
that will likely alter the country’s economic and social landscape. The govern-
ment’s National Strategy for Development (2015–2035) places particular emphasis 
on industrialization and key priority areas of agriculture, fisheries, industrial diver-
sification, infrastructure, and extractive industries development.66

Mozambique is rich in biodiversity. The country is characterized by varied 
ecological systems: the north coast is marked by coral reefs, mangroves, and small 
islands, and the southern region is characterized by high dunes covered with dense 
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forest. Three biodiversity hotspots can be found within the country: the Coastal 
Forests of eastern Africa, the Maputaland-Pondoland-Albany and the eastern 
Afromontane (see Figure 11.1). Mozambique is home to 5,500 species of flora and 
4,271 species of terrestrial wildlife, several of which are endemic to Mozambique.67 
Conservation areas cover about 25 percent of Mozambique’s surface area, and the 
country lays claim to the largest African coastal marine reserve, the Primeiras and 
Segundas Protected Areas.68

The extractive industry, namely mining and hydrocarbons, position Mozambique 
as an important player in the global mining sector.69 In 2014 Mozambique’s GDP 
grew by 7.6 percent, boosted by the construction, transportation, and commu-
nications sectors. This growth includes the establishment of large infrastructural 
development projects particularly related to mining in the center and north of 
the country.70

Rio Tinto, Vale, and Jindal have invested heavily in developing Mozambique’s 
coal deposits, which are believed to be the fourth-largest untapped recoverable coal 
reserves in the world.71 There have also been significant offshore gas finds in the 
north of Mozambique, where the total known reserves in the Rovuma Basin are 180 
trillion cubic feet of gas, with production expected at 20 million tonnes per year. The 
2014 Extractive Industries Transparency Initiative (EITI) report demonstrates that, 
in 2012, government revenues from the extractive industries reached approximately 
$100 million, increasing by almost 60 percent over the previous year.72

Conflict between extractive industries and the environmental sector

There has clearly been an influx of new wealth in Mozambique from oil, coal, 
and gas deposits, leading to a spike in on- and offshore exploration and mining in 
sensitive ecological areas. Mineral and hydrocarbon deposits frequently coincide in 
Mozambique with natural resources such as fisheries, mangroves, wetlands, estuar-
ies, and coastal forests. Some examples of these competing or conflicting land uses 
include the following, among many others:

 • The environmental considerations related to gas liquefaction in near proxim-
ity to the Quirimbas National Marine Park. This includes concerns over the 
development of onshore pipelines, dredging, and the development of port 
facilities in the Rovuma Basin.73

 • Sasol’s offshore gas exploration in Bazaruto Archipelago represents a conflict 
between gas exploration, tourism, sensitive biodiversity (dugong), and artisa-
nal fishing communities.74

 • Oil and gas prospecting and exploration in the Marromeu Complex (Ramsar 
Site) in the Zambezi Delta of central Mozambique. The Ramsar Mission’s 
advisory report expressed concerns over drilling activities, including forest 
clearance for the construction of drill sites, as well as adjacent camps and roads, 
and recommended that the area be declared a priority zone and that a manage-
ment plan be formulated to address these conflicting interests.75

 • In southern Mozambique plans are proposed to develop a deepwater port in 
Techobanine. The site is in the Maputo Special Reserve and Ponta do Ouro 
Partial Marine Reserve, both popular tourist destinations that are rich in marine 
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life and endangered biodiversity. Botswana, Mozambique, and Zimbabwe 
signed a memorandum of understanding in 2012 on the construction of this 
port and a 1,100-kilometer railway line to link southern Mozambique to 
Botswana through Zimbabwe. Botswana specifically looks to the project to 
transport coal to Asian markets and to source fuel from Mozambique, reduc-
ing its reliance on South Africa.76

Responses to mineral development and environmental trade-offs

Mozambique has approached these conflicts and assessed trade-offs in a number of 
ways, including the use of tools and mechanisms to provide for integrated spatial 
planning tools; streamlined institutions and cross-sector platforms; and alignment 
of legal frameworks with best practice standards.

INTEGRATED SPATIAL PLANNING TOOLS

Spatial planning tools, such as strategic environmental assessments (SEA) and envi-
ronmental management frameworks, are useful mechanisms to balance multiple 
objectives related to the management of natural resources.77 Recent Mozambican 
reforms, such as the new mining law, include more-stringent environmental 
requirements, including requirements for differing levels of environmental impact 
assessments depending on the classification of the mine.78 The government also 
intends the SEA to take account of environmental policy in Mozambique’s broader 
planning guidelines (e.g., local spatial plans, municipal master plans, detailed plans, 
development plans) to avoid potential adverse environmental effects in the first 
case, and reinforced in the second. It appears that Mozambique as a nation is gradu-
ally moving toward more-rigorous environmental requirements.

This approach is evident, for example, in Mozambique’s draft coastal SEA, 
which provides an overview of coastal zone dynamics, and contains important 
recommendations for harmonizing development and economic progress with the 
maintenance of natural coastal systems. The report considers divergent economic 
activities, including oil and gas exploration, mining and infrastructure develop-
ment, fisheries and aquaculture development, tourism, biodiversity, and commu-
nity livelihoods. It also identifies high-priority concerns to improve Mozambique’s 
legislative framework for governing biodiversity in coastal areas.79 The government 
has also initiated a localized SEA for the Bazaruto Archipelago National Park to 
assess the costs and benefits of conservation. The associated management strategy 
of that national park (2014–2018) includes tools to reduce the conflicts of interest 
and minimize environmental impacts.

STREAMLINED INSTITUTIONS AND CROSS-SECTOR PLATFORMS

In 2014 President Nyussi indicated that he wanted a leaner, more-technocratic pub-
lic sector to better align national objectives, strategies, and mandates. As such there 
was a merger of the Ministry of Environmental Coordination and the Institutes 
for Land and Rural Development to form the Ministry of Land, Environment, 
and Rural Development, which could streamline future environmental planning.80
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Centralized interdisciplinary forums of horizontal coordination are being 
developed within and across departments in the national government to facilitate 
coordination and to examine overlap between economic development, energy, 
water, and biodiversity. Mozambique has established a National Council for 
Sustainable Development (CONDES), with a mandate to promote and coordi-
nate the sustainable use of natural resources. This council includes representatives 
of all ministries involved in environmental affairs and other relevant departments, 
including the ministries of Energy and Mineral Resources. It has also established 
environmental units and focal points for the environment in the ministries of 
Agriculture, Energy, Health, Mineral Resources, and Public Works.

Equally important is a devolved, vertical system of governance among spheres 
of government that includes partnerships and co-management structures between 
municipalities, local governments, and communities. Communities play an increas-
ingly prominent role in the management of resources through co-management 
institutions such as the community fisheries councils that are on the ground and 
can disseminate key lessons to coastal communities, clarify park boundaries, and 
enforce fishing regulations.81

ALIGNMENT OF LEGAL FRAMEWORKS WITH BEST PRACTICE STANDARDS

In 2014 Mozambique revised its fiscal and legal framework for the mining and 
hydrocarbons sector to align with international standards. The country introduced 
requirements for local participation in foreign direct investment–funded projects 
that will increase revenues from the sector. Over the past years legislation and 
policy has also evolved to improve the contribution of mining and hydrocarbons to 
good governance, socioeconomic uplift, and environmental sustainability.82

Mozambique’s Conservation Areas Act of 2014 both safeguards critical areas for 
conservation from development and requires best practice mitigation measures such as 
biodiversity offsets. The Act divides conservation areas into areas of total conservation— 
that cover nature reserves and national parks, where no hunting, agriculture, logging, 
or mining are permitted, and areas of sustainable use that include special reserves, 
environmental protection areas, official hunting areas, community conservation 
areas, wildlife sanctuaries, and private wildlife farms. This Act also stipulates that any 
exploitation of natural resources within conservation areas or its buffers must com-
pensate for impacts and ensure no net loss of biodiversity.83

Case study: valuing ecosystem services in Madagascar

Context

Madagascar is an island nation of 538,295 square kilometers off the eastern coast 
of Africa, with a population of 23.5 million people in 2014.84 Known for its high 
degree of endemic biodiversity, it is home to nearly 5 percent of the world’s biodi-
versity, despite only constituting an area of less than 0.5 percent of the Earth’s total 
landmass. Madagascar is home to 212 KBAs and 21 AZE sites, as well as several 
ecosystem services important to the nation’s population. These services, including 
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water-related services, fuel wood, wildlife, and fish for food provision and carbon 
sequestration, are also of international importance.85

Madagascar’s main exports are agricultural and mineral, with overall GDP in 
2014 at $10.6 billion and mining as 17.8 percent of total export contributions.86 
The first-ever development license in the country for on- and off-shore oil and 
gas exploration and development was issued in April 2015 by Madagascar Oil.87 
In spite of this resource richness, the United Nations Development Program’s 
(UNDP’s) Human Development Index—which measures relative life expectancy, 
education, and income per capita using a range of indicators—ranked the country 
low globally at 158 out of 188 in 2015.88 Political unrest in the first part of the 
twenty-first century, marked by a coup in 2009, has compounded these develop-
ment challenges. A democratic presidential election in 2013 was seen by many as 
a step toward government stability, but lingering uncertainty has contributed to 
reduced foreign direct investment in the mining, tourism, and textile sectors.89

With the exceptional natural resources of Madagascar, it is no surprise that con-
servation and extractive interests overlap with some frequency, creating potential 
for conflict.

Assessment of ecosystem services values in the CAZ

In 2011, as part of the Wealth Accounting and the Valuation of Ecosystem Services 
(or WAVES) program of work, the World Bank commissioned a preliminary rapid 
assessment of ecosystem services in Madagascar’s Ankeniheny-Zahamena Forestry 
Corridor (CAZ).90 The assessment demonstrated the economic importance of 
selected ecosystem services including water supply, sediment retention, and carbon 
storage and sequestration. Using both biophysical modeling and economic analy-
ses, the complex nature of ecosystem service provision and the role of ecosystem 
services as inputs to sectors such as agriculture, mining, tourism, and hydroelec-
tricity were analyzed.91 Unlike many other ecosystem services assessment studies, 
the methodology for this biophysical analysis emphasized the spatial dynamics of 
ecosystem services flows and the use of those services by beneficiary groups.92

The CAZ is a PA located in the eastern part of Madagascar. It harbors the largest 
remaining contiguous patch of humid forest in the country, and is surrounded by 
multiple land uses such as agriculture, mining, villages, national parks, and reserves. 
With a surface area of 381,000 hectares, the CAZ’s forests, wetlands, and rivers 
are home to more than two thousand species of plants, mammals, amphibians, and 
birds, many of which are endemic to the region. Located atop an escarpment, the 
CAZ provides substantial services in the provision of water and control of sediment 
flow to the surrounding areas. Approximately 350,000 people live in the CAZ, 
primarily members of rural communities who practice both subsistence agriculture 
and cash crop production. This PA is in close proximity to the Ambatovy nickel 
and cobalt mining project (roughly 70 kilometers to the north-east). This mining 
project is Madagascar’s largest foreign investment project and one of the largest for 
all of sub-Saharan Africa.93

Conservation International used biophysical modeling, combining both physi-
cal data (such as precipitation, slope, and soil type) and social data (such as the level 
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of need and the location of beneficiary groups) to connect the landscape and social 
data with ecosystem service physical outputs.94 Researchers used economic analy-
sis, focusing on climate regulation and water supply, to complete the link between 
the landscape and the economy in a scaled-up context.95

The study findings showed the following: (1) Based on the biophysical analy-
sis of water and sediment regulation, the CAZ site demonstrated the potential 
to sustain much greater water demand compared to sites outside the corridor, 
where there are critical demands for water. (2) Water quality, measured as reduced 
sediment load, was estimated to be significantly better inside the CAZ area than 
outside, highlighting the role the PA plays in preventing sediment contamination 
of the water supply. (3) The economic value of water varies by sector. Water use 
efficiency was found to be greater in the region’s agricultural and tourism sectors. 
The marginal economic value of water (an estimate of the economic value per unit 
of output of the production sector in question) was greatest in the mining sector. 
(4) Carbon sequestration values were found to be very high in the CAZ, suggesting 
the area has high value as a carbon pool and sink.

Implications

The results from this study are relevant given the need to balance competing land 
use demands in Madagascar, as well as in other countries. While rapid and pre-
liminary in scope, it nevertheless provides insights for climate mitigation strategy 
and PA planning—revealing the high economic value of carbon sequestration that 
CAZ offers, and highlighting the potential benefits of engaging in carbon mar-
kets to generate revenues for PA management and improved livelihoods. The 
study demonstrates the ability to quantify the contribution of natural capital to a 
regional economy, and eventually a national accounting framework that appreci-
ates the economic benefits of PAs. The assessment conducted is also informative 
for regional and national integrated water resources management planning and 
policy, whereby policymakers need to address the individual and competing needs 
of different sectors. From an economic standpoint, because the marginal economic 
value of water is the greatest for the mining sector, the relative importance of water 
for mining is clear. At the same time, the case study of Madagascar demonstrates 
the importance of measures that would ensure the sustainability and quality in 
water supply, a role clearly played by forest ecosystems in the region.

Ultimately, this analysis demonstrates that conservation of CAZ provides impor-
tant benefits to mining (as well as other sectors, including agriculture, tourism, and 
energy production) and hints at the need for careful consideration of individual 
and competing needs of different sectors. Though beyond the scope of this study, 
further research that also assesses equity in the distribution of water resources and 
potential negative impacts of mining on water resources could provide a more 
holistic view of these complex values, user needs, and potential risks.

RECOMMENDATIONS FOR HOW TO ADDRESS TRADE-OFFS

As extractive development continues to play a significant role in the economies 
of many African nations, the continent’s conservation priority areas will continue 
to be at odds with this and other competing and potentially threatening land uses. 
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The importance of biodiversity-rich areas and the ecosystem services they provide 
cannot be overemphasized—from their intrinsic value, to the multitude of ben-
efits they provide to people and economies, to the role they play in underpinning 
stable global systems. The question, then, is: How can we both develop minerals 
for economic growth and support healthy natural systems, for contemporary and 
future generations? We offer some recommendations to address potential trade-
offs, improve decision-making and prevent conflicts:

 • Understand and value natural capital. Before engaging in a discussion about 
competing land uses and trade-offs, it is important to understand the eco-
nomic, environmental, social, and cultural values and assets found within a 
landscape or at a national level. Too often, natural capital (the stock of natural 
assets and the flows of ecosystem services they provide) is not well under-
stood, and in many cases goes unvalued.96 For governments, at a national 
level, this can mean engaging in natural capital accounting to appreciate and 
account for the full contribution that nature provides in a country’s wealth. 
The Madagascar case study demonstrates the utility of such assessments in 
identifying nature benefits with tangible economic value to different sectors 
and stakeholders. Initiatives like the Wealth Accounting and the Valuation 
of Ecosystem Services (WAVES) partnership led by the World Bank and 
the “Gaborone Declaration for Sustainability in Africa” are engaging many 
African governments to advance and demonstrate this concept in practice.97

 • Conduct integrated spatial planning. At local and regional levels, a better 
understanding of complex natural capital values, along with other assets, is 
critical to inform effective integrated spatial planning processes (including 
SEAs, land use, or development plans). As highlighted in the Mozambique 
case study, governments could consider leading integrated planning processes, 
which aim to maximize not only traditional economic objectives but also seek 
to integrate biological and sociocultural, ones as well.

 • Promote cross-sectoral linkages. Given the multiple dimensions inherent in 
land use and development planning processes, governments should consider 
establishing formal mechanisms that facilitate discourse, collaboration, coordi-
nation, and planning across different constituencies. Mozambique’s National 
Council for Sustainable Development, with a mandate to promote and coor-
dinate the sustainable use of natural resources is an example of one such mech-
anism. Similarly, Madagascar set up an interministerial committee to address 
some of the overlaps between mineral exploitation concessions and PAs in an 
effort to address these potentially competing interests.98

 • Create a tiered approach to PAs and development. Governments could con-
sider establishing a tiered approach to PAs and development whereby they 
give certain areas strict protection and apply no-go rules for the most criti-
cal areas (e.g., PAs I–IV, WHS, and AZE sites), while deeming other areas 
as more flexible, allowing extractive activity to overlap with environmental 
values; in those areas governments would mandate that good management 
practices be applied. Around the world, tiered approaches to PA systems are 
common. In Liberia, for example, the Protected Forest Area Network Act 
of 2003 commits the country to establishing a network of biologically repre-
sentative PAs covering 30 percent of forest area. The Act specifically precludes 
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mining from several categories of PAs—national park, nature reserve, com-
munal forest, cultural site, and game reserve—that align with higher-level 
IUCN PA categories.

 • Require responsible practices for extractive development. Where extrac-
tive development does occur, governments could consider mandating 
that companies implement leading environmental and social management 
practices and companies could voluntarily apply these best practices. The 
2012 International Finance Corporation’s performance standards provide 
a good benchmark for how governments can frame expectations for com-
panies and guidelines that companies should strive toward.99 Themes such 
as comprehensive ESIAs that also consider health and human rights, and 
application of the mitigation hierarchy including biodiversity offsets, are 
particularly relevant. Comprehensive ESIAs that systematically include 
biodiversity and ecosystem services could provide regulators and other 
concerned stakeholders with an opportunity to review predicted impacts 
and mitigation measures for a development proposal before it is approved, 
thereby avoiding potential conflicts. A precautionary approach to ESIAs 
whereby important areas receive de facto protection while proposed activi-
ties are adequately assessed can also be an effective approach. Namibia, 
among other countries, modeled this when it placed an eighteen-month 
moratorium on planned marine phosphate mining off its coast in 2013 
until an environmental impact assessment could be performed that dem-
onstrated that mining would not harm the country’s fishing industry.100 
The International Finance Corporation’s Performance Standard 6 specifi-
cally sets a target for companies to demonstrate no net loss to biodiver-
sity for natural habitat and net gain for critical habitat by applying the 
mitigation hierarchy, and, where applicable, implementing biodiversity  
offsets.101 Performance Standard 1 also requires companies to consider a 
project’s vulnerability to climate change in addition to the potential to 
increase the vulnerability of ecosystems and communities as part of the risks 
and impacts of the identification process.102 Companies should also consider 
mainstreaming natural capital into business decisions. The Natural Capital 
Coalition has recently launched the Natural Capital Protocol—a standard-
ized approach for business assessment of their impacts and dependencies 
on nature, led by the Natural Capital Coalition—with an aim to support 
better management and decision-making, and to facilitate identification of 
risks that might constrain business development or provide business oppor-
tunities for innovation, new markets, and better financing. Piloting the 
Protocol for a chosen application, such as assessment of risks and opportu-
nities, comparison of options, assessment of impact on stakeholders, among 
other uses, has the great potential to support companies’ enhanced under-
standing of biodiversity and ecosystem service values—both to business and 
to society within their projects’ areas of influence.

 • Utilize sound data and effective stakeholder engagement. For any of these efforts 
to be successful, it is critical to have sound data and thorough and inclusive 
stakeholder engagement. Best available scientific information on biodiversity 
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and ecosystem services, based on biological and sociocultural data, is needed to 
make informed land use decisions and to underpin robust ESIAs, yet there is 
often a shortage of baseline data, particularly in developing countries.103 Equally 
important is stakeholder engagement. Individuals and communities are often 
important sources of information on biodiversity and ecosystem services, as 
well as potential partners in land use and management plans. To be meaningful, 
engagement needs to be transparent and to begin early in the process. Civil soci-
ety groups have a role to play, engaging with communities, governments, and 
the private sector, to support collection of scientific information and to facilitate 
effective stakeholder engagement processes.

Conclusion

In conclusion, as the analysis and case studies in this chapter illustrate, conserva-
tion and development planning are complex processes that involve addressing the 
competing—and sometime seemingly incompatible—interests of different natural 
resource stakeholders. Making decisions about the environment and its management 
typically involves difficult trade-offs resulting in both winners and losers. Taken 
together, our recommendations call for more-transparent and more-inclusive 
dialogues among government, private sector companies, and communities; and for 
rigorous assessments on the values of biodiversity and ecosystem services, to sup-
port better-informed, value-based policies and practices as the first step to prevent 
or mitigate conflict among mining and conservation priorities in Africa.

Appendix I

IUCN protected 
area management 
categories104

Description

IA—Strict 
nature 
reserve

“Strictly protected areas set aside to protect biodiversity and also 
possibly geological/geomorphological features, where human 
visitation, use and impacts are strictly controlled and limited to 
ensure protection of the conservation values.”

IB—Wilderness 
area

“Large unmodified or slightly modified areas, retaining their natural 
character and influence, without permanent or significant 
human habitation, which are protected and managed so as to 
preserve their natural condition.”

II—National 
park

“Large natural or near natural areas set aside to protect large-scale 
ecological processes, along with the complement of species 
and ecosystems characteristic of the area, which also provide 
a foundation for environmentally and culturally compatible 
spiritual, scientific, educational, recreational and visitor 
opportunities.”

(continued)
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IUCN protected 
area management 
categories104

Description

III—Natural 
monument 
or feature

“Areas set aside to protect a specific natural monument, which can 
be a landform, sea mount, submarine cavern, geological feature 
such as a cave or even a living feature such as an ancient grove 
They are generally quite small protected areas and often have 
high visitor value.”

IV—Habitat/
species 
management 
area

“Protected areas aiming to protect particular species or habitats and 
management reflect this priority. Many category IV protected 
areas will need regular, active interventions to address the 
requirements of particular species or to maintain habitats, but 
this is not a requirement of the category.”

V—Protected 
landscape/
seascape

“Areas where the interaction of people and nature over time has 
produced an area of distinct character with significant ecological, 
biological, cultural and scenic value and where safeguarding the 
integrity of this interaction is vital to protecting and sustaining 
the area and its associated nature conservation and other values.”

VI—Protected 
area with 
sustainable 
use of 
natural 
resources

“Generally large, with most of the area in a natural condition, 
where a proportion is under sustainable natural resource 
management and where low-level non-industrial use of natural 
resources compatible with nature conservation is seen as one of 
the main aims of the area.”

Source: UNEP-WCMC.
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In brief

 • The outbreak of Ebola virus in west Africa in 2014–2016 demonstrates 
the continued risk of emerging infectious diseases (EIDs) in Africa. It 
also illustrates the vulnerability of mining companies to the economic 
impacts of EIDs: that the outbreak forced several companies to scale 
back and/or terminate projects.

 • Through its impacts on land use, human population dynamics, and 
biodiversity alterations, among many other behavioral and ecological 
changes, the mining industry creates risks for the spread of EIDs. The 
industry can mitigate these risks through cross-sectoral partnerships 
involving other private sector companies, NGOs, and local and interna-
tional health authorities to help prevent, prepare for, and respond to EID 
outbreaks. The success of such cross-sectoral partnerships depends in 
part on a good understanding of past effective collaborations.

 • Policymakers and companies should focus more on risks of EIDs dur-
ing routine impact assessment of mining projects, and should better 
identify how the mining industry can support countries’ adherence to 
international frameworks and guidelines for preventing and responding 
to EID outbreaks.

Introduction

The response to the Ebola crisis of 2014–2016 in west Africa serves as a reminder 
of the importance of public and private sector collaboration to manage risks, ensure 
business continuity, and foster sustainable development. That outbreak infected 
more than 28,000 people across Guinea, Liberia, and Sierra Leone, killing more 
than 11,300 of those infected. It had a significant impact on already fragile local 
and national health systems. To tackle Ebola, these systems diverted resources away 
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from maternal and child health, HIV/AIDS, and tuberculosis programs, among 
others, thus compromising other health care services.1 In addition to the health 
sector, the outbreak had a substantial impact on socioeconomic development in 
the affected countries: the World Bank estimates that the Ebola-attributable GDP 
loss in 2014–2015 for the three countries was approximately $2.8 billion.2 The 
World Health Organization Ebola Response Team (WHOER) estimates indi-
vidual country losses as $240 million for Liberia, $535 million for Guinea, and $1.4 
billion for Sierra Leone.3 For the extractive industry and the mineral sector, which 
together are a major source of tax revenues for governments in the region, the epi-
demic has had significant consequences, with many companies forced to suspend 
activities, absorb significant losses, or, in some instances, cease trading altogether.4

Ebola and other emerging infectious diseases

The 2014–2016 Ebola outbreak demonstrated a clear need for improved engage-
ment between two entities with seemingly disparate interests, if there is to be 
business continuity: first, business-focused extractive companies and second, gov-
ernment authorities, including public health agencies. Ebola is just one of many 
emerging infectious diseases (EIDs) that can cause widespread disruption to trade, 
travel, and economic development across the tropics, including tropical Africa. 
EIDs can be known diseases that are becoming more common or are spreading into 
new areas as a result of changes in the disease-causing microorganisms, changes in 
land use (including use for farming, lumbering, and mining), and a changing cli-
mate. Other EIDs have existed in wild or domesticated animals and are newly iden-
tified in humans; an example is HIV, identified in the late twentieth century, which 
is thought to have emerged in non-human primates before infecting humans.

A review of EIDs in the past 60 years suggests that over 60 percent of these 
diseases were transmitted from animals; of those animal-transmitted diseases, just 
over 70 percent came from wild animals and the rest from domesticated animals.5 
An example of an EID is Zika fever, a mosquito-borne viral disease. Zika was first 
identified in a non-human primate in the Zika Forest of Uganda in 1947, and 
gradually moved east across the Pacific before appearing in Brazil in 2014. Since 
that year it has spread rapidly across communities in south and central America and 
the Caribbean. Zika is associated with microcephaly and Guillain-Barré syndrome, 
among other neurologic syndromes, and has had a detrimental effect on trade and 
commerce in the affected areas.6

Other important examples of EIDs and reemerging infectious diseases reported 
since the late twentieth century include the Middle-East respiratory syndrome 
coronavirus, West Nile fever, dengue fever, chikungunya, severe acute respiratory 
syndrome, and novel influenza virus strains such as H1N1 (also known as swine 
flu) and H5N1 (also known as highly pathogenic avian influenza). Advances in 
medical sciences and technology have improved our ability to identify and detect 
these pathogens, and monitor their spread through the development of increas-
ingly sophisticated disease surveillance systems. Globalization and increasing inter-
national travel have resulted in new convergences of people, wild and domestic 
animals, and the environment, altering ecosystems and providing some microbes 
with greater opportunities to breach species barriers (Figure 12.1).7 Humans and 
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their domesticated animals have infringed on wild animal habitats, increasing con-
tacts among them. At the same time, international trade has lengthened supply 
chains and increased the speed with which infectious diseases can spread and even 
transition into pandemics, with potentially deadly consequences.

The Ebola and Zika outbreaks demonstrate that EIDs are not restricted to rare 
health events affecting a small subset of the population. Since 2000 EID events have 
increased in frequency, creating high-impact, high-risk emergencies that can have 
global consequences: the World Health Organization (WHO) estimates that of 
2,797 international health hazards recorded worldwide between January 2001 and 
September 2013, 84 percent were EID outbreaks.8 In 2016 the World Economic 
Forum identified the spread of infectious diseases as one of the greatest potential 
threats to global business activities and economic growth.9 The economic burden 
of controlling outbreaks of six major EIDs between 1997 and 2009 was at least $80 
billion, according to an extensive study by the World Bank. Those six outbreaks 
were Nipah virus, West Nile fever, severe acute respiratory syndrome, highly 
pathogenic avian influenza, bovine spongiform encephalopathy, and Rift Valley 
fever. The study highlighted the importance of proactive early control of EID 
outbreaks (ideally in animal populations before the outbreaks extend into human 
communities) to limit both the costs and the impacts of diseases (Figure 12.2).  
These controls are key considerations for mining companies seeking to better 
manage business continuity risks in the face of public health emergencies such 
as EIDs.10 Indeed, any emergency response system developed to deal with EIDs 
would also be relevant and helpful in case of endemic, more-frequent outbreaks 
such as cholera or measles, which also have serious cost and health implications.
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Figure 12.1  EIDs and reemerging infectious diseases: human–animal–environment pathways

Source: adapted from Matthew A. Dixon et al., Veterinary Record 174 (2014): 546–551
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Managing risk for the extractives industry: prevention, 
preparedness, and response

The mining industry causes changes in the social and natural environments that 
can lead to more-frequent EID outbreaks.11 Extractive projects fundamentally deal 
with land-use change, human population dynamics, and biodiversity alterations, 
among many other behavioral and ecological changes, all of which are key drivers 
in disease emergence and outbreaks. For example, extractive projects can result in 
greater contact with wildlife through encroachment into previously uninhabited 
areas, thereby altering the distribution and abundance of wildlife and their associ-
ated pathogens and increasing the movement of and interactions between wild 
and domesticated animals.12 Many of the mineral deposits in Africa are located 
in areas that are hotspots for EIDs, as well as for reemerging infectious diseases. 
Furthermore, several countries on the continent continue to struggle with devel-
oping fully integrated health-care systems. All stakeholders—including mining 
companies and governmental authorities—should be aware that outbreaks can 
lead to suspensions or shutdowns in extractive projects, significantly disrupting 

Figure 12.2 Rationale for early control of EID outbreaks

Source: adapted from David L Heymann, A. Dar Osman, “Prevention is Better Than Cure for Emerg-
ing Infectious Diseases,” BMJ, 2014 348: g1499
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business continuity and fiscal revenues. In turn, these disruptions can adversely 
affect the profitability and even the survivability of firms in the industry as well as 
the affected countries’ socioeconomic development.13

Currently many companies in the mining sector do partial assessments of the 
risks that diseases could pose to their operations at the start of their projects, adopt 
evidence-based recommendations to manage risks, and invest in health programs 
in the countries where they operate.14 All these exercises are a fundamental com-
ponent of a preventive approach that ensures that risks are identified early and sub-
sequently managed. For example, the International Council on Mining and Metals 
(ICMM) guidance on HIV/AIDS, tuberculosis, and malaria provides guidance on 
development of a management plan process for EID control.

