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Introduction

Context

In 2023, an estimated 600 million people in sub-
Saharan Africa had no access to electricity.!
Recognizing the huge gap in access to electricity,
countries set bold targets for ending energy poverty
by 2030 to align with the United Nations Sustainable
Development Goals (SDGs). Meeting these targets
requires significant investments, with some
estimates putting it at USD22 billion a year?®. Even as
the continent is poised to double down on
investment in renewables, natural gas will continue
to play a critical role as a mediator between the
ambitious energy transition targets set out by
policymakers and the security of the African energy

supply.?

In 2022, the African continent generated 892.7
terawatt hours of electricity, about 3.1 percent of
the global output, down from 896.9 terawatt hours
in 2021.% The top ten electricity producers alone
accounted for 81 percent of installed capacity and
83 percent of electricity generation, with the
remaining 44 countries covering the difference. With
the top ten being responsible for the lion's share of
installed capacity and electricity generation, this
points to concerningly low levels of production
among the remaining countries. To put this in
context, out of all the 54 African countries, the top
ten countries have only a fifth of the population (104
million) of the other 44 countries (502 million).>

Considering the urgency of expanding access,
countries are seizing the opportunity to "leapfrog"

Bitcoin mining as a productive use case

Organizations such as the Green Africa Mining
Alliance (GAMA) propose colocating Bitcoin mining
data centres at mini-grid sites to absorb stranded or
excess energy that would otherwise go to waste,
especially during off-peak hours. Bitcoin mining is an
energy