The main process mandated by national governments worldwide to iden-
tify, assess, and mitigate health risks associated with project developments is the 
environmental impact assessment (EIA), which incorporates some limited health 
considerations within it. When governments conduct assessments, many compa-
nies actively mitigate the potential adverse effects of their operations on wildlife 
and promote biodiversity, but often do not consider the potential transmission of 
zoonotic pathogens and the capacity of the public health and veterinary systems 
to respond to these threats.15 In fact, the EIA process is generally poor at cover-
ing health at large unless companies commission a comprehensive health impact 
assessment (HIA), thereby transforming the EIA into an integrated environmental, 
social, and health impact assessment (ESHIA).16 Most African countries, however, 
have no requirements or guidance for the inclusion of health in the EIA process, 
and very few African countries even mention community health issues within their 
mining codes.17 Therefore the majority of public health risks are not correctly and 
promptly identified and managed, and, as such, little is done to address these risks 
in the wider area of industry operations.

The mining sector’s approach to infectious disease control has until recently 
been primarily based on industrial practices and programs focused on “inside the 
fence” measures.18 Mining companies might not, therefore, take into consideration 
the status of WHO International Health Regulations (IHR) core competencies 
and capacities required by national health systems to deal with outbreaks, unless 
they do so during the ESHIA. Nevertheless, the industry increasingly recognizes 
that to improve both risk assessment and management around EIDs and health 
emergencies, national health, animal, environmental, and emergency response 
authorities need to engage more widely.

A narrative literature review carried out in 2016 assessed the extent of collabora-
tion between mining companies and government authorities in terms of strength-
ening outbreak prevention and management processes and systems.19 The review 
found anecdotal evidence of collaboration in the 106 sustainability reports of ICMM 
members reviewed, and demonstrated that there is very little evidence published 
in peer-reviewed literature to date regarding effective collaboration for outbreak 
management: only thirty-four gray literature articles satisfied all the inclusion crite-
ria used in the study. These documents described either general infectious diseases 
control outside the fence (fifteen articles), or outbreak management in collabora-
tion with other stakeholders (nineteen documents). Only two of those documents 
described collaboration not related to the 2014–2016 Ebola outbreak in west Africa.
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According to the review, influenza pandemic risk generated the most collaborative  
preparedness efforts. Furthermore, while most mining companies mentioned in 
their annual sustainability reports that their projects had developed emergency 
response plans, these plans primarily focused on accidents and natural disasters. 
Although they included some preparedness for disease outbreak, the extent to 
which they considered outbreaks was often not clear from the annual sustainability 
reports. The review also found the main drivers for company policy changes were 
business continuity of their operations, duty of care toward their workers, and the 
social responsibility agenda.

The 2014–2016 Ebola outbreak in west Africa was a game changer for the role 
played by the private sector, including mining companies, in the management of 
outbreaks and potentially other health emergencies.20

Mining companies directly affected by the Ebola outbreak in west Africa are 
now learning the important lessons around improving EID control and outbreak 
management. International mining companies generally responded by either pro-
gressively phasing down their operations in the region and not getting involved 
in response efforts, or by remaining as fully operational as possible during the 
outbreak.21 The latter group classed the outbreak as a serious operational risk and 
collaborated with multiple stakeholders to help deal with it.22

The primary focus of mining companies that remained operational during the 
outbreak was the protection of their investment, project sites, and their workers 
and their dependents. Collaborative activities between the public sector and these 
mining companies varied during the outbreak and can be broadly framed under 
five categories: (1) immediate relief assistance, either directly to affected people or 
through clinics or hospitals with medical equipment, cash donations, or transporta-
tion assistance; (2) support to community training and capacity-building activities, 
including public awareness campaigns, with a focus on improving hygiene and 
fighting misperceptions about the disease; (3) monitoring to feed into daily situa-
tion reports and improve risk management; (4) financial contributions to national 
governments to support the response; and (5) international advocacy to elicit a 
stronger response from the international community. Collaborative approaches 
became an essential aspect of the business resilience to the risks posed by the out-
break because corporations realized that working in silos did not protect people or 
investments.23 Collaborations were often established at the project, country, and 
global levels.

Some non-extractive companies that went through the experience of the out-
break now play an active role in contributing ideas and recommendations to post-
Ebola recovery efforts in the region.24 For instance, the International Air Transport 
Association has recommended introducing greater flexibility into the airline 
industry’s framework for responding to future public health emergencies in order 
to protect the continuation of services in west Africa and to support recovery.25 
Furthermore, the International Finance Corporation post-Ebola plan includes steps 
to preserve the private sector in Ebola-affected countries by investing $250 million 
for the Ebola Crisis Response Facility to support small and medium enterprises.26

Importantly, the 2014–2016 Ebola crisis coincided with unfavorable changes 
in market conditions such as the decrease in the global price of iron ore. Iron 
ore prices plummeted to five-year lows in September 2014, with analysts 
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expecting prices to continue into decline in the medium term.27 These unfavorable  
commodity prices posed an even bigger challenge to mining operations in the 
region that were fighting Ebola in the short run and struggling to continue 
mining operations in the medium and long terms. In Liberia, for example, 
ArcelorMittal Liberia, the largest mining company in that country, delayed its 
planned investment to expand production capacity from 5.2 million tonnes of 
iron ore to 15 million tonnes. China Union, the other iron ore mining firm 
operating in Liberia, shut down its operations in August 2014.28 As a result, the 
country’s mining sector was expected to contract over the course of the out-
break compared with an initial projection for growth above 4 percent.29

To prevent interruptions such as these in business continuity, the extractives 
sector at large must develop an improved understanding at the senior management 
level of how EIDs and health emergencies can impact activities. Once they have 
this understanding, decision makers will be able to use accurate cost estimates to 
factor into any cost benefit analyses for building operational resilience.30

Box 12.1  Case study: EID control in Katanga Province, 
Democratic Republic of the Congo

The Chatham House Centre on Global Health Security in partnership with 
the University of Lubumbashi conducted a qualitative study in the mining 
industry in Katanga Province, Democratic Republic of the Congo (DRC) 
in 2014 to assess the acceptability and perceived usefulness of introducing 
specific EID vulnerability assessment tools and mitigation management prac-
tices to mining companies.31 The study participants were a variety of senior 
DRC-based managers from four multinational mining companies operat-
ing in Katanga: Freeport McMoRan (TenkeFungurume Mining), Mawson 
West (Dikulushi & Pweto—two different projects), Tiger (Kipoi), and 
MMG (Kinsevere). All four companies operate through local subsidiaries and 
collectively account for 32 percent of the total cobalt and copper production 
in Katanga Province. These companies varied in terms of their operational 
size, levels of capital investments management structure, and geographical 
remoteness; the projects were at different stages of the project cycle, thus 
allowing for the study to explore a range of experiences. Researchers inter-
viewed respondents on a range of topics, including their views on the main 
health risks and vulnerability affecting the mining industry, their experiences 
of disease outbreaks, current measures implemented to prevent and con-
trol infectious diseases, and barriers to and facilitators of introducing further 
infection prevention and control measures.

A key finding to emerge from the study was the fact that, despite generally 
having extensive infection prevention and control measures in place inside 
the fence, respondents acknowledged the vulnerability of mining opera-
tions to disease threats occurring outside the fence, in the local community. 
They attributed this vulnerability to weak public health and social infrastruc-
ture, underdeveloped surveillance systems, and low levels of education and 
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awareness. All the companies in the study were engaged in trying to address 
this problem through community health improvement and disease preven-
tion programs. The study revealed tension surrounding the roles and respon-
sibilities of the state and private sector in terms of health service provision, 
however. Respondents indicated a sense of futility in the face of outbreaks: 
the health needs of the local population far outstripped the services provided 
by the mining companies.

Nevertheless, respondents also recognized the importance of increasing 
resilience inside and outside the fence, both in terms of reducing mortal-
ity and morbidity and in economic terms. The study concluded that there 
is significant potential for the extractive industry to strengthen local state-
run health services and outbreak response mechanisms as a way of avoiding 
dependency, and as a means of promoting long-term community health. 
Investment could include providing resources to local communities in prep-
aration for outbreaks (e.g., infrastructure, medical equipment, and drugs), 
training local health workers and other stakeholders on the management of 
EIDs, and sharing information and guidelines. In the event of disease out-
breaks, the study respondents suggested that mining companies could play a 
bigger role, using their access to public health expertise and their reach into 
local communities as a means of rapidly identifying cases, tracing contacts, 
and managing outbreaks, particularly in remote settings. Moreover, mining 
companies could offer more support to health authorities by conducting 
health promotion campaigns in the community to encourage early referrals 
to care, adopting preventive strategies, and addressing cultural practices that 
increase the risk of transmission.

To ensure better sustainability, individual companies could plan and 
implement these activities in partnership with other mining companies and 
local authorities to reduce the impact on any single organization, and to 
ensure consistency. For example, mining companies operating in an area 
could pool their financial and human resources to improve laboratory capac-
ity and efficient sample processing that would allow early diagnosis of infec-
tious diseases. The study suggested the establishment of a network that would 
promote greater integration and coordination of all relevant stakeholders, 
including mining companies, the Ministry of Health, veterinary services, 
NGOs, the WHO, research institutions, and United Nations bodies.32

The way forward—multisectoral collaboration in  
a globalized system for EID control

EIDs, as discussed, often have an animal reservoir; for a variety of reasons they 
can sometimes breach the species barrier and enter human populations. A sub-
set of EIDs, such as HIV, Ebola, and Zika, have the potential to become major 
outbreaks or even pandemics. There has been a growing global focus, therefore, 
in developing disease control strategies that focus on an integrated manner at the 
interface between animals, humans, and the ecosystems in which they live while 
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being sensitive to the demands of international trade and commerce. This is the 
One Health approach.33 The One Health approach is defined as a collaborative 
effort of multiple disciplines to attain optimal health for people, animals, and the 
environment. A key plank of this approach at global and national levels is to 
encourage the building of robust and well-governed human and animal public 
health systems compliant with the World Organisation for Animal Health (OIE) 
and the IHR standards.

IHR is the international legal framework created to help the international 
community prevent and respond to acute, global public health risks. In 2005 
WHO revised IHR to reflect the changes brought about by globalization and the 
increased level of knowledge on infectious disease control.34 The IHR helps WHO 
member states better prepare and respond to outbreaks; WHO is required to col-
laborate with and support countries in implementing the IHR and coordinating all 
competent intergovernmental organizations or international bodies in support of 
this role. The focus of the IHR is on the identification and containment of health 
emergencies and disease threats at the source. Achievement of these goals requires 
WHO member states to develop core national public health capacities. The eight 
core capacities covered by the IHR are (1) legislation, policy, and financing;  
(2) coordination; (3) surveillance; (4) response; (5) preparedness; (6) risk commu-
nications; (7) human resources; and (8) laboratories.

Many countries with mining operations in areas that are at an increased risk of 
EID outbreaks have not fully met these core capacities, particularly in relation to 
animal health. Many, therefore, are unable to quickly and efficiently detect and 
respond to potential disease threats. Mining companies should take these weaknesses 
into consideration in any business risk mitigation strategy. Alongside national com-
mitments to the implementation of the IHR, there are global agreements around 
emergency and disaster response capability through the Sendai Framework on 
Disaster Risk Reduction.35 United Nations member states are committed to devel-
oping robust systems for disaster prevention, management, and response under the 
Sendai Framework. In addition, the WHO secretariat has set a course that weaves 
together disaster risk reduction and health emergency response, including infec-
tious disease outbreaks. Commitments include the health sector providing greater 
input and participation into disaster risk reduction fora at the national, regional, and 
global levels; WHO promoting an all-hazards approach; and WHO promoting an 
integrated multisectoral response to emergencies.36 The relationship of the health 
sector to broader disaster response mechanisms at national and subnational levels has 
gained increasing prominence as a result of the 2014–2016 Ebola outbreak in west 
Africa; the health sector’s role is being more clearly conceptualized and defined in 
the context of all-hazards approaches to risk management (Figure 12.3).37

Importantly, the United Nations’ Sustainable Development Goals (SDGs) 
Agenda 2030, which came into effect at the start of 2016, provides the framework 
for potentially integrating the private sector and mining companies into the global 
agreements around IHR and disaster risk reduction.38 These goals provide an over-
arching set of development objectives for all countries around the world including 
for those related to improved health and disease control. An extensive list of tar-
gets support countries monitor the progress being made toward each SDG. SDG 
targets 17.16 and 17.17 in particular provide the relevant guidance for integrating 
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the private sector into national systems for disaster response and risk mitigation 
in line with the principles outlined by a multidisciplinary and multi-stakeholder 
One Health approach. Target 17.16 recognizes “multi-stakeholder partnerships as 
important vehicles for mobilizing and sharing knowledge, expertise, technology, 
and financial resources to support the achievement of the SDGs.” Target 17.17 
calls for the “encouragement and promotion of effective public, public–private 
and civil society partnerships, building on the experience and resourcing strategies 
of previous initiatives.”39 The extractives industry could, therefore, use the SDG 
framework to support national governments’ efforts to develop sustainable systems 
for disease control while also improving its own ability to assess and manage health 
emergency and broader disaster risks.

The African mining sector operates in a context where the capacity to detect 
and respond to disease threats is still low; it is therefore in the interest of compa-
nies, for business continuity purposes, to collaborate with the relevant responsible 
organizations to mitigate those threats.

In summary, establishing integrated One Health public–private partner-
ships under the appropriate global frameworks outlined is likely to be the 
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most acceptable and operationally cost-effective approach to EID control and  
emergency response for all relevant stakeholders; both within the private sector 
(i.e., the mining industry) and the countries concerned. Success, however, is not 
guaranteed, and partnerships will have to adapt to local conditions, across the 
spectrum of disease control from prevention to recovery. This process should 
involve identifying past instances of successful collaboration around EID control 
between the mining and public sectors, and ensuring that planned impact assess-
ments of future mining projects sufficiently consider health and EID potential 
within their remit. It should also include conduction of locally relevant health 
systems and epidemiological research to examine the mining sector’s poten-
tial role in supporting IHR implementation, piloting collaborations under an 
accountable and transparent governance framework, and having robust metrics 
and validated tools available for evaluations of partnerships.
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13 Mineral investment  
decision-making in Africa
A real options approach in integrating  
price and environmental risks
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In brief

 • Mining companies face numerous challenges in managing commodity 
price and environmental uncertainties.

 • We develop a framework to incorporate environmental, social, and fis-
cal uncertainties into the mineral investment decision-making process.

 • We develop new valuation techniques that promote sustainable and 
responsible mining with little or no impact to the environment.

 • We apply the real options analytical method to the valuation of three 
hypothetical mine projects under scenarios in Ghana, Tanzania, and 
South Africa.

 • The valuation model we have developed enhances the strategic plan-
ning and investment decision-making processes of mining companies 
in Africa.

Introduction

The United Nations Sustainable Development Goals (SDGs) encourage responsi-
ble mining operations that adequately support the local communities they operate 
in and that take responsibility for environmental protection. The two primary goals 
that underline these principles are SDGs 8 and 15.1 SDG 8 calls for actions that 
“Promote sustained, inclusive and sustainable economic growth, full and produc-
tive employment and decent work for all.” SDG 15 addresses the urgent need to 
“Protect, restore and promote sustainable use of terrestrial ecosystems, sustainably 
manage forests, combat desertification, and halt and reserve land degradation and 
halt biodiversity loss.”

To achieve these goals, mining companies must ensure their operations are eco-
nomically sustainable in order to provide development opportunities for their host 
countries and to support environmentally sustainable activities that protect and restore 
the environment. From 2003 to 2013 two main risks that hampered the realization 
of these SDGs in Africa were commodity price and environmental uncertainties.2
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Most African countries are overdependent on metals and minerals for public 
revenue, making them vulnerable to the cyclic nature of the commodity mar-
kets. This dependence, over the years, has resulted in boom-and-bust commodity-
driven economic development, whereby high growth performances are realized 
with high commodity prices, followed by economic vulnerabilities and fragility 
when commodity prices fall. Compounding the problem are weak environmen-
tal frameworks in most African countries, enabling mining companies to avoid 
their primary mandate of protecting and restoring the environment. Acquisition 
of environmental permits has become a politically motivated process in some 
countries, which hampers the development of new mining projects.3 This chapter 
applies the real options technique, an economic term introduced by Stewart Myers 
in 1977. The real options technique uses additional information to introduce flex-
ibility in the valuation of mineral projects.4 It has significantly improved how firms 
introduce flexibility into investment decision-making and strategic planning to 
avert risk and manage uncertainties. We use that method to develop an integrated 
model that includes commodity price risk and environmental risk in determining 
the value of mineral projects in Ghana, Tanzania, and South Africa. Cumulatively, 
these three countries account for over 80 percent of gold produced in Africa and 
fairly represent the 3 main economic regions of sub-Saharan Africa.5 Lessons drawn 
from these specific country-context scenarios could potentially be extended into a 
framework for project valuation in the wider African continent.

Project valuation using real options

The mining industry has been working toward a consistent approach to determine 
the effect of project risk on value and operating policy, using a variety of valua-
tion techniques. Different attempts span from the use of multiples as a valuation 
technique in the 1960s, to the discounted cash-flow approach in the 1970s, to 
the Monte Carlo simulations and decision trees in the late 1990s.6 Project analysts 
are attempting to build mine valuation models that successfully integrate market 
information about risk with a detailed description of project structure.7 Mining 
companies are increasingly adopting project valuations techniques from the finan-
cial industry so that mine valuation models can successfully integrate with market 
information about risk with a detailed description of project structure.8

Risk is the ability to assign numerical probabilities to random economic events, 
whereas uncertainty results from random events to which agents cannot assign  
probabilities.9 Or, put simply, “The future is subject to risk; the future is uncertain.”10  
Every process in the minerals industry has an element of risk. Mining is thus cor-
rectly referred to as a high-risk venture, that calls for highly effective minerals pro-
ject valuation techniques.11 There is an increasing realization among industry patrons 
that the capital-intensive nature of mining projects, several years of preproduction 
investment and uncertainties, and relatively long project lifespans make it very dif-
ficult to accurately evaluate projects using traditional techniques.12

Although it is easy to apply traditional approaches to estimating project value, 
they are mostly built on faulty assumptions.13 Increasingly, researchers call for 
improved and more-effective valuation techniques because current investment 



Africa’s mineral project valuation  197

projects are becoming riskier, with more cases of declining ore grades and higher 
volatility in commodity prices.14 The failure of traditional valuation methods is 
attributed to those methods’ inability to allow for a flexible (but agile) strategic 
decision-making process.15 Faulty investment decisions can lead to unsustain-
able operational costs or bankruptcy. Therefore, good financial management 
combined with good capital investment decisions are critical to the survival of 
mining projects.16

It is crucial for valuation techniques to evolve from traditional to sophisticated 
cutting-edge techniques because of prevailing challenges in tracking resource 
valuation, mine and process scheduling, marketing, and financial modeling into 
one integrated mineral project valuation process.17 Additionally, the failure of tra-
ditional mineral project valuation methods to capture the true value of mining 
investments could lead to the rejection of potentially good investment opportuni-
ties or allocation of capital to marginal projects.18 The application of risk interpre-
tation in conventional valuation processes is based more on subjective judgment 
than on a quantitative approach that eliminates prejudice in decision making. The 
subjective approach to project valuation could result in biased outcomes and the 
inability of mineral practitioners to fully capture project risks.19 This challenge in 
project valuation has called for improved valuation techniques leading to a more 
efficient system for mine planning in the face of multiple uncertainties that mini-
mize subjective judgments.20

There is a degree of controversy today as to which is the most reliable real 
options valuation model.21 The option to change operating scale (to expand, con-
tract, shut down, or restart) provides decision-makers with the ability to expand 
scale of production or to accelerate resource extraction during favorable market 
conditions.22

The real options method has proven to be a reliable approach to integrating 
other elements of uncertainty and risk in the evaluation of minerals projects. One 
unique feature of the real options approach is its ability to adjust for risk within 
cash-flow components. The discounted cash-flow method, on the other hand, 
discounts for risk in the aggregate net cash flow.23 This means that project analyst 
adjusts for risk through probabilities rather than through discounting at a blanket 
risk premium.24 We cannot eliminate risk in the mining industry, but we can 
minimize it.25

One key success of real options valuation is its ability to include the value of 
decisions associated with uncertainties into its initial model. This increases its reli-
ability and helps managers to consider future events so that change finds them pre-
pared and ready to act accordingly when certain red-light indicators are triggered.

Mining in Ghana

Ghana is the second-largest producer of gold in Africa, with about fifteen medium- 
to large-scale operations mining in commercial quantities, in addition to others 
in the exploration and reconnaissance stages.26 In 2014 the total minerals export 
was estimated at $4.516 billion, with the mining and quarry sector contributing  
8 percent of total GDP. The sector contributed over 16 percent of fiscal receipts to 
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the Ghana Revenue Authority, the mandated revenue collector for the Ghanaian 
government.27 The mining industry in Ghana is regulated and managed by twelve 
key laws and regulations, including these six:

 • Constitution of the Republic of Ghana, 1992;
 • Minerals and Mining (Amendment) Act of 2010 (Act 794);
 • Minerals and Mining (Health, Safety, and Technical) Regulations of 2012;
 • Minerals and Mining (Compensation and Resettlement) Regulations of 2012;
 • The Ghana Revenue Act of 2009 (Act 791); and
 • The Environmental Protection Agency Act of 1994 (Act 490).

The Ghanaian government receives mining-related income through taxes and lev-
ies, including the Mineral Right Licence, Property Rate, Ground Rent, Mineral 
Royalty, Corporate Tax, and Dividends.

Mining in Tanzania

Tanzania possesses significant deposits of gold, silver, and diamonds. It is the 
fourth-largest producer of gold after South Africa, Ghana, and Mali. After nation-
alization of most of the mines in 1972, the mining sector was liberalized with 
the introduction of the Mineral Policy of 1997. This liberalization saw the influx 
of foreign investment in the mining sector with gold representing 90 percent of 
mineral production in the country as of this writing.28 The mineral industry in 
Tanzania is primarily governed by the Mining Act No. 15 of 2010, with eleven 
subsequent regulations to guide operations, management, and regulation. Notable 
among these regulations are

 • Mining (Mineral Rights) Regulations of 2010;
 • Mining (Safety, Occupational Health And Environmental Protection) Regulations  

of 2010; and
 • Mining (Mineral Trading) Regulations of 2010.

In addition to these, the Environmental Management Act of 2004, the Income 
Tax Act of 2004, and the Tanzania Investment Act of 1997 provide key guide-
lines in the administration of the industry. In 2014 the mining sector contributed  
3.3 percent of the total GDP of the Tanzanian economy and a direct contribution 
of 7,000 skilled and semi-skilled jobs.

The Tanzanian government receives mineral revenue through taxes and levies, 
including the corporate tax, royalty, and annual rent fee.

Mining in South Africa

South Africa has recorded significant decreases in its mining sector from 2003 to 
2013; yet mining remains a key pillar in the economy. In 2013 mining accounted 
for 26 percent of South Africa’s total merchandise exports. On the Johannesburg 
Stock Exchange mining stocks contributed about 18.7 percent of the total market 
capitalization at the end of 2014. Also, the sector contributed a total of 7.6 percent 
of the GDP of the South African Economy.29
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The South African government generates income from the mining sector 
through the collection of corporate income tax, royalty, license fees, and with-
holding tax.

Table 13.1 summarizes the major sources of taxes and levies retrieved by gov-
ernments in the mining sector for Ghana, Tanzania, and South Africa. In cases 
where a sliding scale rate is used, the highest value is selected.

Modeling gold price uncertainty

In making investment decisions, mining companies apply the gold price model 
universally to all projects irrespective of the host country. The model used in this 
chapter simulates gold prices for a twenty-five year period using historical data 
from 1990 to 2015. The simulation is based on the theory that gold prices follow a 
Geometric Brownian Motion. This model is used to simulate the gold prices along 
twenty-five independent paths. In Figure 13.1 the first section of the graph (single 

Table 13.1  Major sources of mineral taxes and levies in Ghana, Tanzania, and South Africa

Tax/Levy Ghana Tanzania South Africa

Corporate tax 35%a 30% 28%b

Royalty 5%c 4% 0.5% to 5%
Dividend 10%d Vary 0
VAT 0 18% 15%
Withholding tax (dividend) 8% 10% 15%
Withholding tax (services) 20% 5% 15%
Withholding tax (royalty) 15% 10% 12%
Withholding tax (interest) 8% 10% 15%
Capital gains tax 0 30% Vary
Depreciation allowance 20%e 100%f 100%g

Note: a = net profit; b = varies; c = gross revenue; d = carried interest in company shares; e = straight 
line for five years; f = indefinitely for exploration and development costs; g = immediate expensing.
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blue line) represents the historical gold prices, followed by the expanding fan of 
mean of simulated prices with independent price paths.

Modeling environmental uncertainty

Environmental risks and uncertainty have become a big challenge in the mineral 
industry since the beginning of the twenty-first century for two main reasons:

1 The increase in awareness of the damaging effects of human activities on the 
environment has led to the strengthening of regulatory processes to curb the 
harm caused to the environment. In the mining industry, researchers have 
made groundbreaking discoveries in the areas of toxic chemicals and acid mine 
drainage, to name only two. These discoveries have contributed significantly 
to the improvement of various environmental laws across several jurisdictions, 
leading governments to issue more mining permits.

2 Second, the exponential increase in the scale of extraction processes during 
the mining super cycle has presented entirely new environmental challenges. 
Mega-projects require huge equipment to haul materials, which in turn 
increases emissions and waste, and widens the emission footprints of mining 
operations. The dam failure at Brazil’s Samarco in late 2015 proves that in 
spite of all the advancements made in safety, large corporations today can still 
cause accidents that harm the environment.30 These environmental casualties 
are becoming eminent due to the continuous increase in commodity extrac-
tion capacity, demand, and supply, and have highlighted the environment as a 
major source of uncertainty in the mineral industry.

Unlike other market uncertainties that are universal, such as commodity prices 
and foreign exchange, environmental uncertainties are region and country spe-
cific. Even within some countries, environmental challenges and regulations vary 
from state to state or province to province. This chapter addresses the challenge 
of building the environmental uncertainty and risk model posed by environmental 
issues by developing a standardized environmental model that can be extended to 
evaluate gold mining projects across Africa.

The chapter develops an environmental model that embodies seven main cri-
teria common to most African mining regions and that are specifically present in 
Ghana, Tanzania, and South Africa (Table 13.2). These criteria fall under Epstein 
and Rejc’s broad framework of strategic risks, operational risks, reporting, and 
compliance risks.31 We weigh these criteria on their anticipated likelihood and 
consequence and report them in a risk map.

 • Environmental and Safety Management: This uncertainty criterion reviews 
the environmental and safety management practices of randomly selected 
mines in the host country, including the expertise of the mines’ management 
with regard to ensuring good environmental practices. In addition, this crite-
rion reviewed and assessed corporate governance structure and its component 
addressing environmental challenges.
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 • Air and Water Quality: This criterion benchmarks existing standards in the 
country review against other peer countries to determine the quality of the 
country’s processes: How are mining companies mandated to manage water 
bodies on their concessions? The criterion reviews existing blasting standards 
of the country and air quality benchmarks: Are the activities of mining com-
panies in tandem with globally accepted standards?

 • Toxic and Waste Disposal: Waste management is one of the mineral indus-
try’s greatest challenges. For each ounce of mineral produced, several tonnes 
of waste are discharged into the environment. Recent waste management 
disasters have confirmed that even within the same companies, corporations 
discriminate in their waste management practices depending on the host coun-
try’s oversight and focus on toxic and waste disposal. As an example, although 
Shell is noted for encouraging standard practices in its operations globally, it 
has poorly managed its waste and toxic disposal strategy in Nigeria, creating 
one of the worst environmental hazards in the region. Amnesty International 
reports, “In any other country, this would be a national emergency. In Nigeria, 

Table 13.2 Criteria used to build environmental uncertainty and risk model

Risk/Uncertainty Criteria Code

Operational risk/uncertainty Environmental and safety management A
Air and water quality B
Toxic and waste disposal C

Strategic risk/uncertainty Valuation and monitoring D
Corporate social responsibility E

Reporting & compliance risk/
uncertainty

Prevention and control F

Laws and regulations G
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it appears to be standard operating procedure for the oil industry. The human 
cost is horrific—people living with pollution every day of their lives.”32

 • Valuation and Monitoring: This criterion reviews the countrywide mechanism 
for the valuation and monitoring of environmental practices and their impacts: 
How effective are the structures that the country’s regulator has put in place 
to handle issues pertaining to the environment? Are they being implemented 
and monitored effectively? Are the feedback mechanisms, if any, efficient? 
These are the basic areas this criterion addresses to arrive at a peer-to-peer 
benchmark to review how these countries effectively and efficiently monitor 
and evaluate the setting in which mining companies operate.

 • Corporate Social Responsibility: This criterion assesses the culture of social 
contributions of corporations to the communities in which they operate. 
This area has attracted significant debate from researchers and practitioners. 
Although countries such as Australia require mining companies to formalize 
interventions to communities, others such as Canada consider such interven-
tions voluntary and therefore non-binding. This criterion assesses the legal 
requirement of the host country and the existing culture of companies toward 
mining catchment areas.

 • Prevention and Control: This criterion reviews operational procedures for 
activities such as handling explosives, and assesses the regulatory frameworks 
to manage and protect the environment as well as the compliance history of 
various companies. The criterion’s review of mining accidents and disasters 
contributed to analysis of the compliance rate and prevention measures in 
place. To manage incidents and accidents, the criterion also includes response 
framework to control disasters to individually determine the capability of host 
countries prevention and control processes in managing the environment.

 • Laws and Regulations: This final criterion assesses in a matrix all the laws and 
regulations that guide the effects of mining activities with regard to the environ-
ment. This assessment leads to the estimation of the impact and effectiveness of 
initiatives implemented to protect the environment from mineral operations. 
This criterion also considers and factors compliance to these laws and regulations.

The model

We estimate the value each criterion based on the associated benefits and costs 
using the framework developed by Epstein Marc and Adriana Rejc Buhovac.33 The 
framework estimates the value of risk and uncertainty by quantifying the probabil-
ity of each risk and uncertainty criterion as a product of its expected probability of 
occurrence. The framework uses the loss distribution analysis to estimate the cash 
flow at risk from environmental uncertainty. The aggregate value of the environ-
mental risk and uncertainty is incorporated in the real options value of the project.

With the help of Matlab tools, these analyses collectively provide a robust out-
put tool to determine the value of the project. The methodology employed for 
this valuation comprises
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 • a risk-adjusted distribution of gold prices for each year of production obtained 
through simulations;

 • an environmental framework with eight major uncertainties;
 • an environmental model based on the loss distribution analysis;
 • a distribution of risk-adjusted project cash flows across the life of the mine;
 • a net present value distribution analysis of the project; and
 • a risk assessment based on distributions of the economic outcomes.

Hypothetical case study: a gold mining project

We use a hypothetical gold mine to analyze the project value for each country 
scenario, holding constant the same production and cost assumptions for each 
country scenario. The project is brownfield with a ten-year life of the mine. Its 
average output is 550,000 ounces per annum, and the mine managers anticipate 
an all-in sustaining cost of less than $1,000. We use the in-country tax require-
ments in the valuations, and assume market risks such as foreign exchange to 
be negligible.

Discussions

Based on the models developed, we estimate the mean value of each project and 
the cash flow at risk due to environmental risks and uncertainties. Our results 
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Figure 13.3  Framework for estimating value of projects using real options and  
distribution analysis
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show that the country with the highest project value is Tanzania with a value of 
$336 million, albeit with a 5 percent probability of losing $55 million through 
environmental uncertainties and risks. Ghana has the next-highest project value 
with a $298 million mean project value with a 5 percent probability of losing $60 
million of the project value through environmental risks and uncertainty. South 
Africa has the highest environmental risk probability of $62 million and returned 
the least project value, at $267 million. The results are illustrated in Figures 13.4, 
13.5, and 13.6.

Figure 13.4 Tanzania project returned mean value of $336 million

Figure 13.5 Ghana Project returned mean value of $298 million
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Conclusion

While recognizing the differentials in the risk landscape as well as the regulatory 
and institutional structures of the various countries, our analysis and valuation of 
potential mine projects, using the real option model, allow for composite under-
standing and integration of financial and environmental risk in corporate decision 
making with regard to whether to invest in a project. In all cases, however, the 
potential for mining and multinational corporations to contribute to advancing the 
development objectives of their host countries in emerging resource-dependent 
economies depends on their ability to guarantee sustainable operations in the midst 
of price volatility and changing social and environmental uncertainties.

We note that the real option model sidesteps complex sociocultural and politi-
cal factors that affect corporate decisions and on-the-ground mining operations 
in commodity states. Many mining companies in Africa are challenged in their 
ability to gain access to land and other natural resources that they share with local 
communities. Nevertheless, the ability of multinational mining corporations to 
navigate these complexities depends on deploying techniques that allow them to 
comprehensively account for major fiscal and environmental risks in the corporate 
stage-gate decision-making process.

The chapter has focused on integrating the financial and environmental uncer-
tainties faced by gold mining projects into a valuation model using the real options 
approach, Monte Carlo simulations, and the statistical distribution analysis. This 
has enabled us to determine a critical value for investment for the three of the 
major producers of gold in Africa: Ghana, Tanzania, and South Africa. In addi-
tion, the potential environmental risk exposure of a portfolio is singled out to 
determine its economic impact on project cash flows. This will enable companies 
to identify their value metrics, minimize risk, and hence contribute immensely 

Figure 13.6 South Africa project returned mean value of $267 million
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to sustainable and responsible mining. In addition, incorporating environmental 
uncertainties in the investment decision-making process will encourage an inclu-
sive growth in mining communities as well as protect and promote sustainable use 
of our resources, a major ambition set out under SDGs 8 and 15.
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In brief

 • The Copper-Cobalt Belt of the Democratic Republic of the Congo and 
Zambia is one of the most important metallogenic regions in the world. 
In addition, it hosts the world’s richest metallophyte flora.

 • There are more than 600 metallophytes in the Copper-Cobalt Belt, 
including many species unique to the area.

 • The phenomenon of abnormal copper-cobalt accumulation in certain 
plants has been observed since the 1950s in the Copper-Cobalt Belt, with 
more than thirty hyperaccumulator plants identified. Hyperaccumulator 
plants might be useful for important phytotechnologies.

 • There is also a wide range of Excluder-type metallophytes in the 
Copper-Cobalt Belt, especially grasses and sedges, that might be suit-
able for phytostabilization of minerals wastes.

Metallophytes and hyperaccumulator plants

Plants require micronutrients such as copper and cobalt for optimal growth and cell 
metabolism. In high concentrations, however, both these elements can be toxic.1 
A few plant species can grow on metal-enriched, or metalliferous, soils; we refer 
to these plants as metallophytes.2 Facultative metallophytes are often ecotypes of 
weedy plant species that have evolved metal tolerance, and obligate metallophytes 
are restricted to metalliferous soils. In response to excessive concentrations of trace 
elements in the soil (e.g., copper, cobalt, nickel, or zinc) plants might respond by 
excluding, marginally accumulating, or even hyperaccumulating these elements 
in their living tissues.3 The rarest category of metallophytes are hyperaccumula-
tor plants, which accumulate exceptional concentrations of trace elements, such 
as copper and cobalt, in their shoots.4 Approximately 500 plant species have been 
identified to hyperaccumulate arsenic, cadmium, cobalt, copper, manganese, zinc, 
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nickel, lead, thallium, or selenium.5 Compared to the total number of known 
plant species in the world, these hyperaccumulators are rare. The threshold level 
for assigning hyperaccumulator status is a concentration value in the dried leaves 
defined as at least an order of magnitude higher than normal plants, thus the thresh-
old level differs per element.6 For example, the hyperaccumulation criterion for 
nickel is 1,000 ppm (parts per million), for zinc it is 3,000 ppm (0.3 Wt percent 
[percentage by weight]), and for manganese it is 10,000 ppm (1 Wt percent).7

Hyperaccumulation thresholds for copper and cobalt were initially defined at 
1,000 ppm, but that level was revised downward to 300 ppm to better correspond 
to the low concentrations found in most plants.8 More than 95 percent of the 
known copper and cobalt hyperaccumulator species are found in the Copper-
Cobalt Belt of the Democratic Republic of the Congo (DRC) and Zambia, which 
hosts the famous copper flora.9 Extensive research has so far identified thirty-two 
copper-cobalt hyperaccumulators from that region.10

Compared to the number of nickel hyperaccumulator plants (accounting for at 
least 350 of 500 known hyperaccumulator plant species), copper-cobalt hyperac-
cumulators are scarce. This might be because of the lack of a suitable field spot 
test for screening copper and cobalt in plant materials similar to the spot test that 
exist for nickel in the form of dimethylglyoxime-impregnated paper. As a result, 
systematic knowledge of the copper and cobalt concentrations in plant species is 
limited, which hinders a comprehensive understanding of the occurrence of the 
hyperaccumulation phenomenon of these two elements.

Mining industry and environmental legacy in Zambia

The Central African Copper-Cobalt Belt is the largest and highest-grade sediment- 
hosted stratiform copper province in the world; north Zambia accounts for approx-
imately 46 percent of the region’s production and reserves.11 The mining industry 
in this area has been operating for more than a hundred years and has experienced 
significant growth over that time, growth that has come at significant environmen-
tal cost.12 Intense base metal mining and ore processing have resulted in enormous 
pollution, much of it related to the disposal sites for mining and smelting waste that 
includes mine tailings and slags.13 Heavy metal pollution presents a substantial envi-
ronmental threat in Zambia, with health implications for humans and livestock.14 
Not surprisingly, Zambia’s long history as a mining nation has resulted in the 
establishment of numerous historical mining legacy sites that cause environmental 
problems. More than 12,000 hectares of land in Zambia contain mineral waste 
from past mining processes.15 Of those, more than 400 hectares represent more 
than 25 waste rock dumps, 300 hectares are covered with 10 slag dumps, hundreds 
of abandoned mines (Figure 14.1), and 10,000 hectares are covered with 50 tail-
ing dams (Figure 14.2). The land where historic mine sites are found is devoid of 
vegetation cover, and is not available for other important uses such as housing, 
agriculture, or forestry. A lack of vegetation cover on mineral wastes also makes 
these sites prone to erosion and associated environmental problems due to dust 
and run-off contamination. Therefore, establishing a sustainable plant cover is an 
important component of impact minimization.



Figure 14.1  Abandoned mines (such as this water filled open pit) number in the hundreds 
in Zambia

Figure 14.2 Expansive tailings facilities cover thousands of hectares in northern Zambia
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In Zambia, with a distinct short wet season and a long dry season, the wind-blown  
contamination of dust from unrehabilitated tailings storage facilities is a major 
problem (Figure 14.2). Moreover, many (historical) tailings storage facilities with 
sparse vegetation cover are now located in urban and residential areas. The tailings 
materials are, however, not extremely toxic in most cases in Zambia, due to the 
high limestone/dolomite content and hence alkaline pH diminish prevailing metal 
toxicities (i.e., from high total substrate copper/cobalt concentrations). In order to 
establish plants, we need to be able to address the very low nutrient status, high 
salinity, and other physical attributes on these sites (Figure 14.2).

Research on the metallophytes of the Copper-Cobalt  
Belt in Zambia

Research on copper-cobalt metallophytes from the Copper-Cobalt Belt has 
almost exclusively focused on the DRC. The bulk of that research has been by 
the academics of the Université Libre de Bruxelles and the Université de Liège–
Gembloux Agro-Bio Tech. The focus of the research by these teams has been 
mainly on plant taxonomy, vegetation, and conservation (http://copperflora.
org/). Subjects of research include phytostabilization of copper-contaminated soil 
and metallophyte niches.16

Plant collection on Zambian copper sites began in 1911, with the fieldwork 
of R. E. Fries, who collected a new subspecies of Lobelia (L. trullifolia subsp. rho-
desica) on the Bwana Mkubwa mine. Publications about Zambian metallophytes 
then started to appear from 1969 onward with studies on Ocimum centrali-africanum 
(formerly called B. homblei), a species that was used successfully for geobotanical 
prospections for copper in Zambia in the 1950s and 1960s.17 No one has yet com-
piled an exhaustive list of voucher specimens collected on Zambian copper sites; 
reports of concentrations of copper and cobalt in Zambian metallophytes exist, 
but are rare.18

Current state of metallophytes in Zambia

At least sixty-seven copper metalliferous sites have been identified in Zambia, 
but numerous other geological anomalies exist that are not reported in the  
literature.19 In recent fieldwork, we assessed a number of sites (Figure 14.1) cov-
ering a large portion of the Copper-Cobalt Belt region in northern Zambia. We 
conducted fieldwork on Zambian-type anomalies including Bwana Mkubwa and 
Roan Antelope, minerals waste areas near Kitwe and Ndola, and Katangan type 
outcrops of Kansanshi near the town of Solwezi. We collected and identified rep-
resentative plant specimens from the flora at these sites (Figure 14.3 and Appendix 
Table 14.1).

Recent publications have emphasized that many of the unique metallophytes of 
the Copper-Cobalt Belt are under significant threat as a result of widespread min-
ing activities and habitat destruction.20 Action toward conserving the metallophyte 
resource of the Copper-Cobalt Belt is, therefore, imperative. These metallophytes are  
an important asset to the mining industry in the DRC and Zambia. The original 
flora on natural copper-cobalt mineralized sites has been destroyed on all for-
mer mining sites we studied in Zambia (Figure 14.4), including Katangan-type 
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Figure 14.3 Map showing the localities and sites visited during 2014 fieldwork in Zambia

outcrops (e.g., Kansanshi) and Zambian-type anomalies (e.g., Bwana Mkubwa, 
Roan Antelope, Kitwe, and many other sites). It appears that untouched Zambian-
type anomalies still exist in some places, according to local information. It is there-
fore urgent to both identify these sites and collect plant material from them before 
they are mined, and these plants destroyed. A second Katangan-type outcrop exists 
in Zambia at Luamata, west of the Kabompo dome, but no information is available 
about the plant species that occur on this site.21

The vegetation on copper-enriched sites in Zambia

In Zambia the copper ore occurs underground, although it is often shallow buried, 
with a halo of copper near the surface where copper clearings occur in the miombo 
open forest.22 Soils with more than 1,000 ppm copper permit the development 
of shrubby vegetation dominated by perennial species such as Olaxobtusifolia and 
Brachystegia taxifolia. Although this vegetation superficially looks like the copper 
vegetation from the DRC, it is not the same from an ecological point of view. 
Many copper metallophyte species that are characteristic in the DRC are lack-
ing in Zambia. In contrast, the vegetation in Zambia is often marked by toxicity 
symptoms: for example, shrubs like Cryptosepalum have yellow patches that are 
indicative of chlorosis due to copper toxicity.23

Ocimum centraliafricanum, the true copper flower of Zambia, has been used 
widely by geologists for prospecting purposes. We found this species occurring in 
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all but two sites, in thirty copper clearings, over an area from Lusaka to the border 
with the DRC.24 In our field survey, we observed this plant in a miombo open 
forest on a site with 800 ppm of copper in the surface soil. This flower is highly 
copper tolerant and can grow on soils with more than 70,000 ppm copper (7 Wt 
percent), but it displays a typical Excluder-type behavior by accumulating only 324 
ppm copper in the leaves.25

Phytostabilization of minerals wastes using metallophytes

The ability of metallophytes to cope with potentially toxic metal concentrations 
suggests they could be used to rehabilitate minerals wastes.26 If so, the minerals 
industry could introduce plant species that occur naturally on metalliferous soils to 
rehabilitate sites economically. The pioneering work of Anthony Bradshaw on the 
revegetation of mineral wastes with metal-tolerant grasses has demonstrated that 
metallophytes can be used to revegetate large areas of mineral wastes, without the 
need to intensely ameliorate the substrate conditions.27 When metallophytes estab-
lish, they can stabilize mineral wastes and thereby provide improved conditions 
for natural succession by other plant species. In seasonally dry environments like 
Zambia, selected plant species need to be not only metal tolerant but also drought 
resistant. The addition of some soil amendments, such as organic matter (compost) 

Figure 14.4  Artisanal mining activities are common on minerals wastes throughout 
northern Zambia
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and nutrients (nitrogen, phosphorus, and potassium) often substantially enhances 
the establishment and growth of plants on minerals wastes such as tailings.28  
Several researchers have studied this issue: Leteinturier, Baker, and Malaisse have 
described a typology of the mining workings and metalliferous pollutions during 
precolonial, early colonial, and recent periods.29 Short and Milton, and Leteinturier 
discuss aspects of phytostabilization of copper wastes in Zambia in an audit and a 
thesis, respectively.30

Potential for phytomining on minerals wastes using 
hyperaccumulator plants

Hyperaccumulator species can be used to extract metallic elements from minerals 
wastes or sub-economic ore bodies.31 As such, growing hyperaccumulator plants 
on an agricultural scale with subsequent harvesting and biomass incineration gener-
ates a metal-rich product termed bio-ore.32 Extensive trials have been undertaken 
for nickel phytomining around the world, which demonstrated yields up to 200 
kilograms of nickel metal per hectare per year.33 The technology for nickel is now 
reasonably well established and understood, but the application to other metals 
remains largely untested. Phytomining, in principle, could be used to produce met-
als such as copper, cobalt, manganese, nickel, and zinc, because hyperaccumula-
tor plants are known for all of these elements.34 Economic feasibility ultimately 
depends on the element market price, the annual yield per unit area of biomass and 
the target element, and the availability of surface areas enriched in this element.35 
The metal value of elements such as copper, manganese, and zinc are low, and 
hence phytomining is unlikely to be economical. However, phytomining, or rather 
phytoextraction, could be undertaken as part of a remediation exercise on tailings 
in which the value does not lie in the metal obtained, but in the soil and miner-
als wastes cleaned up. The metal value of cobalt is, however, sufficient to warrant 
further work on the viability of cobalt phytomining.

During our fieldwork we confirmed other researchers’ findings that many tail-
ings in north Zambia, especially those of older mining activities, have relatively 
high cobalt concentrations (500–1,000 ppm).36 Many oxide-type surficial depos-
its that are below cut-off grade for conventional mining could also be high in 
cobalt. Local communities might undertake phytomining on such substrates to 
create an additional income stream farming metals.37 The plant species with the 
highest potential to be used as the cobalt-metal crop is Haumaniastrum katangense 
(Lamiaceae), which is widespread in the Copper-Cobalt Belt, both in the DRC 
and in Zambia. It can accumulate up to 10,200 ppm (1.2 Wt percent) cobalt in its 
leaves in the field, although it accumulates lower concentrations in lab cultures for 
reasons not completely understood.38 This annual plant produces copious amounts 
of seeds and is well adapted to the local climatic conditions. It probably could be 
grown on cobalt-rich minerals waste to extract residual cobalt. The phytomining 
process would entail starting seeds in a nursery, transplanting seedlings to a tail-
ings facility, harvesting biomass at the end of the growth season, and drying and 
incinerating the biomass to produce an ash bio-ore. This process is theoretical: 
demonstrations are needed to provide real-life evidence of the process before the 
mining industry undertakes it.
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Advanced scientific methods to understand 
hyperaccumulator plants

Almost all reports of abnormal accumulation of copper-cobalt in certain plants 
from the Copper-Cobalt Belt since the 1950s were from bulk analysis techniques 
such as AA (atomic absorption) or ICP (inductively coupled plasma). A study in 
2007 on plant material from the DRC has shown that earlier plant analyses were 
done on contaminated material and that the number of copper-cobalt hyperac-
cumulators might be more limited than initially reported.39 Preliminary identi-
fication of copper-cobalt hyperaccumulating plants during field studies is not as 
easy as it is for nickel, where dimethylglyoxime-impregnated paper allows fast 
screening in the field. Field analysis using a portable XRF instrument is very use-
ful, although such results have to be treated as qualitative rather than quantitative 
due to technical restrictions in instrument calibration and geometry of analysis 
(Appendix Table 14.2).

To clearly define whether a particular plant meets hyperaccumulator criteria 
requires advanced laboratory methods to provide unambiguous quantitative infor-
mation on the concentration of copper and cobalt in bulk volume of particular plant 
parts, and elemental distribution in tissues and cells. Such data allow us to explain 
how hyperaccumulating plants uptake, transport, and store potentially toxic levels 
of copper and cobalt. Relatively popular chemical methods such as AA, ICP-AES 
(inductively coupled plasma–atomic emission spectroscopy), or ICP-MS (induc-
tively coupled plasma–mass spectrometry) are currently the methods of choice for 
determining bulk values. Further studies require one or more of the following 
microanalytical methods: histochemical techniques; autoradiography; LA-ICP-MS 
(laser ablation–inductively coupled plasma–mass spectrometry); SIMS (secondary 
ion mass spectrometry); SEM (scanning electron microscopy) and TEM (trans-
mission electron microscopy) combined with EDS (and energy dispersive x-ray 
spectroscopy); PIXE (particle induced x-ray emission); and various synchrotron 
techniques such as X-ray fluorescence spectroscopy, differential absorption tomog-
raphy, fluorescence tomography or XAS (X-ray absorption spectroscopy).40

It is far more difficult to collect and prepare specimens for microanalytical studies 
than to evaluate whole plant tissue concentration levels, however. Proper specimen 
sampling and subsequent procedures and preparations are crucial parts of microa-
nalysis; only cryotechniques are recommended. The aim of specimen preparation 
in these analyses is the preservation of elemental distribution as close as possible to 
its native (in vivo) state. This requirement applies to all microanalytical techniques.

When plants are growing in a laboratory, proper fast cryofixation does not 
present a problem, but preservation of living plant status when collecting plant 
material in the field is a challenge. There are two options that have been applied 
successfully: (1) collecting whole plants with soil in pots from the metalliferous 
outcrops and rapid transport to a properly equipped cryopreparation laboratory; 
or (2) freezing specimens in the field using metal-mirror cryofixation method and 
transport to laboratory in a cryoshipper, at liquid nitrogen temperature.41

The first elemental microanalysis done on a copper and cobalt hyperaccumulat-
ing plant from the Copper-Cobalt Belt—Haumaniastrum robertii—was performed 
with the use of the proton microprobe using the PIXE method.42 There have been 
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few reports on copper and/or cobalt elemental distribution and/or speciation in 
hyperaccumulating since that initial report.43

Conservation of metallophytes in Zambia

The restriction of metallophytes to localized copper-cobalt mineralized outcrops, 
which are mining targets, means that they are acutely threatened.44 Natural cop-
per outcrops, or copper clearings, once existed in Zambia, for example at Roan 
Antelope (Figure 14.5), but are now destroyed due to mining activities. New 
copper-cobalt deposits are most likely to be found in the more remote areas of the 
north-west province of Zambia near the border with the DRC. The International 
Council on Mining and Metals (ICMM) Sustainable Development Framework 
specifically acknowledges:

Local extinctions can be caused by any sectoral activity, but there is one group 
of plants that is likely to go extinct as a result of mining activity alone— 
metallophytes. Mining activities can easily obliterate them, resulting in the loss 
of a potentially valuable resource.45

Recent fieldwork revealed that the high rates of human-induced disturbances 
due to industrial mining has led to major losses in the metallophytes and hyper-
accumulator plant diversity in Zambia. For example, Cheilanthes perlanata var. 
perlanata observed in 2001 at Kansanshi has since disappeared.46 This species was 

Figure 14.5 Copper clearing at Roan Antelope before mining activities commenced

Source: Image reproduced from Duvigneaud and Denayer-De Smet (1963)
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formerly recorded on ten sites, and the two Katangan sites are now destroyed. 
The subsequent artisanal mining activities (Figure 14.4) have without doubt 
resulted in further loss of the plant populations that once thrived under the local 
ecological settings.#

Outlook and future opportunities

The concomitant occurrence of copper-cobalt hyperaccumulator plants and large 
areas with metal-enriched and metal-contaminated soils makes a compelling case for 
developing phytotechnologies in Zambia. In addition, the minerals industry could 
manage copper-cobalt metallophytes originating from naturally mineralized areas to 
actively colonize industrial minerals wastes and mined-out areas, thereby establishing 
vegetative cover as part of their rehabilitation strategy. It is essential that systematic 
screening and cataloguing of metallophytes take place in remaining habitats, especially 
in the remote north-west province. Local knowledge is indispensable for the identi-
fication of metallophytes, and is vital to assess priorities for those most under threat.47

Acknowledgments

The authors would like to acknowledge the financial support from the International 
Mining for Development Centre (IM4DC) that made this project possible.

Appendix

Appendix Table 14.1  Preliminary identifications of collected herbarium specimens from  
the sites

Voucher Refer. Site Family Name

 1 28A Ushi dam, west 
Aka 16ft bridge

Orobanchaceae Alectra sessiliflora (Vahl) 
Kuntze

 2 28A Ushi dam, west 
Aka 16ft bridge

Campanulaceae Lobelia erinus L.

 3 28A Ushi dam, west 
Aka 16ft bridge

Polygonaceae Persicaria capitata (Buch.-Ham. 
ex D. Don) H.Gross

 4 28A Ushi dam, west 
Aka 16ft bridge

Asteraceae Anisoppapus chinensis (L.) 
Hook & Arn. subsp. 
chinensis

 5 28A Ushi dam, west 
Aka 16ft bridge

Convolvulaceae Ipomoea petitiana 
Lejoly&Lisowski

 7 28B Ushi dam, west 
Aka, stream

Pteridaceae Pteris vittata L.

 8 28B Ushi dam, west 
Aka, stream

Asteraceae Conyza pyrhopappa A.Rich.

 9 28B Ushi dam, west 
Aka, stream

Portulacaceae Portulacca oleracea L.

(continued)



 10 28B Ushi dam, west 
Aka, stream

Cyperaceae Cyperus dives Delile

 11 28B Ushi dam, west 
Aka, stream

Amaranthaceae Celosia trigynaL.

 12 28C Uchi east, tailing Polygonaceae Oxygonum sinuatum (Hochst. 
&Steud. ex Meissn.) 
Dammer

 13 28C Uchi east, tailing Poaceae Setaria sp.
 14 28C Uchi east, tailing Poaceae Loudetias sp.1
 15 28C Uchi east, tailing Poaceae Loudetias sp.2
 18 28C Uchi east, tailing Poaceae Cymbopogon densiflorus 

(Steud.) Stapf
 19 28C Uchi east, tailing Poaceae Hyparrhenias sp.
 20 28C Uchi east, tailing Cyperaceae Bulbostyliss sp.
 22 28C Uchi east, tailing Amaranthaceae Celosia trigyna L.
 25 29E Bwana Mkubwa, 

Rompod mine
Cyperaceae Bulbostylis pseudoperennis 

Goetgh.
 26 29E Bwana Mkubwa, 

Rompod mine
Convolvulaceae Ipomoea cairica (L.) Sweet var. 

cairica
 27 29E Bwana Mkubwa, 

Rompod mine
Convolvulaceae Ipomoea obscura (L.) Ker-Gawl.

 28 29E Bwana Mkubwa, 
Rompod mine

Convolvulaceae Ipomoea sp.1

 29 29E Bwana Mkubwa, 
Rompod mine

Asteraceae Tridaxprocumbens L.

 30 29E Bwana Mkubwa, 
Rompod mine

Asteraceae Pseudognaphalium luteo-album 
(L.) Hilliard & Burtt

 31 29E Bwana Mkubwa, 
Rompod mine

Ochnaceae Brackenridgea arenaria (De 
Wild. & T. Durand) N. 
Robson

 32 29E Bwana Mkubwa, 
Rompod mine

Fabaceae Tephrosia bracteolata Guill. 
& Pers. var. strigulosa 
Brummitt

 33 29E Bwana Mkubwa, 
Rompod mine

Boraginaceae Trichodesma zeylanicum 
(Burm.) R. Br.

 34 29E Bwana Mkubwa, 
Rompod mine

Poaceae Arthraxon micans (Nees) 
Hochst.

 35 29E Bwana Mkubwa, 
Rompod mine

Tiliaceae Triumfetta dekindtiana Engl.

 38 29F Old concentrator, 
facing station

Pteridaceae Pityrogramma calomelanos 
(Sw.) Link var. aureoflava 
(Hook.) Weath. ex Bailey

 39 29F Old concentrator, 
facing station

Phormidiaceae Porphyrosiphon notarsii Kütz. 
ex Gomont

Appendix Table 14.1 (continued)

Voucher Refer. Site Family Name



 41 29F Old concentrator, 
facing station

Apiaceae Diplolophium sp.

 42 29G Mine pit summit Asteraceae Vernonia sp.
 43 29G Mine pit summit Fabaceae Rhynchosia hirta (Andr.) 

Meikle & Verdc.
 44 29G Mine pit summit Anacardiaceae Rhus sp.
 46 29G Mine pit summit Asteraceae Vernonia sp. 2
 47 29G Mine pit summit Rubiaceae cf. Spermacoce
 49 30H South-east dome Lamiaceae Ocimum centrali-africanum R. 

E. Fries
 51 30H South-east dome Orobanchaceae Buchnera henriquesii Engl.
 52 30H South-east dome Rubiaceae Fadogia cienkowski Schweinf.
 53 30H South-east dome Tiliaceae Triumfetta digitata (Oliv.) 

Sprague & Hutch.
 54 30H South-east dome Annonaceae Annonastenophylla Engl. & 

Dielssub sp. nana (Exell) 
N.Robson

 55 30H South-east dome Fabaceae Erisosema engleriana Harms
 56 30H South-east dome Commelinaceae Cyanotis sp.
 57 31I Miombo to pit Euphorbiaceae Acalypha sp. 1
 58 31I Miombo to pit Lamiaceae Becium sp.
 60 31I Miombo to pit Cucurbitaceae Trochomeria macrocarpa (Sond.) 

Hook.
 61 31I Miombo to pit Aristolochiaceae Aristolochia heppii Merxm.
 80 31I Miombo to pit Malavaceae Hibiscus rhodanthus Gürke
 86 3L Mwekera Passifloraceae Adenialobata (Jacq.) subsp. 

rumicifolia (Engl. & Harms) 
Lye

 87 3L Mwekera Asparagaceae Asparagus africanus Lam. var. 
africanus

 88 3L Mwekera Vitaceae Cyphostemma sp.
 89 3L Mwekera Rubiaceae Fadogia cienkowski Schweinf.
 90 3L Mwekera Fabaceae Albizia adianthifolia 

(Schumach.) W. Wight
 91 3L Mwekera Smilacaceae Smilax anceps Willd.
 92 3L Mwekera Campanulaceae Wahlenbergia sp.
 93 3L Mwekera Passifloraceae Adenia gummifera (Harv.) 

Harms var. gummifera
 94 3L Mwekera Commelinaceae Commelina sp.
 95 3L Mwekera Convolvulaceae Ipomoea sp.
 96 3L Mwekera Cucurbitaceae Trochomeria macrocarpa (Sond.) 

Hook.
 97 3L Mwekera Loganiaceae Strychnos spinosa Lam.
 99 3L Mwekera Acanthaceae Thunbergia sp.
101 3L Mwekera Commelinaceae Cyanotis sp.

(continued)



102 3L Mwekera Fabaceae Tephrosia sp.
137 4A Bwana Mkubwa Lauraceae Cassytha filiformis L.
140 4A Bwana Mkubwa Vitaceae Cyphostemmas p. 2
141 4A Bwana Mkubwa Vitaceae Cyphostemmas p. 3
142 4A Bwana Mkubwa Amaranthaceae Celosia trigyna L.
143 4A Bwana Mkubwa Convolvulaceae Ipomoea cairica (L.) Sweet var. 

cairica
144 4A Bwana Mkubwa Asteraceae Ageratum conyzoides L.
147 4A Bwana Mkubwa Adiantaceae Pityrogramma calomelanos 

(Sw.) Link. var. aureoflava 
(Hook.) Weath. ex Bailey

149 4B Bwana Mkubwa Typhaceae Typha domingensis Pers.
150 4B Bwana Mkubwa Poaceae Phragmites mauritianus Kunth
153 4B Bwana Mkubwa Polygonaceae Persicaria capitata (Buch.-Ham. 

ex D. Don) H.Gross
154 4B Bwana Mkubwa Asteraceae Pseudognaphalium luteo-album 

(L.) Hilliard &Burtt
107 4B Bwana Mkubwa Vitaceae Cyphostemma sp. 1
108 4B Bwana Mkubwa Convolvulaceae Ipomoea sp. 5
109 4B Bwana Mkubwa Solanaceae Nicandra physaloides (L.) 

Gaertn.
110 4B Bwana Mkubwa Poaceae Digitaria sp.
112 4B Bwana Mkubwa Adiantaceae Pityrogramma calomelanos 

(Sw.) Link. var. aureoflava 
(Hook.) Weath. ex Bailey

114 4B Bwana Mkubwa Anacardiaceae Rhus sp.
124 4L Bwana Mkubwa Convolvulaceae Ipomoea obscura (L.) 

Ker.-Gawl.
126 4L Bwana Mkubwa Tiliaceae Grewia sp. 1
133 4L Bwana Mkubwa Myrtaceae Psidium guajava L.
158 5M Roan Antelope 

shaft 14 (a)
Cyperaceae Bulbostylis pseudoperennis 

Goetgh.
159 5M Roan Antelope 

shaft 14 (a)
Phormidiaceae Porphyrosiphon notarsii Kütz ex 

Gomont
160 5M Roan Antelope 

shaft 14 (b)
Lauraceae Cassytha filiformis L.

164 5M Roan Antelope 
shaft 14 (c)

Asteraceae Tridax procumbens L.

165 5M Roan Antelope 
shaft 14 (c)

Fabaceae Crotalaria sp. 4

166 5M Roan Antelope 
shaft 14 (c)

Convolvulaceae Ipomoea cairica (L.) Sweet var. 
cairica

167 5M Roan Antelope 
shaft 14 (c)

Phyllanthaceae Phyllanthus sp.

Appendix Table 14.1 (continued)

Voucher Refer. Site Family Name



168 5M Roan Antelope 
shaft 14 (c)

Amaranthaceae Celosia trigyna L.

169 5M Roan Antelope 
shaft 14 (c)

Asteraceae Pseudognaphalium luteo-album 
(L.) Hilliard &Burtt

173 5M Roan Antelope 
shaft 14 (d)

Asteraceae Genus 1

174 5N Roan Antelope 
wet site

Typhaceae Typha australis K.Schum. & 
Thon.

175 5N Roan Antelope 
wet site

Onagraceae Ludwigia leptocarpa (Nutt.) H. 
Hara

176 5N Roan Antelope 
wet site

Polygonaceae Polygonum sp. 1

177 5N Roan Antelope 
wet site

Lauraceae Cassytha filiformis L.

180 5N Roan Antelope 
wet site

Poaceae Typha australis K.Schum. & 
Thon.

181 5N Roan Antelope 
wet site

Orobanchaceae Alectra sessiliflora (Vahl) 
Kuntze

182 5N Roan Antelope 
wet site

Polygonaceae Polygonum sp. 2

183 5N Roan Antelope 
wet site

Cyperaceae Cyperus dives Delile

Appendix Table 14.2 Preliminary plant material analytical results from XRF measurements

Refer. Family Name As Co Cu Se Zn

28A Orobanchaceae Alectra sessiliflora  <LOD  <LOD ++  <LOD ++
28A Asteraceae Anisoppapus chinensis 

sub sp. chinensis
 <LOD ++ ++  <LOD ++

28A Convolvulaceae Ipomoea sp.  <LOD  <LOD ++  <LOD ++
28A Polygonaceae Persicaria capitata  <LOD  <LOD +++  <LOD ++
28B Amaranthaceae Celosia trigyna  <LOD +++ ++  <LOD ++
28B Asteraceae Conyza pyrhopappa  <LOD ++ +++  <LOD ++
28B Cyperaceae Cyperus dives  <LOD  <LOD ++ ++ ++
28B Portulacaceae Portulacca sp.  <LOD  <LOD +  <LOD +
28B Pteridaceae Pteris vittata ++  <LOD ++  <LOD +
28C Amaranthaceae Celosia sp.  <LOD  <LOD ++  <LOD  <LOD
28C Poaceae Loudetia sp.2  <LOD  <LOD ++ +  <LOD
28C Polygonaceae Persicaria sp.  <LOD ++ ++ + +
28C Asteraceae Pseudognaphalium 

luteo-album
 <LOD  <LOD +++  <LOD ++

29E Convolvulaceae Ipomoea cairica var. 
cairica

 <LOD  <LOD ++  <LOD +

29E Convolvulaceae Ipomoea sp.1  <LOD  <LOD ++  <LOD +
29E Convolvulaceae Ipomoea sp.1  <LOD  <LOD +++  <LOD +
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Refer. Family Name As Co Cu Se Zn

29E Ochnaceae Ochna sp.  <LOD  <LOD ++  <LOD +
29E Asteraceae Pseudognaphalium 

luteo-album
 <LOD  <LOD ++  <LOD ++

29E Fabaceae Tephrosia sp.  <LOD  <LOD ++  <LOD ++
29E Boraginaceae Trichodesma sp.  <LOD  <LOD ++  <LOD +
29E Asteraceae Tridax procumbens  <LOD  <LOD ++  <LOD ++
29F Apiceae cf. Diplolophium sp.  <LOD  <LOD +++  <LOD ++
29F Pteridaceae Pityrogramma 

calomelanos var. 
aureoflava

+  <LOD ++  <LOD ++

29G Fabaceae Abrus sp.  <LOD + ++  <LOD ++
29G Rubiaceae cf. Spermacoce  <LOD  <LOD ++  <LOD ++
29G Anacardiaceae Rhus sp.  <LOD  <LOD ++  <LOD +
29G Asteraceae Vernonia sp. 1  <LOD  <LOD ++ + ++
29G Asteraceae Vernonia sp. 2  <LOD  <LOD ++  <LOD ++
30H Annonaceae Annona stenophylla 

sub sp. nana
 <LOD  <LOD ++  <LOD +

30H Lamiaceae Ocimum 
centrali-africanum

 <LOD  <LOD ++  <LOD +

30H Orobanchaceae Buchnera henriquesii  <LOD  <LOD ++  <LOD +
30H Commelinaceae Cyanotis sp.  <LOD  <LOD ++  <LOD +
30H Fabaceae Erisosema engleriana  <LOD  <LOD ++  <LOD ++
30H Rubiaceae Fadogia cienkowski  <LOD  <LOD ++  <LOD +
30H Tiliaceae Triumfetta digitata  <LOD  <LOD ++  <LOD +
31I Euphorbiaceae Acalypha sp. 1  <LOD  <LOD ++  <LOD ++
31I Euphorbiaceae Acalypha sp. 1  <LOD  <LOD ++  <LOD +
31I Euphorbiaceae Acalypha sp. 1  <LOD  <LOD ++  <LOD +
31I Aristolochiaceae Aristolochia heppii  <LOD  <LOD ++  <LOD ++
31I Lamiaceae Becium sp.  <LOD  <LOD ++  <LOD ++
31I Fabaceae Crotalaria sp.  <LOD  <LOD ++  <LOD +
31I Malavaceae Hibiscus rhodanthus  <LOD  <LOD ++  <LOD ++
31I Fabaceae Indigofera sp.  <LOD  <LOD ++  <LOD +
31I Cucurbitaceae Trochomeria macrocarpa  <LOD  <LOD ++  <LOD +

Note: As = arsenic; Co = cobalt; Cu = copper; Se = selenium; Zn = zinc

Preliminary plant material analytical results from XRF measurements (semi-quantitative results as either 
+, ++ o r +++ to denote relative concentrations). None of the plants recorded are hyperaccumulators 
of either As, Co, Cu, Se, or Zn. <LOD is below instrument Limit of Detection which corresponds to 
approximately 50 ppm for most transition elements, such as copper (Cu) and cobalt (Co)
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15 Field vignette
South Africa’s underground women miners

Asanda Benya

Women’s inclusion in South African mines, particularly in underground occu-
pations, is a relatively new phenomenon, dating back to the early 2000s. Prior to 
that, legislation such as the 1911 Mines and Works Act No. 12 prohibited women 
from doing mine work. It categorically stated that “No person shall employ 
underground on any mine a boy apparently under the age of sixteen years or any 
female.”1 Internationally, Article 2 of the International Labour Organisation’s (ILO) 
Convention 45 of 1935 reinforced this exclusion stating that “No female, whatever 
her age, shall be employed on underground work in any mine.” Only females who 
occasionally went underground in non-manual occupations were exempted from 
this exclusion. More recently, the South African Minerals Act of 1991 also banned 
women from working underground.2

Since South Africa’s transition to democracy in 1994, the prohibitive laws men-
tioned above have been repealed and replaced by the Mine Health and Safety Act 
of 1996 and the Mineral and Petroleum Resources Development Act (MPRDA) 
of 2002, thus opening underground occupations to women. Currently, South 
African mines have over 1.3 million employees and of these employees 52,000 
(10.9 percent) are women.

The legislative shifts and increase in numbers of women in underground occu-
pations since 2004 does not, however, mean that women’s inclusion in mining 
has been easy. It has been received with both enthusiasm and hostility, precisely 
because on one hand it signifies a victory for women, but on another hand, it chal-
lenges the masculine occupational culture and “gender regimes” in mining.

Why then do women choose to work in the mines? The latest unemployment 
rate in South Africa when using the expanded definition, which includes people 
of working age who have stopped looking for work, is 35.6 percent. This rate is 
higher for young people and women. This means employment choices for women 
are limited. Most women reported that they could either work in the mines, or 
work as casual workers in retail, or as security guards with long working hours 
and pitiful wages, or be unemployed. Additionally, in platinum mining regions, 
Statistics South Africa reported that mines are the main employment providers, 
hence they become the first option for women. Unlike precarious part-time jobs, 
mines, women argued, usually hire them on a full-time basis with employment 
benefits such as the medical aid, maternity leave, pension/provident fund etc. 
By working in local mines instead of migrating to big cities like their parents did 
during apartheid, they can continue living and raising their children. Local mines, 
therefore, were their most practical option.
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If women’s inclusion in mining has not been easy, what challenges do they 
face? Just like men, women have to undergo several screening tests, such as the 
heat tolerance screening (HTS) and a medical examination, before they get slotted 
into mining jobs.3 The HTS is a thirty minutes strenuous exercise which tests one’s 
ability to withstand hot and humid conditions while doing physically demanding 
work. Women tend to complete this test with a body temperature that is higher 
than allowed thus a fail and are not hired. Those who pass the tests are hired, 
trained, and allocated jobs underground, mainly in entry level positions. The top 
structures in the mining hierarchy are still dominated by men and women are 
largely concentrated in low status entry level jobs.

While men live in hostels, women are not provided with accommodation. 
They are “encouraged” to live with their families because those in power believe 
that women are first obligated to their families. With their policies and proce-
dures, hidden in protectionist discourse, they reinforce ideas about women and 
domesticity. With most women living far from work and with their families, to 
get to work on time for their shifts which sometimes start as early as four thirty 
in the morning, they have to leave home at early hours, walk long distances to 
bus stops, take public transport to work to make it on time for their shifts. This is 
not only a long, dangerous journey, but it is also expensive taking between 30–40 
percent of their wages.4

Since they live with their families, unlike their male colleagues, that means they 
do not work only one shift but two and three shifts; first at home, then at work, 
and sometimes in their communities and their churches. With all the these “shifts” 
to do, by the time they get to work they are tired. Daily they have to choose 
between doing house chores, caring for their children or sleeping, and most choose 
the former. Others, however, relegate housework and child care to female rela-
tives or outsource it to crèches and thus maintain a healthy balance between these 
responsibilities. Others, as noted above, wade the world of work sleep deprived and 
fatigued. At work, however, the sleep deprivation and fatigue are read as laziness. 
These women are seen as less productive and less committed than their male coun-
terparts. While there are women who can do mine work, who are as productive as 
men, stereotypes about women’s bodies as “naturally” unfit for mine work remain 
pervasive and on those grounds, they face hostility from males who see women in 
mining as an anomaly and as taking jobs from men.

Studies show that “fortunes” from minerals hardly trickle down to those who 
dig and are at the rock face, women are further down on this marginalization scale. 
While legislatively women in South Africa have been included in the mines, struc-
turally the challenges they face render them outsiders.

Notes

1 P. Alexander, “Women and Coal Mining in India and South Africa, c1900–1940,” African 
Studies 66:2–3 (2007): 201–222.

2 K. B. Simango, “An Investigation of the Factors Contributing to Failure of Heat Tolerance 
Screening by Women at Impala Platinum” (Unpublished Master’s dissertation, The Da 
Vinci Institute for Technology Management, 2006).

3 Ibid.
4 Asanda Benya, “Gendered Labour: A Challenge to Labour as a Democratizing Force,” 

Rethinking Development and Inequality 2 (special issue, 2013): 47–62.



16 Field vignette
Sapphire mining, water, and maternal  
health in Madagascar

Lynda Lawson

Before mining the river water was so clear you could see a needle in it—now I have three worms.
(Woman from Ilakaka south western Madagascar)

The above comments illustrate the close relationship between unregulated artisanal 
mining, water, and the health of a community. Some twenty years ago sapphires 
were discovered in south-west Madagascar near Ilakaka. Ilakaka with its formally 
crystal-clear stream had always been a favorite stop on the Route Nationale Sept, 
the highway that takes travelers from the capital of Antananarivo to the south. This 
tiny hamlet and its river was transformed by an influx of many thousands of miners 
in a just a few months and the rush continued along streams and river beds and the 
alluvial plains across the south-west around Sakaraha. At every stage of the sap-
phire rush—from the initial influx during the rush period to the quiet abandoned 
sites, women and their children are present: many are in the water sieving and 
washing gravel, others are providing services and, in some cases, selling the smaller 
stones. My research has investigated the impact of this activity on the daily lives of 
women. Detailed life histories were elicited from more than twenty women and 
each time the centrality of water in their work and health was evident.

In south-west Madagascar most sapphires are recovered from alluvial gravel 
deposits in ancient river beds. These are reached by underground tunnels and 
mostly by young male miners. The gem bearing gravel is transported—either by 
hand or in a cart or truck from the mine to a source of water, usually the river 
where the gravel is sieved. Women panning for gold are also present but to date 
there is no evidence of the use of mercury. Although no chemicals are used in the 
either gold panning or sapphire sieving, there are high levels of water turbidity 
from years of disturbance both to the river bed and further upstream where some 
are using light machinery for dredging and digging, generating large amounts of 
tailings. This can have devastating consequences for agriculture such as in 2016 
when heavy rains flooded tailings onto rice fields and duck farms.

In the absence of any toilets or washing facilities, the river is used for all sanita-
tion and most drinking water.

Siveran (Sieving)



Field vignette 231

Siveran involves washing the stones and shaking them in a sieve to locate  
sapphires which are heavier and are therefore found under the gravel. It is often 
done by women and children. Women may be sieving fresh gravel that has been 
brought down to the river from the quarries, but men usually have the first turn 
at this then women will dig up the tailings in the river bed and sieve again—this 
is called tay siva—“pooh mining.” Sieving is best in the bright morning light 
making it easier to identify the stones, women typically work in the water from 
seven to three o’clock. Children help their mother with spotting sapphires. 
The sieves are made of solid wood that is usually water logged, they are heavy 
and the action of moving the stones back and forth in the water takes strength  
and skill.

Water and sapphire mining health impacts

We are sick because as you see, we stay in the water all day and the water gets inside our 
bodies, but we have no choice because if we find a sapphire, it can make a life.

We are extremely exhausted, if you work too hard we have back aches and bloody 
stools.1

In almost all interviews, when women were asked about water and their health, 
they reported stomach pains, intestinal problems, back aches, severe skin irritation, 
and worms. Many women reported miscarriages and losing children or young 

Figure 16.1 South-west Madagascar, children accompany their family to the river to sieve.

Photo: Lynda Lawson
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relatives to fever and malaria. The local doctor confirmed that women suffer from 
a wide range of illnesses especially urinary tract and genital infections.

All people on site are sick they drink water from the river we have stomach aches and it 
makes bloody stools.

Sapphires are found in remote areas without infrastructure. There are few wells 
and women and children are forced to drink from the river; they cannot boil 
the water but try to drink the clear water from the top not the red muddy  
water below.

Despite considerable mineral wealth in these mining areas and the many thou-
sands of informal miners working there, local government struggles to regulate the 
sector in any way. Infrastructure for water and sanitation is almost non-existent and 
the intensity of the mining activity is impacting streams and river and community 
health. Water is at the heart of the survival of these communities and women and 
children are often those primarily responsible for the collection and use of water. 
They are thus directly impacted by the negative impacts of resource extraction on 
water quality. It is thus vital to consult with and strengthen women’s participation 
in water management.

Figure 16.2 Women digging gravel from the river bed to sieve for sapphire.

Photo: Lynda Lawson
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Figure 16.3 Mother and child sieving for sapphires in south-west Madagascar

Photo: Lynda Lawson

Note

1 These comments come from women sapphire sievers at Ankaboke near Sakaraha, December 
4, 2015.
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17 Strategies for working with  
artisanal and small-scale miners  
in sub-Saharan Africa

Nina Collins and Lynda Lawson

In brief

 • Despite its importance as an economic activity and livelihood strategy in 
sub-Saharan Africa, artisanal and small-scale mining (ASM) is associ-
ated with many negative social, environmental and health impacts, and 
presents particular sustainable development challenges.

 • Numerous universities, NGOs, associations, companies, and govern-
ments are working to resolve the many challenges created by ASM. 
These challenges include lack of formalization and regulation, poor 
environmental practices, health and safety risks, child and forced labor, 
inequitable distribution of benefits, security issues, and conflicts with 
large-scale mining, among many others.

 • This chapter documents approaches to working with the ASM sector in 
sub-Saharan Africa to promote economic development, effective gov-
ernance, protection and rehabilitation of the environment, and health 
and safety.

 • The study draws primarily on an analysis of work plans focused on ASM 
developed by officials from developing countries who undertook capacity- 
building courses sponsored by the Australian Government through 
its Australia Awards program and the former International Mining for 
Development Centre. It also draws on interviews with key stakeholders 
in the ASM sector and is supplemented by a literature review.

Introduction

Artisanal and small-scale mining (ASM) represents a spectrum of mining activi-
ties ranging from individuals or small groups panning for gold or precious stones 
along riverbanks, to relatively large and organized operations involving excava-
tors and mechanized plants.1 In the literature and legislation, ASM is distinguished 
from industrial or large-scale mining by factors such as a low level of production; 
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relatively low degree of mechanization or technological development; a high 
degree of labor intensity; poor occupational health, safety, and environment condi-
tions; lack of long-term planning; and little capital investment.2 The types of min-
erals extracted by ASM in Africa range from high-value metals such as gold, coltan 
(columbite-tantalite), tungsten (wolframite), and tin (cassiterite); other metallic 
minerals such as copper, cobalt, and lead; precious and semiprecious stones such 
as diamonds, sapphires, emeralds, and other gemstones; and lower-value industrial 
and construction minerals such as limestone, marble, kaolin, clay, granites, sand, 
and salt.3 Approximately 18 percent of Africa’s gold and a high percentage of 
Africa’s gemstones are produced by ASM.4

Scholars and international development institutions now widely agree that 
ASM is largely a poverty-driven activity.5 It is significant that countries with a low 
Human Development Index have a high proportion of their population engaged in 
ASM.6 While there has been no census of ASM activity across sub-Saharan Africa, 
in 2014 Hilson and McQuilken estimated that there were tens of millions of ASM 
miners, with at least 13 million in West Africa alone. Many more are involved in 
linked activities across the supply chain, such as in service activities.7 The percent-
age of female artisanal miners in Africa exceeds the global average and is estimated 
to be 40–50 percent of the workforce and up to 75 percent of ASM workforce in 
countries like Guinea.8 ASM activities are increasing due to a number of factors, 
including growing economic crises leading to unemployment, and natural and 
manmade disasters leading to decreased rural livelihood choices.

Despite its importance as an economic activity and livelihood strategy in sub-
Saharan Africa, ASM is associated with many negative social, environmental, 
and health impacts, and presents particular sustainable development challenges. 
Numerous universities, NGOs, associations, companies and governments are 
working to resolve the many challenges created by ASM. These challenges include 
lack of formalization and regulation, poor environmental practices, health and 
safety risks, child and forced labor, inequitable distribution of benefits, security 
issues, and conflicts with large-scale mining, among many others.9 This chapter 
focuses on strategies used in the ASM sector in sub-Saharan Africa to promote 
economic development, effective governance, protection and rehabilitation of the 
environment, and health and safety. ASM is a complex and multifaceted issue. The 
strategies and approaches discussed here at times overlap, reflecting this complexity.

Methodology

This study comprised a comprehensive review of the ASM literature, interviews 
with practitioners, and an analysis of work plans developed by officials work-
ing with ASM in sub-Saharan Africa.10 It drew heavily on lessons learned from 
deep engagement with the sector through the Australian Government’s capacity-
building initiatives, such as the International Mining for Development Centre 
(IM4DC) education and training programs (2011–2015), and the Australia Awards 
Short Courses for the Extractives Industries (2012–2018). We specifically focus on 
the analysis of work plans and interviews with practitioners, and their reflections 
on new interventions to improve development outcomes of the sector.
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In line with best practice in adult professional learning, an integral part of the 
pedagogical approach used in Australian Government capacity-building programs 
is to incorporate reflection about new knowledge acquired in relation to par-
ticipants’ home context.11 This is facilitated by interactive classroom discussions, 
online forums such as IM4DC’s alumni network (http://m4dlink.org/), written 
reflections, and, principally, the work plan on return (WPR).

A major issue raised in almost every capacity-building course assessed as part of 
this research was that of managing ASM; many WPRs chose to focus on this chal-
lenging issue. This chapter examines the themes chosen in thirty-four WPRs that 
focused on ASM. We also collected progress data for twenty of these WPRs via 
mail, telephone calls, and face-to-face interviews with participants.14 In addition, 
we obtained information from post-course reports written by course coordinators 

Box 17.1 The work plan on return

Workplace-related training programs designed for adults are useful only to 
the extent that the skills taught are transferrable to the workplace.12 This is 
particularly the case in work contexts that have few financial and material 
resources, such as many government ministries and civil society organiza-
tions in Africa. The objective of the WPR in the context of ASM is for 
participants to reflect on their learning and develop a tangible plan of action 
addressing a key issue related to mining in their home countries. The WPR 
is a tool for both personal development and training. It is designed to enable 
course participants to reflect on the complex issues raised by their work, to 
put in place a series of steps to enhance their capabilities to resolve these 
issues, and to transfer the competencies gained in capacity-building courses 
to their colleagues and external stakeholders.

The WPR has three focal points. First, before the course begins, the 
course coordinator asks participants and their line managers to identify a 
challenging issue in their work context that they wish to address. Second, 
during the capacity-building course, participants reflect on this issue in the 
light of new knowledge they are acquiring and craft a proposal for action to 
address the issue in the form of one project they are capable of completing. 
Finally, after the course, participants take action to implement the WPR 
in their home country. Critical to the success of the WPR is mentoring 
and peer-to-peer support for at least a year after the course finishes. Course 
designers should incorporate into the program ample time to plan, research, 
and workshop the WPRs and to anticipate barriers and facilitators to their 
achievement.13 Mentoring and peer-to-peer support after participants return 
home is particularly important; for example, a follow-up call two months 
after the course significantly improved engagement and levels of completion 
with the WPRs in 2016.
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following visits to Ethiopia and Madagascar to evaluate these courses, as well as 
participants’ reported progress on their WPRs.

The course participants came from eighteen countries in Africa, Asia, and South 
America.15 The WPRs were drawn from five Australian aid-funded courses that ran 
from 2012 to 2014.16 Mining ministries in the various countries were represented 
by twenty-three participants (68 percent of the sample), universities or technical 
institutions were represented by five participants (14 percent), other government 
departments were represented by four participants (12 percent), and NGOs were 
represented by two participants (6 percent).

In addition to analysis of the WPRs, we carried out face-to-face interviews 
with eighteen practitioners working directly on initiatives dealing with ASM. 
Thirteen of these were officials from governments and universities from eleven 
developing countries, and five were academics and consultants working in devel-
oped countries on initiatives related to improving the governance of ASM in 
developing countries.17

We analyzed data (WPRs, progress data, interview transcripts) using NVivo 
software, and a simplified grounded theory approach whereby we analyzed the 
data according to categories and topics that emerged from the data rather than 
making a priori assumptions.18 The WPRs considered ASM and the following 
challenges: economic development, effective governance, protection and rehabili-
tation of the environment, and health and safety.

Promoting economic development through ASM in Africa

ASM has been recognized in the Africa Mining Vision as an important factor for 
income and revenue generation that can increase local purchasing power, catalyze 
small and medium enterprises and foster local economic multipliers.19 Box 17.2 
provides examples of the WPRs reviewed for this study that focused on promoting 
economic development through ASM in Africa. These WPRs focused on improv-
ing miners’ financial literacy and access to finance; the formation of cooperatives 
and associations; and certification schemes to enhance fairness and transparency in 
the mineral commodity chain. In this section we briefly discuss access to finance, 
and the formation of cooperatives and associations. Renzo Mori Junior critically 
examines certification schemes in this volume, Chapter 19, “Gauging the effec-
tiveness of certification schemes and standards for responsible mining in Africa.”

Box 17.2  Examples of WPRs focused on promoting 
economic development through ASM in Africa

Improving financial skills of ASM miners (Central African 
Republic)

The aim of this WPR was to reduce poverty and improve the livelihoods 
of artisanal miners by encouraging them to save their earnings and invest in 
small family businesses. The project involved working in cooperation with 
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an artisanal mining cooperative and microcredit institution. The WPR was 
to have delivered a pilot workshop to the leader of an ASM cooperative in 
each targeted mining region, to be followed by several other workshops 
with other miners in the cooperative. Unfortunately, civil war in the CAR 
prevented progress on this WPR.

Upgrading mining technology in the small-scale  
sector (Ghana)

This project was developed by a not-for-profit ASM network in Ghana 
focused on organizing and improving the efficiency of the ASM sector. The 
WPR aimed to develop a training program focused on technology develop-
ment and proposal writing to secure funding to implement the program. This 
WPR aimed to develop the training model and materials in such a way that 
miners could use them even if they were marginally literate and had limited 
time to attend training off site. This WPR also included plans for a longer-
term project aimed at turning an abandoned mine into a tourist attraction.

Documentary on artisanal mining in West Africa  
(Senegal)

This WPR aimed to create a documentary on the benefits of fair trade gold 
in Senegal for consumers and the general public. Limited information was 
available on this WPR as the participant had taken leave from their position 
at the time of data collection.

Improvement of mining activities by consolidation of 
artisanal mining associations in cooperatives (Burundi)

This WPR aimed to increase the profitability and sustainability of ASM 
in Burundi by creating cooperatives. Its aims were broad, including com-
ponents targeting the livelihood aspects of ASM, such as improving the 
livelihoods of miners by encouraging more profitable mineral extraction, 
processing techniques, and business practices through technical services and 
supervision; encouraging miners to use mining revenues to contribute to 
the sustainable development of surrounding communities; and raising local 
capacity to run tracking and certification schemes and to enforce bans on the 
transportation of non-compliant minerals.

Organizing ASM into cooperatives/enterprise group 
mining (Liberia):

This project aimed to promote compliance with environmental guidelines by 
encouraging ASM miners to form cooperatives or group mining enterprises 

(continued)
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that would assist the government in monitoring their activities. As incentives 
to encourage miners to form cooperatives, the project would use financial 
assistance in the form of grants and loans, technology transfer to enhance 
productivity, and access to training and capacity building.

Developing a network of women working in ASM 
(Mozambique)

This WPR aimed to develop a network of women working in ASM in 
Mozambique. Through this network, the project would encourage women 
to form associations of women miners and would provide capacity building 
for alternative livelihoods, such as handicrafts and the production of ceramics.

Access to finance

A major challenge for African ASM miners is access to finance to scale up their 
business, to buy equipment, to access more valuable deposits, to improve produc-
tivity, and to enact reforms that could make their mines acceptable to certifica-
tion schemes such as those developed by the Alliance for Responsible Mining 
and Fairtrade International. Yet empirical studies on strategies for economically 
empowering small-scale miners have been lacking.20 Access to finance is often 
constrained by the legal status of ASM operations. Pit owners who operate in the 
informal sector are often able to secure financial support only through informal and 
inequitable channels, leading to a cycle of indebtedness.21 Miners themselves also 
face financial entrapment, for example to local traders or buyers who lend them 
money for poor-quality equipment, medicines, and food.22 Women pit owners and 
miners face additional challenges related to gender discrimination, including lack 
of access to finance, technical assistance and training, regardless of the registration 
status of the mine.23 Women’s work is also highly devalued and, as a result, they 
are frequently underpaid.

To avoid financial entrapment and non-repayment of loans, one approach taken 
by governments and donors has been to arrange the hire purchase of equipment 
by groups of miners. Multilateral institutions such as the United Nations Industrial 
Development Organization (UNIDO) and the World Bank have funded a num-
ber of small-scale grant schemes and equipment-leasing schemes in sub-Saharan 
Africa.24 For example, from 2005 to 2012, under the Sustainable Management 
of Mineral Resources Project, the Ministry of Mines and Steel Development of 
Nigeria and the World Bank operated a gender-sensitive microgrant scheme open 
to mining cooperatives to formalize their activities.25 Anene Nnamdi from the 
Nigerian Ministry of Mines and Steel noted that women miners were quick to take 
up the challenge, and when they formalized their activities they became eligible for 
small grants to purchase equipment.26

In 2009 Siegel and Veiga discussed the characteristics of successful user-friendly 
government loan facilities. In Namibia, for example, a government loan scheme 

(continued)
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financed through a Minerals Development Fund that included low interest rates, 
slow payment periods, and minimal bureaucratic overheads had high repayment 
rates. In Mozambique, a similarly successful scheme required miners to show their 
license and feasibility study, and to provide collateral and a payment plan. Siegel 
and Veiga suggest that rather than focusing on grants, donors could assist in devel-
oping such schemes and carrying the risk.27

Along with the need for government and donor-supported loans, miners also 
need business skills training with an emphasis on mobilizing micro-savings and 
careful needs analysis. They need to learn how to develop business plans to be 
able to move from artisanal mining to mining as a small-scale business so they 
can access credit. They also need training in the valuation of minerals, marketing, 
and upstream and downstream linkages, including business opportunities along the 
supply chain, service provision linked to ASM activity, and mineral beneficiation 
and manufacturing.

Formation of cooperatives and associations

During our interviews, key stakeholders frequently raised the idea of forming coop-
eratives and associations. A number of WPRs addressed this idea as a way to assist 
governments to regulate ASM by providing a formal body that is responsible for 
ensuring that a mining operation adheres to legislation and regulatory guidelines. 
Cooperatives could also support communication, cooperation, and coordination 
between miners; assist miners in sharing knowledge and resources; and contribute 
toward increasing local beneficiation.28 Training and knowledge transfer or finan-
cial services for legal mining operations are often provided as incentives for miners 
to form cooperatives.

Holistic training built on the community’s trust of trainers and extensive multi-
stakeholder involvement inclusive of women were key success factors in a World 
Bank-funded initiative in Uganda.29 The outreach, training, and small grants pro-
gram resulted in increased profits for miners, enhanced production and market-
ing efforts, and improved mine safety conditions. In Rwanda the organization 
of ASM into cooperative companies has registered more than 10,000 miners and 
provided them with new opportunities to enter into joint ventures with overseas 
investors. The development of cooperatives in Rwanda was made possible by the 
government’s support for a federation of cooperatives coupled with legislation that 
enabled easy land access. Findings from a largely unsuccessful USAID-funded pro-
ject aimed at forming a cooperative scheme focused on diamond mining in Sierra 
Leone found that such schemes must be grounded in local best practice with clear 
accountability and entitlement guidelines and sources of contingency funding. Also 
critical is the provision of training for cooperative members in how to effectively 
manage a democratic cooperative and in effective and responsible mining.30

Despite these examples, there is a dearth of research reporting on the successes 
and failures of cooperatives in ASM. Further research into ASM cooperatives—
drawing from experiences in mining and other industries—is needed to draw out 
important lessons for those looking to establish such ASM groupings in Africa 
and beyond.
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Promoting effective governance of ASM in Africa

The governance of ASM in Africa presents fundamental challenges given that 
the majority of ASM activities are undertaken outside legal frameworks as part 
of the informal sector.31 Key challenges exist not only in the creation of effec-
tive national legislation and policies that recognize the potential socioeconomic 
benefits of ASM, but also in terms of implementing such frameworks in locations 
where knowledge, political will, financial and human resources, and capacity are 
frequently lacking.32

The WPRs undertaken as part of this study identified lack of enforcement of 
legislation and regulations as a key issue in the governance of ASM. Approximately 
one-quarter of the WPRs reviewed for this study focused specifically on the gov-
ernance or regulation of ASM. However, given that this category/topic overlaps 
significantly with other areas, the majority of the WPRs we reviewed were, in fact, 
indirectly aimed at assisting the implementation of legislation and regulations in the 
form of miner-friendly guidelines, checklists for inspectors, and capacity-building 
and sensitization programs. The WPRs more specifically focused on the area of 
governance in sub-Saharan Africa (Box 17.3) analyzed for this study fell into three 
broad categories: amending legislation, encouraging formalization through training 
and guidelines, and policy research.

Box 17.3  Examples of WPRs focused on promoting 
effective governance of ASM in Africa

Amending legislation

Improving the social dimension of the environmental specifications of small-
scale mining operators (Madagascar)

This WPR aimed to review and modify existing environmental specifica-
tions for licensing of ASM operations in order to enhance the social respon-
sibilities of small-scale mining operators. Activities included engaging with 
ASM operators to understand how they impact and are impacted by sur-
rounding communities in order to develop strategies and specifications to 
enhance the welfare of communities, with the aim of including these in the 
environmental regulations and mining code of Madagascar.

Consideration of occupational health and safety (OH&S) in environmental 
texts for the Ministry of Mines (Madagascar)

While legislation governing mining in Madagascar discusses the environ-
mental obligations of small-scale mining operators, it does not detail opera-
tors’ obligations from a health and safety perspective. This WPR aimed to 
amend existing environmental legislation to include health and safety obliga-
tions for miners as a prerequisite for permits and mining authorizations, and 
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to encourage the government to monitor and evaluate ASM activities from 
a health and safety perspective.

Guidelines for occupational health, safety, and protection of the environment 
in the extraction of aragonite and celestite (Madagascar)

This WPR aimed to apply knowledge about occupational health, safety, 
and environment (OHS&E) legislation and regulations gained through the 
course in Australia to establish guidelines, standards, and an OHS&E manage-
ment system (enshrined in a code of conduct and commitment plan within 
existing legislation) for the mining of aragonite and celestite (celestine) in 
Madagascar. This project planned to conduct baseline studies to develop 
the guidelines, which would need to be approved by the Ministry of Mines. 
Mining administrators and inspectors would oversee and assist mine owners 
and operators in the implementation of the guidelines.

Encouraging formalization through training and 
guidelines

Understanding the views and needs of miners (Nigeria)

This WPR aimed to improve government and civil society’s understand-
ing of the views and the needs of miners and other stakeholders in order 
to formulate acceptable programs to enhance miners’ compliance with 
regulations. It also focused on sensitizing miners on the benefits of obtain-
ing mining licenses and the implications of not operating according to the 
requirements of legislation.

Guidelines for regulation of ASM (Madagascar)

This WPR aimed to assist in regulating gold rushes in northern Madagascar 
by developing guidelines for miners outlining the key legislation and regu-
lations for ASM. The guidelines, which were published as a booklet in both 
French and Malagasy, would be accompanied by training and sensitization 
of mining communities and local authorities to encourage legal mining 
practices.

Conflict resolution between large-scale mining (LSM) companies and small-
scale miners (Ghana)

This WPR, developed by a not-for-profit ASM network in Ghana, had 
a three-pronged objective: first, to foster trust and harmonious relation-
ships between LSM companies and small-scale miners through consulta-
tive engagement; second, to negotiate with LSM companies to cede part of 

(continued)
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their concessions to ASM through due process with regulators; and third, 
to prepare a simplified handbook for mining license acquisition and mining 
best practices to enable small-scale miners to understand license acquisition 
processes and best mining practices.

Policy research

Comparative desk study on ASM legal frameworks (Ghana)

This WPR aimed to compare legal frameworks for ASM in Ghana and Peru 
through a comparative desktop study in order to apply lessons from Ghana’s 
attempt to formalize ASM to the development of a successful legal frame-
work in Peru.

Formalization of ASM

Strategies to promote the effective governance of ASM in Africa tend to focus on 
formalization of the sector, which can refer specifically to the process of creating 
or amending legislative frameworks and policies to regulate ASM, as well as to the 
ongoing processes of implementing or adhering to these frameworks.33 There are 
many barriers to formalization for ASM miners, including unavailability of unti-
tled, mineralized land; limited tenure rights; and highly bureaucratic, centralized, 
or costly licensing processes.34 While most countries in Africa legalized ASM in 
the 1990s, governments have tended to create legislation in a top-down manner, 
giving preferential treatment to LSM when granting concessions.35 Legislation has 
also tended to misunderstand the nature of the ASM sector and the motivations 
of miners, and has not taken into account the precolonial history of ASM as a 
traditional livelihood activity deeply implicated in customary land tenure systems 
that often exist in parallel to common or civil legal systems in sub-Saharan Africa.36 
In some cases, classifications of ASM in legislation do not accurately represent the 
complexities miners actually face, which can also work as a disincentive for min-
ers to formalize their activities.37 In Ghana, for example, there have been recent 
discussions around amendments to legislation to include a medium-scale mining 
category in addition to the current large-scale and ASM categories, a proposal that 
has both detractors and supporters.38 These discussions have been initiated due to 
the increasing mechanization of ASM sector.

In 2014 Fold, Jønsson, and Yankson argued that research and policies focused 
on the governance of ASM need to better understand how the formal and informal 
ASM sectors are intertwined, and how ASM labor markets function in Africa.39 
Because formalization relies on enforcement, it is important to involve local 
authorities and communities in policy-making processes, to ensure that policymak-
ers consider local contexts.40 In 2003 Hentschel, Hruschka, and Priester promoted 
the decentralization of governance of ASM as a way to ensure that legislation and 
regulation reflects the realities on the ground and that services are located close to 

(continued)
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where ASM activities are occurring.41 In 2014, however, Hirons used the example 
of Ghana to show that decentralization that is not properly or fully implemented 
undermines the participation of traditional authorities and other political actors in 
the governance of ASM.42 This undermining can intensify local conflicts and create 
additional complexities, including challenges associated with political rent seeking 
at the local level.

Prior studies have shown that formalization initiatives should include incentives 
to encourage miners to participate in the schemes.43 For example, in Zimbabwe 
the government has raised its gold buying price and reduced royalty charges for 
artisanal miners to discourage the illegal mineral trade.44 A major challenge for 
artisanal miners in many countries is the lack of geological information indicating 
mineralized areas for ASM concessions.45 In Ghana, for example, the awarding of 
concessions for ASM with poor deposits of minerals or deposits that are not ame-
nable to ASM has created a disincentive for miners to formalize their activities; 
they will often move beyond the boundaries outlined in their mining lease and 
onto the concessions of LSM companies.46

Education and training

Education and training are the cornerstone for promoting good governance of 
the ASM sector, by creating awareness of both the health and safety hazards and 
the environmental impacts of ASM.47 Many scholars emphasize the importance of 
outreach and training activities with a participatory and multi-stakeholder focus 
that includes the communities surrounding ASM operations.48 There has been a 
tendency for governments and donor bodies to promote education within more-
established ASM regions, leaving a need for training and capacity-building pro-
grams in more-remote communities.49 Formalized peer-to-peer learning can be 
a particularly effective method for training ASM miners. Education levels of the 
target audience need to be taken into account, including language and literacy 
levels.50 For this reason, radio and other forms of multimedia can be effective for 
disseminating information to artisanal miners.51 For example, the Nigerian gov-
ernment’s ASM department has conducted a sensitization program that involves 
drama presentations at village squares, radio jingles, and billboards, to sensitize 
community members, and particularly women, about the dangers of children 
being involved in mining.52

Where possible, training should be delivered by local institutions that under-
stand the culture- and context-specific issues that ASM miners face. Before begin-
ning any training initiative, the training provider should conduct a thorough needs 
analysis with a representative pilot group, taking care to establish the literacy status 
of participants and their availability for such training. Externally delivered train-
ing and capacity-building programs should attempt to form partnerships with 
local institutions and build the capacity of local actors. They should also take into 
account local knowledge and attempt to build on previous initiatives and tech-
nologies that have been introduced. Too often, engagement and training programs 
in ASM have tried to start from scratch rather than building on existing initiatives 
that might have ceased due to lack of ongoing donor or government funding rather 
than because of a lack of potential for success.
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An example of a successful program funded by Deutsche Gesellschaft für 
Internationale Zusammenarbeit (GIZ) was a field-based gemology training in 
Madagascar where local miners learned to identify stones, including the character-
istics of more-valuable stones. Established relationships with local mayors and ASM 
community leaders enabled the training to take place in remote locations with a 
good representation of both men and women miners.53

Promoting protection and rehabilitation of  
the environment

The environmental impacts of ASM are a key issue facing the mining sector in 
Africa, and include land degradation and desertification, soil erosion, deforesta-
tion, biodiversity loss, and pollution of rivers and other water sources. Artisanal 
and small-scale gold mining (ASGM) is the largest source of anthropogenic mer-
cury emissions globally.54 While the use of mercury has garnered considerable 
attention from academics and international donor organizations, the reclamation 
of lands and other water-related issues have received less attention. Land degrada-
tion and the pollution of water bodies represent a serious sustainability issue for 
the sector given the importance of agriculture on the continent and increasing 

Figure 17.1 Malagasy gemstone miner leaning to use a loupe

Source: Lynda Lawson, 2016
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concern around the impacts of climate change. More research is required to 
understand the socioeconomic and environmental trade-offs and linkages in ASM 
to understand its broader development impacts.55

Eight of the thirty-four WPRs we included in the study focused primarily on 
the environment, but in total, over half (eighteen) of the WPRs touched on issues 
related to the environmental impacts of ASM.56 Of the eight WPRs that specifically 
focused on the environment, three aimed to develop guidelines on environmental 
impacts; more specifically, two focused on promoting good practice in environmen-
tal management among miners and included training components, and one focused 
on environmental risk assessment aimed at building the capacity of inspectors. One 
WPR aimed to improve the monitoring of environmental impacts caused by ASM 
through a multi-stakeholder approach that targeted both government officials and 
miners. Two of the eight environment-focused WPRs aimed to better understand 
the impacts of mercury in specific regions; one WPR aimed to improve the reha-
bilitation of both small-scale and large-scale mines by identifying the challenges of 
doing so; and one WPR focused on alternative livelihoods as a way of protecting a 
World Heritage nominated site.

Box 17.4  Examples of WPRs focused on promoting 
protection and rehabilitation of the 
environment in Africa

Guidelines

Environmental management awareness in ASM (Malawi)

This WPR aimed to promote good practice and assist miners to gain knowl-
edge about environmental management issues by developing environmental 
management guidelines on ASM in the local languages and providing train-
ing and sensitization to miners on these guidelines. The WPR proposed to 
monitor the effectiveness of the guidelines and training through inspections 
and to alter the guidelines iteratively, providing follow-up training and sen-
sitization where necessary.

Proposal and popularization of a guide on the best environmental and social 
practices for ASM (Senegal)

The aim of this WPR was to develop a guide of good environmental and social 
practices to be adopted by miners to reduce the environmental and social impacts 
from ASM and improve the relationship between miners and local communi-
ties. After development of the guide, meetings would be held with different 
stakeholders to distribute the guide, including miners and their families, local 
communities, local authorities, and the government, via the regional committee 
of environmental monitoring.

(continued)
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Setting guidelines for environmental health risk assessment of large-  
and small-scale mining (Ethiopia)

The aim of this WPR was to contribute to the sustainable development of 
the mining sector and minimize and mitigate the environmental impacts of 
mining by developing a systematic environmental risk management frame-
work and standardized guidelines of environmental health risk assessment 
for both ASM and LSM. The framework aimed to enhance the capacity of 
mining inspectors and would be based on risks identified through fieldwork.

Monitoring

System for monitoring environmental activities considering social 
responsibility (Madagascar)

This WPR aimed to promote community development through the min-
ing sector and a sense of social responsibility among entities by establishing a 
pilot system for monitoring activities related to the environmental and social 
aspects of ASM and LSM. This pilot monitoring system would be developed 
through engagement with both government officials, miners and commu-
nity members, through multi-stakeholder workshops and reflection groups.

Analysis on the effect of using mercury in ASGM in Chunya-Mbeya 
(Tanzania)

This project used risk assessment methodologies to assess the environmen-
tal and health impacts associated with the use of mercury in ASGM in the 
Chunya district of the Mbeya region of Tanzania. It also aimed to investigate 
options for mercury-free production and to promote best measures to reduce 
levels of mercury and address the issues identified.

Geochemical assessment of abandoned and active mine sites and the impacts 
on the health of mine workers in the south-west (Nigeria)

This WPR aimed to assess the type and level of pollution caused by ASM 
and the implications for the health of small-scale miners. It planned to assess 
this pollution through geological mapping of mine sites and identification 
of contaminated areas; geochemical analysis of groundwater, surface water, 
stream sediments, soil, and plants; and geochemical analysis of blood samples 
of mine workers, especially women and children.

Rehabilitation

Participatory evaluation of mine rehabilitation challenges (Ghana)

The aim of this WPR was to identify challenges facing post-mining land-
scape efforts for both industrial and artisanal gold mining companies in 

(continued)
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south-west Ghana through participatory assessment and evaluation of 
existing rehabilitation plans.

Alternative livelihoods

An attempt toward the control and legalization of artisanal mining within 
the Mwela Rock Art National Monument Area for sustainable community 
development (Zambia)

This WPR aimed to curb illegal artisanal mining in the Mwela Rock Art 
Protected Area by striking a balance between heritage conservation and the 
exploitation of artisanal mining products in the area. It would do this by 
demarcating specific areas for legalized artisanal mining and creating alterna-
tive livelihood opportunities.

Promoting cleaner technologies

Multilateral lending agencies and intergovernmental organizations in partner-
ship with national governments have focused strongly on capacity-building and 
technology-transfer programs focused on more efficient and cleaner mining and 
processing methods to reduce environmental damage and mercury pollution.57 
Despite this, there is widespread lack of knowledge among miners of the benefits 
of adopting more efficient and environmentally sustainable technologies in their 
operations; in addition, miners lack financial incentives to do so.58 There is a need 
to develop cleaner technologies that are firmly based in the local context.

Mercury retorts, centralized processing centers, and the promotion of mercury-
free processing methods are three key strategies that have been used to reduce 
environmental emissions of mercury and associated health impacts. For example, 
a three-year project (2012–2015) in Burkina Faso, Mali, and Senegal, co-financed 
by a number of institutions including the Global Environment Facility and the 
UNIDO, focused on promoting affordable, simple, and intuitive mercury-free 
technologies that can be easily maintained and that take the needs of miners into 
account.59 The program provided inclusive health education and technology train-
ing programs based on workshops, seminars, and trainings, as well as assistance to 
mining communities to obtain fair trade certification. Another project in Zamfara 
State in Nigeria (the Safer Mining Programme) introduced the iGoli process to 
miners.60 This method, developed by Mintek, has been incorporated into a small 
plant in Tanzania suitable for groups of artisanal miners or very small commercial 
operators.61 Unfortunately, the cost of iGoli has been prohibitive for some miners, 
and Sippl and Selin and Spiegel et al., among others, have suggested that improved 
technologies that are not produced locally might not be the most sustainable strat-
egy for the ASGM sector.62 This has been the case with mercury retorts—small 
devices that capture mercury vapors during the burning process, preventing inhala-
tion and emissions to the environment. There has been some success with retorts 
that have been constructed locally using local materials, but there has been less 
success with externally constructed retorts.63 In addition to facilitating uptake, the 
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local manufacture of retorts provides an opportunity for local employment.64 An 
example of a locally produced mercury-free method that has garnered some atten-
tion by the United Nations Environment Programme is the Ghanaian direct smelt-
ing kit, locally referred to by miners as sika bukyia (literally “money furnace”).65 
It was developed at the University of Mines and Technology in Tarkwa, Ghana, 
and is based on what is often referred to as the borax method.66 It is a promising 
approach, and has high recovery rates.67 In addition, it processes gold quickly and 
consistently.68 Dissemination of the technology will rely on subsidization and edu-
cational outreach, however.69

Centralized processing centers have had mixed success due to not taking min-
ers’ needs into account.70 According to a 2007 study by Hilson, Hilson, and Pardie, 
centralized processing facilities are most effective in countries with localized gold 
deposits but not as effective where gold is widely dispersed.71 Centralized facili-
ties that require miners to haul tonnes of ore far from the mine might not be a 
viable solution, however.72 While centralized processing facilities can serve the 
dual role of directly reducing environmental impacts and providing information 
about environmental management, in many cases in sub-Saharan Africa they have 
been installed before the project proponents ensured that miners needed them and 
are willing to use them.73 For example, a World Bank-sponsored ore-processing 
center in Bolgatanga, Ghana, constructed in 2000, was underutilized because the 
equipment was not tailored to local geological conditions due to lack of research 
prior to establishment, and the processing center was located too far from the min-
ing area, which would require funds for transport.74 Other attempts to introduce 
processing centers in sub-Saharan Africa have run into issues with high demand 
superseding capacity, discouraging miners from using the centers due to lengthy 
waiting times, or the centers prioritizing miners with large amounts of ore, thus 
disadvantaging smaller producers.75 Processing centers operating on an aid rather 
than business model could offer services at no cost to miners for a period of time, 
but then face the challenge of sustainability once the project finishes because they 
require resources for labor, equipment, maintenance, and administration.76

Reclamation of lands

Lack of geological information for ASM activities has led to substantial environ-
mental and financial liabilities in sub-Saharan Africa: miners often operate in a 
haphazard manner in their attempt to find minerals, causing greater environmental 
destruction than would be the case if governments allocated mineralized conces-
sions to ASM.77 While most legislative frameworks provide provisions for the rec-
lamation of land in ASM, in practice monitoring is largely absent, and reclamation 
is either ignored or undertaken superficially, such as by simply filling in mining pits. 
A pilot project focusing on the reclamation of ASM lands funded by the World 
Bank Mining Sector Development and Environment Project through the Ghana 
Minerals Commission was undertaken in Ghana in the late 1990s and early 2000s 
with the objective of demonstrating that mined land could be reclaimed and used 
for alternative economic activities and serving as a model for best practice and cost-
effective methods for future reclamation programs.78 This pilot project, undertaken 
by a Ghanaian contractor using labor from local villagers, reclaimed and reveg-
etated three ASM sites covering 205 hectares in total, using economic trees (citrus 
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and palm oil) and the participation and involvement of communities. Assessment 
of the pilot recommended that the Ghana Minerals Commission assess the pilot 
reclamation projects to determine the cost of a bigger program of environmental 
reclamation, which could potentially be funded through a levy on artisanal and 
small-scale miners.79A 2013 study looking at the process of reclamation of lands 
mined through ASM in Ghana estimates that the cost for reclamation of one acre 
of mined land excavated to a depth of 900 millimeters is approximately $52,419, 
including maintenance costs for a 5-year period of 2–3 percent.80 Multilateral lend-
ing agencies such as the World Bank have considered establishing funds to assist 
in the organization of ASM groupings (e.g., cooperatives or associations) to cover 
the costs of environmental or social impacts. ASM producers can also raise funds to 
meet the cost of environmental sustainability through direct taxes, fees, or indirect 
costs incorporated into production cost functions.81 The Asia Foundation, through 
its Engaging Stakeholders in Environmental Conservation Project, has introduced 
an innovative strategy for the reclamation of lands called frugal rehabilitation in 
Mongolia; this strategy might be suitable for application in Africa.82 The strategy 
of frugal rehabilitation comprises comprehensive activities aimed to improve the 
value and productivity of degraded lands. It is structured around three components: 
technical rehabilitation, topsoil management, and biological rehabilitation target-
ing species that are native to the contextual environment. It is aimed specifically at 
ASM sites and acknowledges that ASM miners often lack the resources to achieve 
the level of land reclamation that large-scale mining companies can afford. For this 
reason, it focuses on achieving results at a reasonable cost that are accessible and 
affordable, and that address the concerns of both miners and communities.83

Promoting health and safety in ASM

Close to half of the thirty-four WPRs in this study attempted to address issues asso-
ciated with health and safety, and all of these had a capacity-building focus.84 Eight 
aimed to deliver sensitization or awareness training to miners, and four focused on 
developing guidelines, manuals, or checklists. Two WPRs included a train-the-
trainer component, while four WPRs had a risk assessment focus, reflecting the 
content of the course in Australia and an attempt on the part of the participants to 
incorporate risk assessment into their work in their home countries. Over half of 
the health and safety-focused WPRs aimed to develop guidelines or informative 
materials as part of their program.

Box 17.5  Examples of WPRs focused on promoting 
health and safety in ASM in Africa

Sensitization and training initiatives for miners

Sensitization on OHS&E in ASM in Toamasina (Madagascar):

This project aimed to provide workshops and information packages based on 
research in priority areas around Toamasina.

(continued)
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Training for ASM mine managers/cooperative heads on health, safety, and 
environmental management (Rwanda)

These training workshops would draw on material and support provided by 
Rwandan police, the Rwanda Environmental Management Authority, the 
International Conference on the Great Lakes Region secretariat, and the 
German Federal Institute for Geosciences and Natural Resources Office in 
Rwanda.

Sensitization of stakeholders on the consequences of mercury use (Cameroon)

This WPR aimed to use a training program for mineworkers to sensitize 
stakeholders on the consequences of using mercury in gold mining activities. 
This train-the-trainer program would be implemented in partnership with 
three ASM cooperatives and with miners to develop a set of good practice 
guidelines for the reduction of the impacts of mercury and tools for a work-
place health and safety management system. Its long-term aim was reduction 
in mercury in water in Bétaré-Oya and improving the livelihoods and living 
conditions for residents.

Job hazard analysis for small-scale miners (Malawi)

This project aimed to train mine inspectors and monitoring staff on the use 
of job hazard analysis. This analysis is a proactive safety management tool 
used to identify risks or hazards, such as environmental and human health 
hazards, that are associated with the use of chemicals in mining. It also aimed 
to promote a safety culture among miners, such as procedures for the proper 
handling, storage, and disposal of chemicals.

Education and awareness campaign on the health and safety of three small-
scale mining operators in Kaduna State (Nigeria)

The aim of this WPR was to minimize, eliminate, substitute, or control 
OH&S hazards in the work environment of small-scale miners through a 
training and awareness building program with ASM operators. The pro-
ject also envisaged training personnel at the Ministry of Mines and Steel 
Development on the importance of health and safety in mining to encourage 
stronger OH&S legislation and regulations in Nigeria.

The management and storage of chemicals used by artisanal miners  
(Sierra Leone)

Through a series of seminars and workshops with local miners, this WPR 
aimed to increase the awareness of artisanal miners of the environmental and 
human health hazards associated with the use of chemicals in mining and 
to promote a safety culture, including the procedures for proper handling, 

(continued)
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storage, and disposal of chemicals. The project would deliver seminars to 
mine inspectors and monitoring officers, who would subsequently deliver 
training to miners or communities.

Improving adoption of personal protective equipment through graphical 
illustrations for ASM in Nassarawa State (Nigeria)

This WPR focused on promoting the use of personal protective equipment 
through the use of graphical/pictorial information. It aimed to curtail inju-
ries and common illnesses associated with using crude methods of mining by 
encouraging the use of masks, safety goggles, and gloves in mining operations. 
This was one of the few WPRs that recognized the importance of using appro-
priate graphics in communication materials for working with ASM miners.

Checklist/manuals for inspectorates

Enhanced mining inspections using checklists (Kenya)

This WPR aimed to improve the level of compliance with mining safety 
regulations in one small-scale mining operation and one artisanal gold min-
ing site in Kenya by developing inspection checklists for the mining inspec-
torate to enhance inspections.

Implementation of a manual for OH&S inspection for mining activities 
(Madagascar)

The project aimed to develop a manual that would contain a series of essen-
tial inspection parameters for mining and environmental inspections of both 
small- and large-scale mines.

Guidelines for miners

Preparation of guidelines for OHS&E for ASGM (Madagascar)

This WPR aimed to prepare guidelines for inspectors that would incorpo-
rate risk management, monitoring and inspection, injury and illness manage-
ment, and incident and accident reporting and investigation.

Guidelines for ASM OH&S (Burundi)

This WPR aimed to develop guidelines to help ASM operators prepare 
and implement management systems on OHS&E as a proactive strategy 
for addressing the OHS&E issues arising from mine operations. The focus 
would be on inspection (OHS&E assessment), prevention and remediation 
of mine hazards, mine damages repair, and mine conversion when required.
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Conclusion

Table 17.1 Summary of key issues strategies and conditions of efficacy

Issue Strategy Conditions for Efficacy

Economic 
development

Access to finance
Formation of cooperatives and 

associations

User-friendly loan facilities
Donor-supported loans rather than 

grants
Banks and lender financing of ASM 

activities, particularly those of 
women, at reasonable rates

Incentives to form cooperatives
Clear accountability and entitlement 

guidelines
Training for members on managing 

a cooperative
Contingency funding
Research into what makes a 

cooperative successful
Governance Amendment of legislation to 

better address needs of ASM 
miners

Encouragement of formalization 
through training, guidelines, 
and facilitation of miner 
participation

Policy research to assist 
the implementation of 
legislation and regulations

Miner-friendly guidelines and 
checklists for inspectors

Capacity building and 
sensitization programs

Government engagement with 
ASM to understand the needs 
and constraints that prevent 
uptake of formalization

Engagement with and development 
of leaders from government, 
mining communities, and NGOs

Engagement with ASM operators
Establishment of training needs
Political will and government 

capacity to enforce legislation 
and regulations

Protection and 
rehabilitation 
of the 
environment

Training and enabling of simple 
rehabilitation of mined land

Focus on miners’ responsibility 
to remediate areas they have 
disturbed, e.g., through 
levies on operators

Sufficient funding
Miners’ understanding of their 

rights and responsibilities
Technologies that are firmly based 

in the local context, preferably 
manufactured locally using local 
materials

Ensuring demand for new 
technologies and taking miners 
needs into account

Health and 
safety

Training in alternative methods 
for processing gold

Expert advice on mine 
construction

Sufficient funding
Build on existing initiatives with 

good understanding of context
Needs analysis
Acknowledgment of miners’ potential 

lack of time, mobility, and literacy
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ASM in Africa provides a livelihood for millions of miners and their families. An 
extraordinary amount of the world’s minerals is produced by ASM in Africa, from 
valuable commodities such as gold and precious stones through to the 3Ts (tung-
sten, titanium, and tin) and the so-called neglected development minerals. Much 
of this production is hidden from view and unregulated, and many miners—an 
increasing number of them women—are not benefiting from the mineral riches 
they are extracting. Development agencies are now taking seriously the potential 
to alleviate poverty and improve returns on ASM through changes in policy and 
practice. Further research is needed to understand more precisely the contribution 
of ASM to the economies of African states.

This chapter has reviewed the literature in four critical areas: promotion of 
economic development; effective governance; protection and rehabilitation of the 
environment; and health and safety. In addition to highlighting recent work in 
these areas from the literature, we incorporated the views of government and civil 
society representatives working with ASM issues in sub-Saharan Africa. The key 
learnings we focused on were in the areas of access to finance, formalization pro-
cesses, including the formation of cooperatives and associations, cleaner technolo-
gies, reclamation of lands, and promotion of health and safety.

Many of the participants involved in this study discussed the need for more 
consultation and involvement of stakeholders—including those directly work-
ing with ASM—prior to the development of strategies aimed at addressing the 
many issues associated with the sector. They also emphasized the importance of 
communicating the findings of research to ASM communities themselves. One 
interviewee suggested that while many reports have been written about the issues 
surrounding ASM, little has been done in the way of implementing these findings. 
Commentators have supported this assertion, and speak of research fatigue in the 
ASM sector and the need for more action and less talk.

An ASM visioning workshop conducted by the International Institute for 
Environment and Development (IIED) in 2015 concluded that what was needed 
to tackle the complex challenges within the ASM sector was to “awaken that big, 
lazy, sleeping giant that is government.”85 The views shared by those interviewed 
here suggest that many in government are very much awake to the needs of ASM 
but require support to realize effective strategies. It is clear from this study that the 
strategies most likely to succeed are those that pay careful attention to the local 
context and are able to develop holistic approaches that reflect the issues as they 
play out in Africa.
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18 Artisanal and small-scale mining 
community health, safety,  
and sanitation
A water focus

Danellie Lynas, Gernelyn Logrosa, and Ben Fawcett

In brief

 • In order to provide successful water-related development and services 
within the African ASM context we need to understand the overlap 
between community and occupational health and safety, and the over-
lap of household and workplace.

 • It is important to develop an integrated approach to water-related health, 
safety, and sanitation in Africa. Such an approach allows us to bridge 
the communication gap between local communities and donor organi-
zations and development programs.

 • Water plays an indispensable role in all aspects and in all stages of ASM 
and affected communities. In general, all mining and mineral processing 
operations require water, and maintaining life requires clean water.

 • Wet and slippery workplace conditions cause many accidents, and 
many endemic diseases are waterborne. Water-related diseases can 
be caused by contamination of water from both surface water and 
groundwater sources.

 • Water, sanitation, and hygiene, reach beyond the boundaries of tradi-
tional health care and public health sectors.

Introduction

The United Nations’ shift from the Millennium Development Goals (MDGs) to 
the Sustainable Development Goals (SDGs), and the subsequent focus on equita-
ble services, gives us the opportunity to review the artisanal and small-scale min-
ing (ASM) poverty trap with fresh eyes. These goals, in turn, allow development 
programs to set meaningful targets. Because SDG 6 is committed to the universal 
provision of water and sanitation services, and SDG 5 addresses the specific needs 
of women and girls, they guide and stimulate support of ASM’s community devel-
opment. An integrated approach to water-related health, safety, and sanitation in 
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Africa allows us to bridge the communication gap between local communities and 
donor organizations and development programs. ASM is heavily reliant on water: 
preserving and protecting water for all users depends on careful program design 
and implementation.1

Water plays an indispensable role in all aspects and in all stages of ASM. Hence, 
its importance cannot be overemphasized when considering ASM community and 
occupational health, safety, and sanitation issues. Risk assessments of water-related 
health, safety, and sanitation conditions in ASM have been very limited and lack 
depth, however. Public health studies show that the majority of health problems 
are water related: the lack of access to clean water aggravates the increased risk 
of malaria, diarrhea, musculoskeletal pain, dehydration, schistosomiasis, cholera, 
nematode infections, headaches, and dermatological, visual, cardiac, and respira-
tory problems.2 In Africa, miners and their families continue to be more vulnerable 
than those in other occupations to combined occupational and community health 
risks and diseases.3

A skin disease called Buruli ulcer is the second-most widespread mycobacte-
rium infection in Ghana, with a reported higher prevalence in the Amansie West 
District.4 Ghana is consistently second only to Côte d’Ivoire among six west 
African countries reporting the most cases of Buruli ulcer, worldwide, every year 
from 2010–2016. During this period, there has been a steady decline in global 
cases from nearly 5,000 to 1,864 cases in 2016.5 Skin disease, transmitted through 
bacterially infected water, is just one aspect of a wide range of pressing challenges 
that result from lack of access to clean water and sanitation services and lack of 
capacity-building support services to improve water-related occupational health 
and safety practices.6

In order to provide successful water-related development and services within 
the African ASM context we need a holistic understanding of the overlap between 
community and occupational health and safety: if we separate household from 
workplace ASM conditions we will not be able to reach our goals of universal 
clean water and sanitation. Failure to take a holistic view explains why, despite a 
number of reliable biomarker studies that have been performed, health and safety 
problems persist in most African countries.7 To address these problems we need 
risk assessment information in ASM sites that establish causal links to water sources.

We know that wet and slippery workplace conditions cause the most number 
of accidents, and that endemic diseases are waterborne. In addition, we know 
the open water sources used for gold panning and the abandoned mine pits filled 
with accumulated water are sites for mosquito breeding.8 Standing water sources 
in most districts of Ghana were found within a 25-meter radius of 94 percent of 
ASM households, whereas only 54 percent of farming households were that close 
to open water. In fact, in 2011 the mosquito-borne disease malaria was the top 
self-reported disease, affecting 80 percent of all study participants in the ASM 
community.9 It is only with a holistic understanding of water-related health and 
safety that we will be able to positively reframe the African sanitary discussions and 
offer suggestions to the existing epidemiologic analyses of human health.

In addition, we can draw a comparison from similar conditions shared by ASM 
communities and the urban slums. The most obvious parallel is the migration 
strategies driven by rural poverty and the reducing agricultural incomes. The use 



266 Danellie Lynas et al

of temporary shelters is a characteristic pattern in ASM since miners tend to stay 
only as long as they find gold and to move on as soon as a better gold prospecting 
opportunity emerges somewhere else. Buxton suggests three key facets of ASM: 
vulnerability (economic, natural/physical, and sociopolitical), marginalization 
(geographical and political), and informality. These facets also apply to slums.10 
Given the parallels between the living conditions of both ASM miners and slum 
dwellers, we can undertake risk assessments to consider, in detail, similar water-
related problems from their shared contexts. Flooding, for instance, is a water-
related problem that often confronts both groups when they live in low-lying 
locations that are unsuitable for residential occupation.

Investigations considering water as the focus, therefore, can significantly assist 
in creating an integrated approach to developing practical management solutions. 
Building on previous knowledge gained from case study and field investigations 
in the Tarkwa district of Ghana, this chapter argues that we need to understand 
health, safety, and sanitation from a holistic point of view. Combined with the 
belated recognition by the United Nations of the universal human right to access 
to safe, clean, accessible, and affordable water and sanitation, the SDGs should pro-
voke action to improve community and occupational conditions in ASM.

ASM community risks: integration of households  
and workplace

The first and most important step when assessing risks to individuals and commu-
nities is to establish the context. ASM is characterized by the overlap of household 
and workplace. For that reason, Basu et  al. has used integrated and multidisci-
plinary strategy in dealing with ASM issues.11 In this chapter we build on this 
approach to provide a holistic understanding of the effects that socioeconomic 
drivers impose on community health, and the safety risks in locations where water 
is the primary resource.

More than 1.1 million Ghanaians work in ASM.12 Census data suggest that this 
number is growing.13 As ASM activities occupy an increasingly large occupational 
footprint, it becomes even more important to improve workplace conditions.14 
Agriculture continues to be non-viable due to lack of irrigation systems and thus 
overdependence on rain-fed crops, which are limited by seasonality. Many house-
holds are being forced into mining as the only alternative.15 The primary commod-
ity in Ghana, among other countries in Africa, is gold, because it is profitable and 
stable in terms of market price. Gold remains attractive for the ASM community 
because of its fast and easy extraction from the raw mineral form. For many it 
holds the promise of immediate economic relief and is the mainstay of local, rural 
economies.16 Despite the economic benefits, however, the ASM sector remains 
vulnerable to health and safety risks.

The social and political marginalization of the ASM sector translates into reduced 
access to workplace health and safety assistance and services for both miners and 
other affected groups, such as other downstream industries.17 Poor mining practices 
in combination with the use of basic tools and equipment result in frequent acci-
dents and significant environmental and health impacts, with the most well docu-
mented of health impacts being mercury exposure. Before addressing and redressing 
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investigations into accidents, injuries, and fatalities, as well as environmental and 
health impacts, we need to take a holistic view of the community setting.

ASM miners vary their mining methods according to the occurrence of the gold 
deposit and its location. They use many mining methods, including alluvial mining 
along streams and riverbeds, open pit mining, and underground mining. All these 
methods pose safety risks to the miners involved.18

The seemingly easy methods of mining and processing alluvial gold captures 
the sense of inclusiveness in ASM; anybody can perform it: men, women, the 
elderly, and children. Shallow alluvial mining, which is popularly called “dig and 
wash,” is characterized by ASM miners in valleys or low-lying areas who exploit 
deposits with depths not exceeding 3 meters.19 Alluvial gold can naturally be liber-
ated but is often partially attached to silts and clays when found along river banks. 
To recover the gold, ASM miners wash the silt or clay in a sluice box to disperse 
the clay. When the mineral deposit lies on or near the surface, miners instead use 
open-pit mining, excavating at depths of 7 to 12 meters. This method is usually 
more cost-effective and requires fewer miners to produce the same quantity of ore 
than its underground method counterpart. Both methods incur safety risks that 
require specific control measures. For instance, the risks associated with open-pit 
mine slopes include various forms of ground instability such as slumping, mud-
slides, toppling, or falling of material involving a part or the whole of a pit slope. 
Collectively, the International Labour Organization estimates indicate that ASM 
operations worldwide experience six to seven times more accidents than occur in 
large-scale mining operations.20 Accidents and fatalities occurring in ASM contrib-
ute significantly to the bad reputation associated with the sector.21 Publicly avail-
able reports from Ghana that include information from Tarkwa and a statement 
from a local nurse (see Box 18.1) support this perception.22

Box 18.1 Experience in a mining town in Tamale, Ghana

In a statement to the author in February 2017 by written interview, Nancy 
Waaley, registered nurse and ward administrator, revealed her experience in 
a mining town in Tamale, Ghana:

The problems associated with mining and the consequences of the 
activities of the operators in Ghana is not only a problem for the sector 
but increasingly becoming a public health issue that needs a holistic and 
multi sector approach to address. Disease conditions emanating from the 
industry such as the case of Buruli ulcer and other water borne diseases is 
putting enormous pressure on health facilities, not only in the manage-
ment but in health financing.

The problem is further complicated by the fact that most of these 
activities are unregulated. Disregard for the use of appropriate per-
sonal protective clothing and use of harmful practices such as the use of 
potentially harmful chemicals such as mercury is increasing the disease 

(continued)
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burden. Minor cuts and abrasions that could be treated at primary health 
care levels finally land in the hospital as gangrenous wounds that will 
not heal but will once in a while end in amputation not only because 
of the delay in reporting to the health facility but also the ignorance of 
the operators and lack of knowledge of the effects of such chemicals and 
practices they engage in. Not only are these infections from chemical 
pollutions and harmful practices difficult to manage in terms of dis-
ease outcome, it significantly affects already scare resources available for 
clinical care and other activities of equal importance

Public health departments continue to advocate for the safe handling 
of potentially dangerous chemical such as mercury, based on the situ-
ational reports of disease incidents and for regularization of these activi-
ties to ensure these operators of these dangerous activities benefit at least 
from some early interventional measures to at least prevent complica-
tions. Not only will lives be safe, our water bodies will be safe to support 
aquatic lives and safe for human consumption and activities.

Moreover, few studies exist on occupational injury or health in ASM in Ghana. 
Long, Sun, and Neitzel interviewed 173 participants from the upper east region 
in 2011 and re-interviewed 22 of them in 2013. They found that falls were the 
most common cause of injury. Legs and knees were the most common injury sites 
reported, with cuts, lacerations, burns, scalds, contusions, and abrasions the most 
common injuries reported. More-specific narratives might have allowed further 
data interrogation to ascertain the extent to which water was or was not involved in 
these accidents. In another study Kyeramateng-Amoah and Clarke examined hos-
pital records from the Nkawkaw Hospital in the eastern region of Ghana between 
2006 and 2013 and found that the most frequent cause of injury was pit collapse, 
and that fractures, contusions, and spinal cord injuries were the most common 
types of injury reported.23 A 2014 study undertaken in Tarkwa interviewed 404 
small-scale miners about their occupational injury experiences over the previous 
10 years. The study indicated that almost a quarter of those interviewed reported 
being injured in the previous 10 years, with the overall rate calculated to 5.39 inju-
ries per 100 person years. The rate was significantly higher for women (11.93 per 
100 person years) and for those with little mining experience (25.32 per 100 person 
years for those with less than 1 year of work experience). Most of the reported 
injuries (71 percent) resulted from miners being hit by objects, with 17 percent 
resulting from mishandling of tools or machinery, and 5.8 percent from falls. Lack 
of reliable records on accidents among those involved in ASM presents an ongoing 
challenge in implementing proactive preventative or mitigating controls to lessen 
the personal and community impacts of injuries.

In general, all mining and mineral processing operations require water. 
Water is used in deep open-pit and hard rock mining methods during their 
downstream grinding and washing of the discharge, generating contaminated 

(continued)
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wastewater.24 Water contamination due to mining has been widely discussed 
in the literature.25 Specific water quality problems that are highlighted in the 
South Africa Environment Outlook Report include salinity and acidification.26 
Furthermore, the resulting seepage of contaminated water and potential migra-
tion into the groundwater environment can compromise the health and safety 
of both miners and local communities.

Water, sanitation, and hygiene-related health risks in ASM

The World Health Organization (WHO) defines health as “a state of complete 
physical, mental and social well-being and not merely the absence of disease or 
infirmity”.27 Determinants of health, such as water, basic sanitation, and hygiene, 
reach beyond the boundaries of traditional health care and public health sectors. 
Water-related decisions extend to include education, transportation, agriculture, 
and the environment. In the developing world, where more than 660 million peo-
ple in 2015 lacked an improved water supply and 2.3 billion had no access to basic 
sanitation and other necessities such as access to safe water and improved sanitation 
are universally accepted as being essential not only for human life, but also for dig-
nity and human development as well.28

The lack of access to clean water and sanitation services and to capacity-building 
support services to improve water-related occupational health and safety practices 
causes a wide range of diseases, which result in diminished livelihoods for artisanal 
miners and their communities.29 Lack of proper sanitation facilities on mining sites 
and in many residential areas means that miners and surrounding communities are 
faced not only with the risk of accidents, but also with the risk of water-related 
diseases due to contamination of water from both surface water and groundwater 
sources.30 Such interplay of the environmental, economic, and social dimensions of 
water-related risks makes ASM a perfect candidate for the integration of sustainable 
development and sustainable urban water management principles.31

As rapidly growing population relates ASM to urbanized communities, paral-
lels in socioeconomic, institutional, and political perspectives associate informal 
ASM to informal urban settlements, called slums.32 Slums can provide lessons about 
improving conditions, particularly in health, water, sanitation, and hygiene that 
can be applied to ASM communities. The physical environments are not necessar-
ily similar, although in some aspects they might be: what brings people into both 
communities, and their circumstances while they live there, indicate some poten-
tially useful similarities, however. The most obvious parallel is that both involve-
ment in informal, small-scale mining and migration to slums are strategies people 
use to cope with rural poverty and declining agricultural incomes, and to help to 
sustain individual and household livelihoods. Indeed, Sinding has suggested, “ASM 
may serve as an important supplement to other rural economic activities, thus 
mitigating the growth of urban areas and particularly urban slums.”33 Both lifestyle 
choices result from a combination of pull factors, toward economic possibilities, 
and push factors, from unproductive or overcrowded land. Such choices often 
involve only one or a few members of a household moving, in order to supplement 
a rural household’s income.
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Drawing from the indicative parallels between ASM and slum communities, we 
explore water-related risks in the context of setting meaningful targets to achieve 
the new equity-focused SDGs. It is with this view that we present a case study of 
Tarkwa, Ghana, to better understand the various water-related health, safety, and 
sanitation issues encountered in ASM. Building on case study research findings, 
we make recommendations that could contribute to improving the livelihoods of 
communities that are dependent on a sustainable mining future.

Tarkwa district: a case study

Tarkwa is the oldest and main mining district in Ghana; it is located within the 
Tarkwa-Nsuaem administration district of the western region, where alluvial min-
ing is predominant along the region’s streams and riverbeds. In 2012 the district 
had a population of 90,477 and the highest concentration of both large-scale and 
small-scale mines in the region.34 Tarkwa contributes significantly to the overall 
gold production in the country.35 The following section combines collective works 
of two projects funded through the International Mining for Development Centre 
(IM4DC), which is supported by the Australian government. The work included 
desktop review, interviews, and in-field observations.

In 2014 a project funded by IM4DC was undertaken to identify the major 
water-related safety concerns for ASM operators in the Tarkwa region. It 
found that the top three water-related accident causes were drowning, falls, and  
mudslides.36 One-quarter of the accidents reported by interviewees were directly 
water related; in the remaining accidents, water played a somewhat indirect causal 
link (e.g., injuries resulting from the use of manual machines in wet conditions). 
The continuous use of water in gold processing creates wet and slippery ground. 
The most common accidents are trips or falls due to wet conditions created 
by the continuous use of water in gold mining and processing.37 Significantly, 
continuous use of water can contribute to pit collapses, which account for the 
majority of deaths in ASM, especially in the rainy season.38 While these findings 
are supported by a number of authors who highlight and acknowledge the occur-
rence of accidents in ASM, however interview participants suggested the lack 
of causal exploration could be linked to underreporting: miners avoid accident 
investigations by regulatory authorities by not reporting accidents.

It is noteworthy that cumulative effects of water-related risks to communi-
ties are not limited to water contamination alone. Topic experts suggest that the 
exploitation of marginal areas such as riverbanks, protected forests, and weak strata 
often cause accidents in ASM; this in turn has implications for overall mine worker 
and community safety.39 Miners can misguidedly excavate low-strength soil at 
varying depths, leading to mine collapse. Furthermore, the fine waste material 
resulting from the series of mining washing activities is sometimes left near riv-
erbanks, increasing the safety risks of slipping and falling. Lack of knowledge and 
inappropriate use of available technology contribute substantially to the level of 
risk undertaken by ASM miners.

In 2015 UNICEF and WHO reported that 84 percent of the rural popula-
tion of Ghana had access to an improved water supply.40 Our extensive literature 
review in this case study confirmed that water resources in most Ghanaian ASM 
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communities such as the district of Tarkwa are under pressure because the town 
of Tarkwa is a hub for increased mining activities.41 Tarkwa district predominantly 
relies on the Bonsa River as a water source, with a piped supply delivered through 
the Bonsa Treatment Plant. Water use from this piped supply, which is managed 
by Ghana Water Company Limited, was reportedly reduced to only 40 liters per 
person each day in 2008, due in part to increased population. Many residents use 
open wells, either as their primary water source or to supplement that from the 
piped, municipal supply. Such wells are prone to contamination through poor 
construction and are at risk of contamination by flooding, which can be exacer-
bated by mining activities.42

Most of the diseases identified in Tarkwa were water related. The main sani-
tation issues we identified from the research were lack of proper waste disposal 
mechanisms and inadequate sanitation facilities.43 Diseases that were commonly 
reported by miners and surrounding communities include malaria, diarrhea, and 
various skin conditions, with many of the ASM operators interviewed indicating 
that they regularly suffered from recurrent episodes of malaria. They also reported 
that bouts of diarrhea were common, particularly among younger children. Miners 
reported various skin conditions, many of which reportedly worsened with expo-
sure to stagnant water while they were mining and washing minerals. Some inter-
viewees had weeping skin lesions medically diagnosed as Buruli ulcer, which is a 
common condition in the Tarkwa area. While Buruli ulcer is prevalent in areas 
subject to rapid environmental change such as those subject to logging, irrigation, 
agriculture, mining, and dam construction, it is also prevalent in environments 
with poor water quality and in arsenic-rich aquatic environments.44 Tuberculosis 
and mercury poisoning are also prevalent within ASM communities.45 Our inter-
views highlighted the commonality of disease incidence between surrounding 
communities and the miners themselves.

Water is polluted by ASM activities, mainly through mercury use, uneconomi-
cal mineralized rocks (waste rocks), and the slurry that remains after gold extraction 
(tailings). Most interview participants acknowledged that no proper means of waste 
disposal were available, meaning that they dumped waste anywhere at ASM sites 
and in the nearby communities, with this waste later finding its way into local water 
bodies. The waste material contains heavy metals such as mercury and cyanide. 
In addition to contaminating the water bodies through bio-accumulation, these 
metals become health hazards when consumed through water or fish from these 
water bodies.46 While the effects of direct mercury ingestion and exposure, such 
as neurological disorders, kidney dysfunction, and immune-toxicity/autoimmune  
dysfunction, are well documented, along with its ability to cross the placenta caus-
ing significant birth defects, many ASM operators remain ignorant of the health 
and safety implications of mercury use and its disposal.47 The widespread ASM 
practice of using mercury in the gold amalgamation process, in combination with 
lack of access to health and safety information regarding mercury use, and general 
reluctance among those involved in ASM to utilize either retorts or mercury-free 
extraction processes, increases the vulnerability of women and children within 
local communities.

Desktop findings of this research revealed that while availability and access to 
natural water bodies, including surface water and groundwater, is relatively high, 
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access to clean water is low. Some township residents are unable to access treated 
and piped water, so they rely on streams and rivers for domestic use. It is common 
practice for users to buy water from vendors, including water to drink. Water is a 
vector of diarrhea, malaria, cholera, and Buruli ulcer, which are diseases prevalent 
in Tarkwa. Notwithstanding the threats, access to water is essential to maintain the 
livelihoods of ASM miners. Coupled with the poor sanitation in Tarkwa and its 
surrounding informal mining sites, this indicates that there is a clear opportunity to 
create awareness on the use of clean water, improved sanitation, and better hygiene 
practices to prevent outbreaks of water-related diseases. For example, a reported 
outbreak of cholera in Tarkwa in November 2012, infecting 140 cases in 2 weeks 
and resulting from poor sanitation in the district, was said to be a recurrence of 
an annual event.48 This outbreak reinforces the need to improve water, sanitation, 
and hygiene support services and facilities, which would promote the health of all 
miners, including women, and thereby increase their productivity and reduce their 
poverty and vulnerability.

We confirmed other studies that have found that the same water is used for 
washing and drinking at the mine sites and in the communities.49 Miners combine 
mercury with a substantial amount of water to extract the gold; this water source 
is also used in the communities. In addition, the miners work partly submerged in 
dirty water that they have used for mineral washing, and their clothes are wet the 
entire time they are on a mining site. Asamoah found that most mining communi-
ties in Ghana are established close to water bodies, forests, and places where water is 
accessible, with streams and rivers providing communities with livelihood essentials 
such as water for cooking, drinking, farming, building, recreation, and aesthetics.50 
In combination, these factors highlight the importance of a focus on water when 
considering health, safety, and sanitation in ASM, and underpin the links between 
occupational health and safety and water supply, sanitation, and hygiene.51

Understanding community culture, attitudes, and belief systems might help to 
clarify the behavior of those involved in ASM and surrounding communities and 
highlight what might motivate them to change their behavior, especially with 
regard to sanitation and hygiene. Understanding and meeting local demand as well 
as behavioral change are key elements to bringing about sustainable water, sanita-
tion, and hygiene improvements in any community, including ASM communities 
and slums, and enable promotion of services and facilities that are acceptable, afford-
able, and appropriate to the local conditions. Women are widely acknowledged 
by those working in the water, sanitation, and hygiene sector as being particularly 
disadvantaged and at particular risk, and therefore in need of special consideration 
in planning and implementing improvements.

More water- and gender-related health and safety issues: 
fieldwork findings

Building on the IM4DC action research findings, fieldwork conducted on an 
ASM site in 2015 provided us with the opportunity to better understand some of 
the water-related health and safety issues faced by women miners in the Tarkwa 
region. Typical of gender-based ASM activities, the women interviewed were 
engaged in heavy manual work, often carrying up to 30 kilograms of ore materials 
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in metal pans on their heads. The men on site were largely responsible for operating  
the machinery, including crushing machines and sieves, and mercury-based amal-
gamation. The women reported that this work was in addition to their domestic 
responsibilities. These overlapping duties created additional exposure to water-
related health and safety issues. Despite minimal earnings, their financial contribu-
tion was essential to household income for payment of items such as school fees 
and medical expenses.

A number of the women indicated that they worked throughout their pregnan-
cies and subsequent breast feeding (meaning that small children were often on site), 
usually undertaking the same workload as pre-pregnancy, including gold amalga-
mation off site. The women reported suffering miscarriages, but there are no data 
that establish a link between miscarriage and mining activity. All of the women 
displayed slow healing and infected cuts and abrasions on their feet and their hands; 
most of the injuries were the result of digging with their bare hands in mud and 
dirt on the mine site, and working in often-stagnant pools of water. Many reported 
itching skin and skin rashes that worsened when they had to work in water, with 
Buruli ulcer being a very common water-related skin condition. The women also 
reported eye and throat irritations from contact with dust, mud, and contaminated 
water on site. With no sanitation or washing facilities on site, the women indicated 
they avoided drinking water. When they needed to urinate or defecate, they went 
into the surrounding bushes.

Many of the women interviewed indicated that they knew that their work 
practices were damaging to their health and compromising their safety, but admit-
ted they did not know the extent of the damage they were exposing themselves 
to, or the longer-term implications of their work, nor did they know where to 
go to get reliable advice on how to look after their health. They had a strong 
desire to know more about the health and safety issues they were exposed to 
and the implications these issues had for their health and well-being and that of 
their families, in particular the effects on their children and the communities in 
which they lived. Many reported a feeling of marginalization, with the associated 
implication that they were not worthy of receiving appropriate health and safety 
advice and interventions.

Discussion

Like many developing countries, Ghana faces governance issues that endanger 
water-related health, safety, and sanitation in ASM. Although Ghana has been 
known for its mining legislation that is inclusive of the ASM sector, legal provisions 
have been often criticized as being insufficient in addressing the needs of the com-
munity, protecting the environment, and legalizing the mining operations.52 Small 
mining companies can obtain a license that allows them to divert and impound 
water from rivers and streams as outlined in Article 17 of the Minerals and Mining 
Act of 2006. This can compromise both social and environmental sustainability of 
valuable water resources and, in turn, could lead to communities and the environ-
ment deprived of access to water. Our review of Ghanaian policies and regulations 
highlights the decentralized and cumbersome processes involved in obtaining a 
small-scale license. This difficulty drives miners toward illegal mining operations, 
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contributing to the existing adverse environmental effects such as water pollution 
and unsafe work practices.

As noted earlier in this chapter, several socioeconomic, institutional, and politi-
cal parallels exist between ASM communities and those living in slums. Buxton 
suggests three key facets of ASM: vulnerability (economic, natural/physical, and 
sociopolitical), marginalization (geographical and political), and informality; these 
facets also apply to slums.53 Urban slums are usually characterized by the absence 
of formal tenure for residents, inadequate infrastructure and services, overcrowded 
and substandard dwellings, location on land that is unsuitable for occupation (e.g., 
low-lying and prone to flooding, or on steep slopes prone to landslips), and lack of 
formal recognition by local authorities. Most slum dwellers are considered squat-
ters, without the formal right to occupy the land where they live. In a similar way, 
mineral tenure—the right to mine a particular piece of land—is a key issue in 
ASM. Without such tenure, in both cases, the potential tenure holder is unlikely 
to invest in improvements, for example in equipment or in upskilling in ASM, or 
in improved housing and related infrastructure (including water supply, sanitation, 
and electrical connections) in both ASM and slums. As Sinding writes, informal 
miners live “on the fringes of or completely outside the law, ignoring factors such 
as existing property rights, environmental regulations and taxation systems.”54 The 
same applies to slum dwellers. Miners in the informal sector might be in conflict 
with large-scale miners for the same resources.55 Likewise, slum dwellers are often 
in conflict with landowners, who might be government or private, for rights to the 
land they are living on. Both those involved in ASM and slum dwellers live unsta-
ble lives, with the possibility of eviction. Small-scale miners cannot exist without 
protection of some sort in their living and working conditions; similarly, protec-
tion systems, in the form of influential people, who are often connected with local 
politicians, exist in slums, even though they are extralegal.56 Informality, in both 
ASM and slums, implies possibilities for corruption and bribes, especially with offi-
cials who sometimes act as powerful brokers that overlook the illegal status.

ASM remains largely ignored by the international development sector. 
According to Hilson and McQuilken, “More than four decades after entering the 
international development lexicon, ASM remains on the periphery of poverty alle-
viation and local economic development policy.”57 Recognition of the significance 
of urban slums and interest in their development is growing among international 
development agencies and professionals, however. Slums house nearly 1 billion 
occupants worldwide, and are expected to be the center of the highest popula-
tion growth in the near future. This is particularly the case in Africa, where the 
United Nations Human Settlements Programme estimates that 62 percent of urban 
dwellers (213 million people) were living in slums in 2012, and that this number 
will probably grow to at least 300 million by 2030.58 Given this case, what can we 
learn from development activities and processes in slums, in particular in the water, 
sanitation, and hygiene sector? In particular, which lessons would improve health 
and working conditions in ASM communities?

As Hilson and McQuilken conclude in their review of the situation of ASM in 
sub-Saharan Africa, ASM as a people-centered activity needs to be much better 
understood in order to help those people to improve both their livelihoods and the 
environment in which they live and work.59 There is also a growing understanding 
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that slum development must be based on a thorough understanding of the local 
context: Kennedy-Walker and colleagues, who undertook studies in slums in 
Lusaka, Zambia, with a focus on sanitation, stress that a good understanding of 
power, politics, and history is essential to creating effective strategies for work in 
the slums.60 Similarly, McGranahan has summarized and discussed three key and 
related challenges in making improvements in sanitation in slum areas: collective 
action, coproduction, and tenure.61

Many authors on water and sanitation improvement, including Kamal Kar and 
Robert Chambers, have acknowledged that collective action is key to achieving 
widespread sanitation improvements in villages, for example through community-
led total sanitation to eliminate defecation in the open and thus to achieve significant 
improvements in public health for all. Even though the public health imperative is 
even stronger in densely populated slums, and there is a strong demand for better 
facilities and services—especially among women and girls who suffer enormous 
indignity, as well as abuse and sometimes violence, from the need to defecate in 
the open—such collective action is generally more difficult in the heterogene-
ous communities found in slums than in traditionally based rural communities.62 
McGranahan cites two successful examples, in informal settlements in Karachi, 
Pakistan; and in Mumbai and Pune, India.63 The first example involved concerted 
attempts to organize the local community, led by a charismatic community devel-
opment worker, to build and manage low-cost sewers, which the local authority 
eventually allowed to be connected to the city’s main sewers. In the second exam-
ple, in Mumbai and Pune, an alliance of organizations working with slum dwell-
ers organized the residents to build and manage community toilet blocks. Both 
examples demonstrated that the collective nature of the problem could become 
part of the justification for collective action. The same principle applies to develop-
ing services and facilities to deliver better health, water supplies, and sanitation to 
ASM communities. Kwesi and colleagues give useful photographic evidence that 
sanitation conditions in some ASM communities in Tarkwa, the case study that 
we have considered in this chapter, are all too similar to those in many slums, with 
widely spread heaps of solid waste acting as sites for open defecation and attracting 
scavenging animals.64 The health implications are all too obvious, as is the need for 
collective action.

Coproduction is a term and a concept suggested by Elinor Ostrom, the econo-
mist who was awarded the Nobel Prize in Economic Sciences in 2009, to show 
how synergies between, for example, local government and civil society groups, 
can be used for more-effective development of services, including water and 
sanitation.65 Local authorities in relatively poor countries often do not have the 
resources nor do they recognize the incentive to improve services in informal set-
tlements. If slum residents work collectively with the local authorities, however, 
better services for residents should result. In return, public agencies should be 
able to improve public behavior from some of their most impoverished citizens. 
Coproduction in the example of community toilet blocks in India discussed above 
involves the community managing the day-to-day functioning of the toilets, while 
the authorities take responsibility for regular, safe disposal of the resulting fecal 
waste. A conscious process of coproduction in such contexts should create social 
capital and improve relations between public service users and their governments. 
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This would be particularly beneficial where residents often see the authorities 
as a threat and authorities see residents as a nuisance or worse. Similarly, those 
involved in informal ASM, or galamsey as it is known in Ghana, are viewed as 
illegal by the authorities. Breaking down the barriers of suspicion, fear, and disap-
proval between authorities and informal miners should lead to valuable develop-
ments based on coproduction.

As noted above, tenure is a significant challenge to investments in services, such 
as sanitation. In some cases, governmental restrictions might not allow authorities 
to provide services to informal settlements, and in other cases they are allowed 
but not obliged to do so. Private utilities are very reluctant to provide services 
to poorer customers from whom they expect difficulties in recovering fees. 
Residents, whether tenants or landlords, who fear eviction are reluctant to make 
capital investments in facilities unless they are confident that they will be able to 
use them for a worthwhile period of time. Based on their research in the slums 
of Dakar, Senegal, Scott, Cotton, and Sohail suggest that informal and de facto 
tenure arrangements and not formal, legal tenure (de jure) are all that are necessary 
to encourage household investment in sanitation infrastructure.66 Perhaps similar, 
flexible approaches to mineral tenure could be found to facilitate acceptance of 
ASM activities and provision of services to improve health and safety.

Osumanu and colleagues provide a useful Ghanaian example of how water 
supply and sanitation improvements can be made in slums when they discuss the 
work of the local organization People’s Dialogue Ghana (PDG).67 PDG is a local 
affiliate of Shack/Slum Dwellers International, a global network of community 
organizations of the urban poor that aims to build the voice and collective capacity 
of those communities. PDG’s five key strategies in supporting slum dwellers are 
(1) building and organizing communities; (2) facilitating savings; (3) strengthening 
negotiating power; (4) establishing and providing a support base; and (5) bringing 
together communities and local government. Notice that many of these strategies 
align with the issues discussed by McGranahan.68 Martin Mulenga, in the preface 
to Osumanu and colleagues, summarizes the key findings of five similar studies in 
different countries, including a study of the PDG, and stresses the importance of 
collaborative working—within each community, between communities, among 
government and service providers, and between local and international members 
of Shack/Slum Dwellers International; of creative, adaptable, and appropriate 
financing mechanisms, including collective loans; of collecting and using data, and 
of monitoring and sharing information; and, finally, of finding ways to scale up 
successful interventions.69 All of these aspects of work with ASM communities 
need improvement in order to ameliorate health and safety. Authorities need to 
work collaboratively with NGOs and civil society, including ASM representatives, 
to develop workable and sustainable solutions to environmental health problems 
and dangerous working conditions in order to improve the social and economic 
lives of ASM communities and slum dwellers.

Conclusion

A water-related focus is key to identifying opportunities for considering and tackling 
issues related to health, sanitation, and safety faced by ASM and affected communities.  



ASM health and safety 277

The principles behind management solutions and pathways presented in this  
chapter can help frame the sustainable development context according to the rel-
evant needs of the resource sector today. In the shift from the MDGs to the SDGs, 
short-term deliverables can be converted into meaningful targets that prioritize 
human welfare.

Safe and healthy working conditions come at a certain price for ASM miners 
and their families. It is only when our knowledge network is shaped by an under-
standing of the vulnerable, marginalized, and informal nature of the sector that 
we can collaboratively set targets that are meaningful, achievable, and sustainable.
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certification schemes and standards 
for responsible mining in Africa

Renzo Mori Junior

In brief

 • African countries have an abundance of natural resources but low levels 
of human development. To address substantially unregulated mining 
practices, sustainability certification schemes and standards, most of 
them voluntary, are emerging organically and rapidly. In the wake of this 
fast growth are questions about their effectiveness in delivering sustain-
able economic, social, and environmental outcomes.

 • Sustainability certification schemes and standards are valuable instru-
ments with potential not only to deliver positive outcomes, but also 
to drive change and share the wealth of the mining sector equitably 
beyond the mining life cycle.

 • As global interest has grown in how the extractive industries both fail to 
deliver sustainable growth and fuel conflicts, development of different 
governance initiatives, such as sustainability certification schemes and 
standards, has also grown.

 • This chapter provides a literature review to identify and assess the 
challenges and to reflect on how sustainability certification schemes 
and standards can be used as instruments to deliver positive outcomes 
in Africa.

Introduction

Africa is well known for having abundant economically valuable mineral resources. 
The continent is believed to contain a significant percentage of the world’s min-
eral reserves and has the largest or second-largest reserve of bauxite, chromite, 
cobalt, industrial diamonds, manganese, phosphate rock, platinum-group metals, 
soda ash, vermiculite, and zirconium.1 Mineral resources can have different impli-
cations for and impacts on the communities, regions, and countries where min-
ing activities take place, however. Although the abundance and exploitation of 
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mineral resources with high economic value could in theory contribute positively 
to Africa’s development, in practice these mineral resources have not been success-
fully converted into human development and improvements.2

The African Union and United Nations Economic Commission for Africa uses 
the term paradox of Africa’s mineral wealth to refer to the mineral wealth of the con-
tinent and the persistent poverty of the majority of its people.3 Haglund provides a 
similar statement, and uses the term resource curse to explain how extractive indus-
tries often fail to deliver sustainable growth in Africa.4 Instead, those industries 
have negative impacts, such as drawing skilled workers away from other industries 
into the mining sector, fewer jobs than expected, jobs that are less suited to local 
communities, and the unpredictable nature of governments’ revenues from the 
industries, which increases the risk of corruption. Various studies have adopted 
different approaches to document this correlation between mineral wealth and 
negative outcomes, associating the term resource curse with the corruption, poverty, 
slow growth, inequalities, and violence that beleaguer African countries.5

This contrast between countries that are rich in natural resources yet have 
low levels of per capita GDP and human development has been demonstrated 
through different international rankings and indexes. For instance, of the twenty 
countries with the lowest per capita GDP in 2016 eighteen were in Africa; of 
the twenty countries with the lowest Human Development Index rankings in 
2016, nineteen were in Africa.6 Some of those countries have substantial min-
eral resources, including the Democratic Republic of the Congo (DRC), Sierra 
Leone, and Mozambique.7

The mining sector plays a significant role for much of Africa, but despite the 
boom of mineral commodity prices and investments that began in 2003, African 
countries continue to export primary commodities; in doing so, they are supplying 
developed and industrialized countries without providing adequate returns to the 
continent.8 A significant share of the mines in Africa are owned and operated by 
foreign companies and most of the minerals are exported in raw form; in addition, 
the industry imports most of its inputs from abroad.9

It is important to highlight the importance and relevance of artisanal and small-
scale mining (ASM) in the African context, including its economic, social, and 
environmental impacts. Usually, ASM miners turn to mining either as their sole 
source of income or as part of a diversified strategy to earn a livelihood. These 
miners use rudimentary exploration and extraction techniques, thereby limiting 
their earnings. Millions of Africans depend directly or indirectly on ASM for their 
livelihood, but it is often associated with significant adverse social and environ-
mental impacts and with low contribution to national revenues.10 In this context, 
the importance of the ASM sector is frequently underestimated.11

As global interest has grown in how the extractive industries both fail to deliver 
sustainable growth and fuel conflicts, development of different governance initia-
tives, such as sustainability certification schemes—and standards, has also grown.12 
These governance initiatives aim to build collective responsibility for clean global 
mineral trade to provide accountability for civil society actors and to enable 
companies and governments to demonstrate that they are operating responsibly. 
Sustainability certification schemes and standards are a relatively new practice that 
emerged in the early 1980s and has grown fast since then. The International Trade 
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Centre—Standards Map, an online platform that enables users to explore and 
compare sustainability certification schemes, provides information on more than 
170 schemes addressing sustainability in global supply chains.13 These certification 
schemes address a wide range of aspects, activities, products, objectives, and sec-
tors, including minerals and mining activities. In the mining sector, this practice 
emphasizes transparency and accountability of natural resource exploration prac-
tices, and addresses increased societal concerns about environmental destruction, 
human rights, conflicts, pollution, and social inequalities.14

These initiatives that use standards to define practices and assess sustainability 
performance could improve the performance of mining activities and fill the gap 
created by the absence of regulation. In addition, such initiatives have the capacity 
to foster local development and capacity building.

Several authors have explored and discussed the benefits and challenges faced 
by sustainability certification schemes and standards and how these initiatives can 
deliver positive economic, social, and environmental outcomes. Although these 
initiatives have grown quickly since the early 2000s, to date there have been few 
attempts to comprehensively synthesize the literature regarding sustainability cer-
tification schemes and standards in mining and their impacts, in particular consid-
ering the challenges in the African context. This chapter addresses the need for 
synthesis, and provides a literature review to identify and assess the challenges and 
to reflect on how sustainability certification schemes and standards can be used as 
instruments to deliver positive outcomes in Africa. I identify four main challenges 
to improve the effectiveness of certification schemes and standards: ASM formali-
zation, interoperability, local development, and consequences of non-compliance 
and sanctions.

Artisanal and small-scale mining formalization

Most difficulties in controlling the mineral trade in Africa are associated with the 
illegality of ASM. Many proposals and interventions for regulation have been sug-
gested and developed but with limited success. Different authors have provided 
reasons for these failures: Childs mentions the poverty cycle that traps ASM min-
ers who use inadequate technologies that cause negative social and environmental 
impacts and low productivity levels, resulting in low levels of income. Garrett, 
Mitchell, and Levin studied internal and external trade mechanisms in artisanally 
mined diamonds in the DRC and Sierra Leone, and point out that the main rea-
son these proposals and interventions fail to deliver positive outcomes is that they 
have not taken into account existing trade mechanisms and systems and have not 
provided sufficient resources to the institutions that must impose the new systems 
over those already in place.15 Childs, Garrett, Mitchell, and Levin suggest that a 
different approach that seeks to remove penalties for the informal sector and at the 
same time incentivizes formalization should be adopted.

After assessing mineral resources and Africa’s development strategies, the 
African Union and United Nations Economic Commission for Africa provided 
an interesting recommendation to improve interoperability between ASM and 
large-scale mining. These authors recommend that cooperation between ASM 
and large-scale mining operations should be encouraged in order to convert 
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ASM into viable operating enterprises through a pragmatic approach that would 
distinguish marginal from potentially viable ASM operations.16

After studying Certified Trading Chains in the Great Lakes Region in 
Rwanda, Franken and colleagues assert that fostering ASM formalization of sus-
tainability certification schemes can be a fundamental tool for development in 
ASM communities.17 Such schemes have the capacity to foster good governance 
and progressively transform and formalize informal mining and trading. Indeed, 
according to Franken and colleagues, formalization is a prerequisite for achieving 
transparent recording of production and trade, improving governance, and reduc-
ing conflicts associated with the mining sector.

Some researchers have pointed to the development of mining cooperatives as 
an instrument with potential to reduce illegality and deliver positive outcomes 
for local mining communities. After studying the Peace Diamond Alliance inte-
grated management initiative in Sierra Leone, Maconachie and Binns find that 
mining cooperatives play an important role in addressing the problems of equity 
by improving benefits for the diggers, creating transparency in mining, promot-
ing realistic trading agreements in the industry, enhancing realistic prices, and 
promoting wealth creation.18 Cooperatives also have the capacity to engage with 
the community and increase their participation in minerals management, mobi-
lize local surveillance, minimize corruption, enhance government capacity, and 
reform policies.

In this context, Garrett, Mitchell, and Levin recommend that the process of 
formalizing ASM should be progressive, proceeding through an understanding of 
the sector with the goal of increasing the regulatory capacities of the state. Trading 
structures should adopt an approach that facilitates and improves existing trading 
structures to make them more desirable and to make trading structures more cost-
effective for operators to work legally, rather than pursuing a control approach. 
Garrett, Mitchell, and Levin also suggest that governments should implement alter-
natives to connect miners with markets, and that Governments should work with 
financial institutions to should develop initiatives to encourage the use of bank-
ing systems, which can provide appropriate and reliable services, and to formal-
ize financial transactions. Perks, after reviewing the mineral dynamic of conflict 
minerals in the Great Lakes Region of Central Africa, similarly suggests that two 
of the more important aspects of the solution are improved organization of ASM 
and active political will.19

Regarding the formalization of ASM and the use of sustainability certification 
schemes and standards as an instrument to deliver positive outcomes in Africa, 
Childs recommends that, to succeed, these initiatives need to articulate a better 
understanding of ASM demographics, and emphasize a participatory approach.20 
This participatory approach should consider the complexity of ASM relationships 
with different stakeholders, attempt to understand the motivations of illegal miners, 
consider the involvement of socially and economically marginalized stakeholders 
in making decisions over their lives, and be based on more-accurate and more-
reliable data. In fact, according to Childs, without those considerations, initiatives 
will continue to fail.

Hilson suggests a different approach.21 Examining the fair trade gold certifica-
tion scheme in sub-Saharan Africa, Hilson suggests that rather than just working 
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toward putting artisanal miners into direct contact with Western jewelers and/or 
retailers, the fair-trade gold scheme should emphasize the lack of good govern-
ance and transparency and the informality of and complications with purchasing 
arrangements, among other aspects. Hilson suggests that host governments are the 
true end consumers and rejects the idea that the solution to the ASM mining 
problems in sub-Saharan Africa should be based on increased interactions between 
miners and retailers. Among other things, Hilson recommends that fair trade gold 
certification schemes should help miners to access assistance programs and vital 
support services such as technologies and legitimate credit, as well as to enable 
governments and donor bodies to address social and environmental problems in 
mining communities and to foster development of a transparent, credible, and 
functional network of ASM cooperatives.

Attention should also be paid to the side effects of sustainability certification 
schemes in the ASM sector. Exploring the sourcing of tin, tantalum, tungsten, and 
gold from the DRC, the Business for Social Responsibility (BSR) points out that 
certification schemes could exacerbate inequalities by allowing only those partici-
pants with the financial and technical capacity to be certified to reap the benefits of 
being certified, thus reducing local development opportunities.22 BSR states that 
because of the complexities and difficulties in tracing minerals through the supply 
chain of the ASM sector in the DRC, smelters might choose to source only from 
larger mines to guarantee their compliance with international conflict-free supply 
chain regulations (e.g., the Dodd-Frank Act), thus excluding ASM sites from the 
global supply chain.23 BSR recommends improved understanding of the regional 
context of the ASM sector to ensure not only that the trade of conflict minerals is 
avoided, but also that the ASM sector continues to be included in the global supply 
chain economy and continues to improve its sustainability performance.

Schure and colleagues examined the institutional framework of artisanal mining 
in the Congo basin and came to similar conclusions.24 They recommend that, in 
order to develop effective mechanisms to foster local and regional development, 
institutions need to take into account the local organizations, vulnerable groups, 
interests of multiple actors, and the fact that the majority of the miners combine 
mining with other activities (e.g., agriculture, fishing, or harvesting forest prod-
ucts) to earn a livelihood. They also recommend an integrated approach, in both 
the forestry and mining sectors, to maximize positive outcomes.

It is important to highlight the role governments, mining companies, and con-
sumers have in ensuring that compliance and concerns with conflict-free supply 
chain regulation or certification schemes and standards do not contribute to the 
exclusion of vulnerable stakeholders—in this case ASM miners—by limiting their 
access to the global market. Equally important, sustainability certification schemes 
and standards should address the complexity of relationships in the ASM sector and 
their causes and effects in the local context in order to be effective in delivering 
sustainable and fair local development in the long term.

Governments, financial institutions, schemes, and business associations should 
use a progressive understanding approach considering the local context and explor-
ing sustainable development opportunities rather than an immediate command-
and-control approach. For example, policymakers and schemes could identify and 
foster collaboration between large-scale mining companies and ASM communities, 
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provide formalization and traceability incentives of minerals, develop and improve 
relevant legislation and institutions, develop and implement capacity-building pro-
grams, and adopt a more-transparent and more-accountable approach.

Interoperability

The term interoperability refers to whether a sustainability certification scheme 
or standard recognizes or references any other certification schemes or standards 
within its own processes, as well as legal requirements, guidelines, international 
protocols, and regulations. Interoperability has the potential to reduce costs and 
amplify the outcomes achieved by individual schemes through coordination and 
sharing of knowledge and practices.25

According to Vlassenroot, sustainability certification schemes and standards 
should explore opportunities for coordination and cross-recognition to maximize 
synergies, reduce costs and bureaucracy, and increase legitimacy and reach. In 
a similar vein, Cuvelier and colleagues state that there is a lack of coordination 
between different schemes and suggest that schemes need to coordinate activities, 
share resources and data, and develop joint efforts for a more transparent mining 
sector in the DRC.26

Better coordination and harmonization of data among different certification 
schemes and standards is the key to minimizing overlaps and unproductive informa-
tion overflow. Brockmyer and Fox made recommendations for the representatives 
of sustainability certification schemes and standards and participating governments 
to improve their relationships with each other in order to facilitate communication 
and knowledge sharing.27

Bleischwitz, Dittrich, and Pierdicca studied implications for certification schemes 
in Central Africa, and provide a similar comment. They highlight the importance 
of coordination and harmonization of data for minimizing overlaps and unpro-
ductive information overflow among certification schemes and standards. They 
also state that interoperability between governance initiatives and international 
laws and regulations is important for promotion of transparency, certification, and 
accountability. Similarly, Bone, after assessing the Kimberley Process Certification 
Scheme (KPCS), advocates more-effective cooperation and collaboration within 
and between governments to improve the effectiveness of the KPCS.28 Bone high-
lights the important role governments play in the KPCS context and states that 
cooperation is fundamental for addressing current and future risks to the credibility 
of the KPCS.

Indeed, Young, studying certification approaches for conflict minerals and  
conflict-free minerals, states that by working together manufacturing companies 
can avoid the need to maintain independent compliance programs and thus are 
able to share costs and efforts.29 The same principle could be applied to certification 
schemes and initiatives: by working together these they can improve their own 
effectiveness by reducing the number and duplication of requests to participants, 
which will directly affect compliance costs and effort.

In conclusion, the existence of different sustainability certification schemes or 
standards does not guarantee good outcomes unless sustainability certification schemes 
and standards cover the entire value chain. The lack of interoperability among these 
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initiatives could lead to lower levels of stakeholder confidence, reducing acceptance 
and increasing confusion. In addition, the existence of numerous schemes with dif-
ferent requirements could lead to high compliance costs, greenwashing, schemes 
with loose performance standards, and lack of credibility.

Previous studies have alerted us to the overlap and low level of interoper-
ability between sustainability certification schemes and standards; and between 
sustainability certification schemes and standards and existing legal requirements, 
guidelines, international protocols, and regulations in the mining sector.30 One 
of the main challenges that sustainability certification schemes and standards face 
in terms of interoperability lies in the different design characteristics, scope, par-
ticipants, and aims among them. Without common understanding, compatible 
assurance processes, and equivalent requirements, cross-recognition and referenc-
ing is compromised.

Local development

Some sustainability certification schemes and standards in the mining sector 
state that one of their priorities is fostering and delivering local development. 
Stimulating local development in mining communities is also one of the moti-
vations for ASM certification schemes. The development and implementation 
of mechanisms to identify and support vulnerable stakeholders (in this case local 
communities affected by mining activities) are regarded as good practice by the 
literature on the effectiveness of sustainability certification schemes and standards. 
In her assessment of mineral development and trade strategies in the Great Lakes 
Region of Central Africa, Perks identified that many strategies have focused more 
closely on security aspects than on an economic development agenda. Bone and 
Amnesty International point out that the sole focus of the KPCS is on avoiding 
conflict diamonds, rather than on incorporating other important aspects such as 
local development, environmental protection, and human rights for both diamond 
miners and local communities.31

Sustainability certification schemes and standards should play an important role 
in delivering local development. Sustainability certification schemes and standards 
should develop and implement programs to provide finance and technical sup-
port, deliver capacity building, and improve accessibility. Perks states that mineral 
permits, financial services, and technological assistance are necessary to foster local 
development. Pact also made an important statement about the importance of 
initiatives reinvesting mining revenues in improved income-generating activities.32 
Such initiatives and programs are fundamental to delivering local development not 
only during mining booms, but also during mining busts or downturns.

To illustrate this point, in their study of technical assistance initiatives and the 
conflict-free mineral chain certification scheme of the International Conference 
on the Great Lakes Region in the eastern DRC, Partnership Africa Canada deter-
mined that technical assistance, in this case an improved sluice, increased gold 
yields by 25–30 percent. Similarly, Haglund points out that skills training and 
customized advice on topics related to implementing schemes and self-assessments 
are crucial for producers to shape their own destinies and improve their competi-
tiveness by developing the quality of their products as well as their efficiency and 
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sustainability. ISEAL Alliance suggests that capacity building for data collection 
and management, for example, could be used as an instrument to deliver local 
development.33 Capacity-building programs allow producers to develop their pro-
duction, processing, marketing, and trading methods and therefore take ownership 
of their own livelihoods. Such programs leverage and multiply the impact of local 
community development initiatives by creating inclusive processes that improve 
commitment, build good relationships, and strengthen trust.

In relation to the role that sustainability certification schemes and standards can 
play to deliver positive outcomes, Maconachie points out that the KPCS has forced 
a large volume of illicit diamonds into official channels, thus increasing export 
earnings that are vital for the reconstruction of community structures and war-
damaged infrastructure. Smillie considered better knowledge of actual production 
and trade capacities, improved tax revenue, reduced illegality, reduced likelihood 
of conflict diamonds, and improved formalization to be benefits of the KPCS.34

Hilson assessed the case of Malawi’s Nyala rubies, which its suppliers describe 
as a fair trade gem, to illustrate how fair trade mineral programs can potentially 
be misbranded.35 Hilson concludes that the certification scheme in place, deliv-
ering Nyala rubies to markets, prioritizes the alleviation of consumers’ concerns 
about conflict minerals and human rights abuses rather than delivering benefits to 
local producers, such as small-scale gemstone miners in Malawi. Hilson recom-
mends that sustainability certification schemes and standards in the mining sector 
should consider the empowerment of small producers and be developed based on 
universal guidelines and baseline criteria debated and agreed on through a multi-
stakeholder approach.

From this perspective, it is important to emphasize the importance of a multi-
stakeholder approach. Positive engagement with different stakeholders allows 
sustainability certification schemes and initiatives to be more effective in develop-
ing solutions and to contribute in positive ways to development by considering 
regions’ contexts and singular particularities. For instance, after assessing the KPCS 
Bone states that a multi-stakeholder approach creates a sense of ownership and 
accountability that enables different stakeholders to believe that they have made an 
investment in something important and lasting.36 Furthermore, a multi-stakeholder 
approach increases stakeholders’ confidence in the scheme and improves legitimacy 
and credibility.

A multi-stakeholder approach could present some challenges, however. 
Inclusion of divergent stakeholder concerns and attempts to reach consensus or 
a simple majority vote can be challenging and create delays. ISEAL Alliance sug-
gests that it is important to determine the most appropriate occasion to engage 
with stakeholders so as not to engage stakeholders unnecessarily at the expense of 
efficiency. Global Witness defends the idea that due diligence processes of sup-
ply chains, conducted by downstream organizations, are quicker than certification 
schemes at tackling the trade of conflict minerals in Africa.37

The lack of transparency around the reporting and decision-making processes 
of sustainability certification schemes and standards in the mining sector is another 
issue that some authors criticized, saying that it affects the schemes’ capacity to 
foster local development: Bone argues for greater transparency of the KPCS 
with regard to reports and decision-making processes. Mori Junior, Franks, and 
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Ali argue that transparency is one of the key issues for an effective sustainability  
certification scheme. Indeed, Bleischwitz, Dittrich, and Pierdicca say that the 
importance of initiatives to foster and improve transparency should be supported 
because those initiatives have a positive impact on markets and against corruption. 
Maconachie and Binns say that to be effective in Africa, to deliver positive out-
comes, and to be more accountable, however, such initiatives must consider the 
local context and must develop instruments that support governments with finan-
cial, technological, and skilled human capacity constraints. Without such support, 
the development of good governance and accountability is likely to take many 
years, especially in countries emerging from a long period of conflict.38

Although the literature has provided several guidelines and recommendations 
for improving practices, in some circumstances specific regional contexts could 
represent real challenges. For example, Maconachie states that it is a significant 
challenge to include civil society actors in Sierra Leone in equitable participa-
tion because the power structures of Sierra Leonean society remain hierarchical 
and highly inequitable.39 Maconachie highlights the existence of many powerful 
groups with a vested interest in continuing to exploit diamond reserves illegally as 
an additional challenge that sustainability certification schemes and standards have 
to overcome.

Sustainability certification schemes and standards must now rise to the challenge 
of responding to stakeholder pressure to deliver positive outcomes and to foster 
local development in a transparent and accountable manner. The specific chal-
lenges lie in how sustainability certification schemes and standards can understand 
and recognize community values, how different stakeholders should be involved 
and participate, how programs can address regional contexts, and how sustainabil-
ity certification schemes and standards representatives can monitor and improve 
the efficiency and effectiveness of these programs, such that they provide lasting 
tangible positive impacts for local communities affected by mining in a transparent 
and accountable manner.

Consequences of non-compliance and sanctions

Consequences and sanctions for non-compliance offer an incentive for partici-
pants to be in compliance and are important for guaranteeing the credibility of 
sustainability certification schemes and standards. The ISEAL Alliance states that 
sanctions can be seen as an incentive to conform rather than an attempt to penalize 
participants.40 Furthermore, the lack of consequences and sanctions in situations 
of non-compliance can affect stakeholders’ perceptions and their levels of trust, as 
well as participants’ enthusiasm and interest in compliance.41

After assessing 15 sustainability certification schemes in mining, Mori Junior, 
Franks, and Ali found that only 60 percent of the schemes analyzed have conse-
quences and sanctions for situations of non-compliance in place and publicly avail-
able, although they are an important aspect of good practice. Similarly, Partnership 
Africa Canada has criticized the KPCS for having situations of non-compliance that 
did not result in consequences, affecting stakeholders’ level of trust in the KPCS 
and the transparency of its processes. Regarding this situation where the credibility 
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and the level of stakeholders’ trust in the KPCS were affected, Smillie recommends 
that the KPCS should go back to basics and reexamine its purpose and the meth-
odologies that KPCS has chosen to achieve it.42

In this context, Pact, in its assessment of the ITRI Tin Supply Chain Initiative, 
suggested that governments in the DRC, Rwanda, and Burundi should make use 
of penalizing infractions in a timely and appropriate manner as a way to maintain 
market confidence. Acosta provided a similar recommendation.43

Although the use of sanctions in a timely and appropriate manner could help 
to maintain market confidence and credibility, governments should assess the neg-
ative impacts of such sanctions beforehand to reduce any negative side effects. 
Hilson and Clifford, after assessing the temporary suspension of diamond exports 
from Akwatia, Ghana, in 2006 and 2007 under the KPCS requirements, pro-
vide an interesting example. They argue that even though the suspension facili-
tated improvements in the diamond monitoring system in Ghana (i.e., the system 
of paperwork to track diamonds to their source) it had catastrophic economic 
impacts in Akwatia: “The city that was once a vibrant diamond-trading centre 
populated by hundreds of buyers, merchants, miners, and traders is now an eco-
nomically depressed township.”44 Hilson and Clifford also mention that confi-
dence in Ghana’s small-scale diamond sector as a whole has suffered in response 
to this sanction.

Cuvelier and colleagues, after assessing the impacts of the Dodd-Frank Act in 
the DRC, present similar findings.45 They point out that the Kabila, DRC, mining 
embargo in 2010 provided some positive impacts, such as improving awareness of 
the urgent need to address negative aspects of the mining industry, speeding up the 
process of mining reform, and stimulating involvement in due diligence initiatives. 
It had a paralyzing effect on the regional economy and a negative impact on living 
conditions in eastern DRC’s mining sites and urban centers, however.

Sustainability certification schemes and standards should define and make pub-
licly available how sustainability certification schemes and standards will address 
situations of non-compliance and the corresponding sanctions that will accompany 
continued non-compliance in order to ensure credibility. Sustainability certification 
schemes and standards should clearly inform all participants and key stakeholders of 
what constitutes non-compliance and the associated sanctions; sustainability certi-
fication schemes and standards should also confirm stakeholders understand non-
compliance. In addition, compliance assessments and the application of sanctions 
should be unbiased and based on procedures and processes that participants have 
predetermined and preapproved. The challenge here lies in how consequences of 
non-compliance and sanctions could be defined and applied to guarantee credibil-
ity without affecting accessibility and penalizing the more vulnerable stakeholders.

Conclusion

Although it has been difficult to convert the mineral resource wealth of the African 
continent into human development and local improvements, governance initia-
tives such as sustainability certification schemes and standards can play an important 
role in improving this situation. This chapter states that such governance initiatives 
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are valuable instruments with the potential not only to deliver positive outcomes 
and pay living wages for local communities, but also to drive change and share the 
real wealth of the mining sector with the more vulnerable players through a local 
development model that goes beyond the mining life cycle. These initiatives still 
need to improve their effectiveness and overcome challenges, however, to fully 
achieve their goals and bring about sustainable local development in Africa.

In addition to the four main challenges (ASM formalization, interoperability, 
local development, and consequences of non-compliance and sanctions) identified 
by this chapter through a literature review, it is important to highlight that sustain-
ability certification schemes and initiatives should extend the scope of sustainability 
certification schemes and initiatives beyond limited commodities, specific sectors 
of the trading chain, and large-scale mining.

Finally, the chapter emphasizes that societal awareness, of both sustainability 
and corporate social responsibility, is one of the key factors affecting the existence 
and effectiveness of sustainability certification schemes and standards. Without this 
market pressure for better outcomes and improvements, the success of such ini-
tiatives in converting the abundance and exploitation of mineral resources into 
human development in Africa would be seriously compromised. Therefore, con-
sumers, clients and business partners should pressure organizations operating in 
markets with weak governmental performance and low levels of transparency to 
adopt ethical approaches, and to avoid illegal or non-certified products in their 
supply chain, and/or to prevent illegal or non-certified products mixing with legal 
products along their supply chain.

To conclude, the success of a sustainability certification scheme or standards 
depends on the extent to which the initiative can understand and recognize 
the local context, manage stakeholders’ expectations, and deliver sustainable 
positive impacts with transparency and accountability. Here, “deliver sustain-
able positive impacts” means not only delivering positive outcomes for certified 
entities, but also to truly contribute to local development in the long term and 
beyond mining cycles.
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20 Field vignette
The Australia-Africa Minerals and  
Energy Group (AAMEG)

Trish O’Reilly

The footprint of the Australian resources sector on the African continent is  
significant. Australia is one of the top investors in mineral exploration in Africa with 
over 170 Australian companies developing or operating over 400 projects across 35 
African countries (AAMEG Research 2016). Australia’s two-way goods and mer-
chandise trade with Africa has increased over the past decade from around $6 billion 
in 2004–2005 to $8.5 billion in 2014–2015. It is estimated that 60 percent of Mining 
Equipment, Technology and Services (“METS”) companies in Australia export their 
services to African countries and these services are worth approximately $15 billion 
annually. Africa is important to Australia.

The Australia-Africa Minerals & Energy Group (AAMEG) is the leading mem-
ber association supporting the Australian extractives industry in dealing with non-
technical issues in their operations in the countries of Africa. The organization 
was formally incorporated in April 2011 with strong support from the Australian 
Federal Government.

AAMEG supports members operating in Africa by:

1 Being the voice of industry on member-driven issues:
AAMEG advocates publicly on behalf of its members interests and stresses 

the importance of Australia continuing its strategic engagement with Africa 
and changing the conversation from one of aid and dependency, to one of 
economic diplomacy and shared value impact.

2 Building the Australian government’s understanding of and support 
for the Australian resources sector operating in Africa, and assisting 
with engagement between the resources sector and government:

AAMEG provides a forum with a collaborative approach, that brings 
together industry, governments, academia and NGOs in order to more 
effectively deal with issues such as political and social risk, anti-bribery and 
corruption, health issues, security and human rights issues, capacity building 
initiatives, community development and social-licence-to-operate matters, 
meaningful engagement of communities and a range of other issues.

3 Building relationships with African governments and providing ven-
ues for collaboration on issues of common interest:

In order to increase engagement and opportunity for positive discussion, 
AAMEG has established Associate Membership for African Governments 
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and regularly meets with Australian and African Governments to provide the 
opportunity to facilitate strategic partnerships and dialogue including: facil-
itating discussion between Associate Members and Mining companies over 
operational issues; determine capacity-building opportunities in host countries 
that members can engage in; and determine opportunities for host countries to 
engage with Australian Governments, academia and NGOs.

4 Creating a forum for members to network and share operational 
experiences in order to strengthen the Australian resources industry 
operational capability in Africa;

AAMEG organizes a range of member forums including presentations, roundtables 
and workshops through which members can share their individual experiences and 
be better prepared to deal with what are often confronting issues. Below is a selec-
tion of subjects dealt with and the AAMEG members who led discussions:

 • Impact of HIV on the mining industry, Murdoch University, Perth.
 • Medical challenges you may face when doing business in Africa, International 

SOS, Perth.
 • On the take. . . the rise of fraud and corruption, PwC, Perth.
 • Management of Financial Crime Risk in Africa, PwC, Melbourne.
 • Dispute Resolution in Africa, Herbert Smith Freehills, Perth.
 • The Underlying Business Case for CSR, ACCSR Masterclass, Curtin 

University, Perth.
 • Development of GIS database related to west African Geoscience, SNL Metals 

& Mining, Perth.

A key focus of the organization is to actively supports international best practice. In 
particular AAMEG strongly supports Australia’s approach to the Extractive Industries 
Transparency Initiative, the OECD Guidelines for Multinational Enterprises and 
the Voluntary Principles on Security and Human Rights. AAMEG also supports 
the worthy aspirations of African leaders as expressed in the Africa Mining Vision 
(2009). In response to need we have developed a number of toolkits and hand-
books that promote international best practice, including, for example; A Social 
Aspects Management Handbook – Increasing Shared Value through better Business 
Practices, 2016.

AAMEG has a clear focus on community engagement and development. In 
terms of community engagement and benefits, mining can be something of a para-
dox. The establishment of a mining project in a remote jurisdiction can bring jobs, 
training, education and economic flow-on to a community otherwise estranged 
from the material benefits of big business. On the other side, however, mining can 
pose a threat to the local environment, displace residents, create wealth inequalities 
and disrupt traditional livelihoods and culture.

Resource companies operate in some of the most underdeveloped regions on 
earth. Many of the countries and communities in which they operate face signifi-
cant challenges in health, education, economic development, and basic infrastruc-
ture. Meanwhile, the extractives sectors present an opportunity for social change on 
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a massive scale: A number of the world’s twenty largest companies operate in these 
sectors. While the social imperative is clear, business too is imperative in improv-
ing interactions with host communities. Companies can lose billions each year to 
community strife.

Noting this, all sectors have a role to play and must look at the best way of 
achieving positive results for all and sharing the benefits. Shared value is an impor-
tant management strategy that has gathered significant momentum. Companies are 
increasingly recognizing the importance of business opportunities to respond more 
effectively to social problems. While philanthropy and aid focus on “giving back” 
or minimizing the harm business has on society, shared value helps focus company 
leaders on maximizing the competitive value of solving social problems in new 
customers and markets, cost savings, talent retention, and more.

More companies are now building and rebuilding business models around social 
good, which sets them apart from the competition. With the help of NGOs, gov-
ernments and other stakeholders, business has the power of scale to create real 
change on monumental social problems.

AAMEG provides the opportunity for companies to showcase good practice 
and to share these experiences for future learning and positive growth. We are 
committed to working collaboratively with industry, federal, and state govern-
ments, international organizations, NGOs and the education sector, with a key 
aim to enhance the capability and credibility of the Australian resources sector in 
Africa and to position Australian companies as partners of choice and employers 
of choice in the development of Africa’s resource potential and associated regional 
development initiatives.



21 Field vignette
Sourcing “conflict-free” minerals from 
Central Africa

Steven B. Young

Illegal mining and smuggling of tin, tantalum, tungsten, and gold has been rampant 
in and around the eastern Democratic Republic of the Congo (DRC) since at least 
the 1990s. The trade of these four raw materials—collectively labelled the “conflict 
minerals”—is associated with significant loss of life, severe humanitarian problems, 
and financing of armed conflict.

In the absence of conventional government-led solutions, a complex interna-
tional response has developed that relies on certification. Minerals sourced from 
government-confirmed conflict-free areas in the region are “bagged-and-tagged” 
with unique labels. A chain-of-custody record follows bags along transportation 
routes to local sorting, through international shipping ports, and ultimately to 
overseas smelters where tags are confirmed as conflict-free, and minerals are pro-
cessed and refining to metals and other useful forms. Minerals entering smelters 
from other regions of the world are also covered under conflict-free programs 
to provide due diligence that smuggled materials from the DRC are not flowing 
through other countries outside the high-risk areas in central Africa.

Two overarching governance mechanisms support this system. First, since 
2010, the OECD Due Diligence Guidance for Responsible Supply Chains of 
Minerals from Conflict-Affected and High-Risk Areas has provided a backdrop 
for governments and companies concerned about social and human rights in the 
DRC. Secondly, a United States regulation arising from the Dodd-Frank Financial 
Reform Act has, since 2012, required corporations listed on U.S. stock exchanges 
to report on their sources of tin, tantalum, tungsten, and gold that are used in man-
ufactured products. The government-based mechanisms mesh with the private-
sector certification approach provided by the “bag-and-tag” program in central 
Africa, and are further connected into private sector programs that link minerals to 
smelters to users of metals.

As a result of the network of management systems for conflict-free sourcing, tin, 
tantalum, tungsten, and gold from central Africa enter global supply-chains des-
tined for high-tech electronics and other consumer goods. Companies in the mul-
tinational electronics-industry are the main members of the Conflict Free Sourcing 
Initiative, whereas gold refiners in the London Bullion Metals Association follow 
their Responsible Gold Guidance, and the Responsible Jewellery Council serves 
manufactures and retailers of gold and gemstone products.

The benefits of responsible sourcing are diverse, but are most apparent down-
stream. Brand name end-user companies gain confidence about the provenance 
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of their materials, and use this information to meet regulatory obligations in the 
United States and to communicate about their responsibility to consumers and 
other stakeholders, for example, in corporate “Supplier Responsibility” reports. 
Through signals in the supply-chain, customer confidence and sales can be main-
tained. For example, the majority of smelters have signed-up to voluntarily par-
ticipate in programs (including subjecting themselves to annual audits): almost 100 
percent of tantalum producers, more than 60 percent of tin refiners, and most of 
the largest gold refiners are engaged.

Benefits upstream, on-the-ground in the DRC, are not as easily characterized. 
NGO reports suggest that conflict incidents at tantalum and tin mines have been 
reduced, whereas tungsten production is too small to judge. The United Nations 
reports that illicit gold mining and smuggling remains a challenge and, according 
the UN experts group as of 2016, continues to finance armed groups. Informal 
data suggest that non-certified minerals in the DRC and Rwanda have a price 
disadvantage of about 30 percent compared to minerals from confirmed suppliers 
that are part of the certification scheme. Better assessments of community and local 
economic outcomes need to be done, nonetheless, mining continues to be impor-
tant in the region and certification is part of their future.

Challenges and criticisms are notable. Numerous political and economic con-
cerns have been raised by companies, industry associations and politicians (especially  
in the USA where Dodd-Frank is being challenged). Observers point to the dif-
ficulty of administrating due diligence systems and the costs of auditing. This is 
particularly apparent in the DRC, where conflict minerals mining is mostly done 
by small-scale informal artisanal producers. The integrity of chain-of-custody of 
minerals from remote regions, and through multiple transport nodes, has also been 
a concern. Tags can be lost, stolen or counterfeit, and non-compliant materials may 
leak into the “conflict-free” supply chain. Thus, controls are not perfect. Moreover, 
the scope of coverage has been limited. Due to the US regulation the focus has 
been limited to only the four conflict minerals and only to risks in the eastern 
DRC, where mining and mineral trade contributes to financing armed conflict. 
Other regions and materials are overlooked. For example, there are parallel risks 
and concerns for other metals, like copper and cobalt, and in other regions, like the 
southern DRC, where mining is linked to human rights violations and forced labor.

Despite challenges and limitations, it is expected that certification and assurance 
approaches will grow in the future: additional regions, more materials and a broader 
range of sustainable development issues are being considered. The European 
Commission has announced a requirement expected to be in effect in 2020, which 
is similar to the U.S. Dodd-Frank rule. Starting in 2016, the third edition of the 
OECD guidance on minerals expanded the scope of risks and regions, and now 
includes a range of economic and social (but not environmental) issues associated 
with sourcing of minerals. Perhaps most powerfully, a number of large electronics 
and automotive firms have expanded their public commitments to using ethical 
raw materials, both in corporate statements and via the new Responsible Minerals 
Initiative. Multinational companies and their suppliers that use minerals and other 
material resources are thus expected to expand efforts accordingly. Thus, market 
drivers and expectations for mineral certification in Africa, and responsible sourc-
ing of raw materials in general, are developing steadfastly.



Conclusion
A multifaceted fortune

Kathryn Sturman and Saleem H. Ali

“Africa is rich!” read the T-shirts worn by protestors in recent years outside the 
Mining Indaba, an annual investment conference attended by mining companies 
and African government delegations in Cape Town, South Africa. The slogan is 
often used by civil society organizations to decry the paradox of abundant mineral 
resources in the context of enduring poverty in Africa. For example, the Africa 
Progress Panel’s findings on Illicit Financial Flows in 2015 have been interpreted 
by Global Justice Network, a non-governmental organization coalition, as evi-
dence that “multinational companies are stealing Africa’s wealth.”1 Africa, in the 
political imagination of its citizens and foreigners alike, remains locked in contro-
versy over what its natural resources are worth and who benefits from them.

This book has explored the value of Africa’s mineral fortune from a diverse range 
of perspectives and disciplines. It has brought together environmental and political 
scientists, economists and geographers, geologists and mining engineers, to con-
sider the worth of minerals to the continent and ways to derive greater value from 
them for sustainable development. The Sustainable Development Goals (SDGs) 
provide a consensus-based framework for determining this value in its fullest sense, 
well beyond the ever-fluctuating global commodity prices. Mineral economics is 
frustratingly unpredictable for miners and lawmakers alike. There are many policy 
decisions, however, that could enhance the contribution of mining to sustainable 
development if those decisions are well informed by science and not derailed by 
politics. The book takes stock of the value of Africa’s mineral endowment in all 
its facets, and relative to the value of the other natural resources of land, water, 
biodiversity, and clean air to Africa’s people and animals, and to the whole planet.

Part I has shown that mining stakeholders in Africa are ahead of those in other 
parts of the world in having articulated a broad and detailed policy for mineral 
development. The African Mining Vision (AMV) has inspired mining ministers 
within the Association of Southeast Asian Nations (ASEAN) to agree on a regional 
plan, called the ASEAN minerals cooperation action plan (AMCAP). Industry-led 
groups in Latin American countries have also prepared vision statements for min-
ing, such as Peru’s draft Mining Vision 2030 and Chile’s Valor Minero. There 
is global recognition that resource-rich countries are in competition for foreign 
direct investment in this sector. At the same time, governments can learn from 
each other for their mutual benefit. Regional policy harmonization, such as the 
AMV process, mitigates the worsening of social and environmental regulation of 
mining that is one of the negative aspects of globalization.



Conclusion 303

At the other end of the spectrum, resource nationalism is a concern voiced by 
actors in the mining industry. The EY reports on business risks in the mining and 
metals industry have ranked resource nationalism as one of the top ten business 
risks for several years running during the mining boom. This is undoubtedly part of 
the political game played between companies and governments over their respec-
tive share of profits and revenues from mining. It is occasionally a clear risk, how-
ever, to the viability of the industry at all in some jurisdictions. For example, in 
July 2017 newly elected president John Magufuli of Tanzania accused Acacia gold 
mining company, which is majority owned by Barrick Gold, of owing $190 billion 
in unpaid taxes for understating gold production and export figures.2 The amount 
claimed by a government-appointed committee that audited the company reflects 
highly inflated popular perceptions of the value of minerals produced by compa-
nies in Africa. Mine nationalization has become a political rallying point for disaf-
fected and marginalized constituencies in post-apartheid South Africa, although 
the mining sector itself has shrunk from about 20 percent of GDP in 1980 to only 
7.3 percent in 2016.3

Acute conflict over mining is clearly in no one’s interests, and may be ame-
liorated through multi-stakeholder dialogue and transparency. The Extractive 
Industries Transparency Initiative (EITI) has been implemented in twenty-five 
African countries, accounting for almost half of all implementing countries 
worldwide. Originally focusing on the polarizing issue of taxes and royalties, the 
initiative has broadened its scope in the 2016 EITI Standard. The national EITI 
multi-stakeholder groups are now mandated to report on a wide range of valuable 
data, including mineral production figures, the beneficial ownership of extractive 
companies operating in their jurisdiction, and public expenditure of mineral rev-
enues. For a continent that is resource rich but data poor, this expanded process is 
likely to inform and enhance multi-stakeholder resource governance.

The geostrategic interests of old and new global powers continue to be played 
out in Africa—by the United States, the European Union and bilateral European 
trade and development partners, the BRICs (Brazil, Russia, India, and China), 
and new mining investors in Africa from Australia and Canada. This brings acute 
challenges, but also new opportunities for the champions of state sovereignty over 
Africa’s resources. In some cases, African governments have become adept at nego-
tiating to their advantage by playing off one potential investor against another 
during the global commodity price boom. In other cases, there has been a lack of 
capacity and political will of government officials to exercise due diligence over 
foreign companies and to negotiate the best deal for the country, local communi-
ties, and the environment. In this case too information is power. African govern-
ments can gain only from knowing and understanding the value of their own 
mineral assets, as well as from the profile and track record of potential investors.

Part II of the book turned our attention to the importance of data for inform-
ing policy choices. Accurate, publicly available geological data about the value of 
mineral resources in the ground is a vital first step in governance, according to the 
World Bank and the Natural Resource Governance Institute’s extractive industries 
decision chain. Geological data sharing is gaining some tepid traction across Africa 
but far more needs to be done in this regard to ensure there is efficient explora-
tion investment. Economic data also needs more-effective interface with policy 
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action, and the use of new rapid economic assessment techniques holds promise 
for remote mineral-rich parts of the continent. The case study from Madagascar 
exemplifies how such methods can be applied to measure non-fiscal impacts. A key 
conclusion of this part is that governments in Africa will need to refine their data 
acquisition methods and also calibrate them better to both private sector invest-
ment needs as well as public indicators of well-being.

Part III of the book demonstrated that the value of Africa’s mineral endowment 
cannot be assessed in isolation from that of other natural resources. The environ-
mental health and safety dimension of resource extraction needs to be given utmost 
priority to prevent a proverbial “race to the bottom,” whereby worse-performing 
companies are attracted to lax regulations or enforcement in Africa. The incorpo-
ration of ecosystem service methodologies, phytomining techniques are hopeful 
signs that innovations in Africa’s mining sector can prevent such a negative out-
come or remediate past harms. Risk management is at the heart of this conversa-
tion and specific ways of integrating risk analysis methodologies within the African 
context deserves prioritization by policymakers.

Finally, Part IV of the book considered scales of mining and the trade-offs 
between large-scale and small-scale operations. There is broad-based value in the 
form of livelihoods for many in low-tech, labor-intensive mining, which is slowly 
coming to the attention of policymakers. However, the promotion of artisanal 
and small-scale mining (ASM) formalization competes with the easier route to 
valuable resource rents African governments can derive from encouraging large-
scale mining. The African Development Bank and OECD’s African Economic 
Outlook for 2017 has focused on the theme of entrepreneurship and industrializa-
tion as drivers of sustained growth and prosperity for the continent.

A seminal lesson of this book is the importance of harmonizing natural science 
and social science research in a useful praxis that can be applied by policymakers 
most efficiently. Scientific rigor should always inform policymaking around miner-
als because they are ultimately the fundamental primary natural resource. Africa has 
an emerging research sector but is the continent with the most growth potential 
in this arena. We hope that this book will have a positive impact to ensure a more 
constructive role in African mineral economies achieving their sustainable devel-
opment goal targets through a confluence of scientific research being applied to 
effective policymaking.

Notes
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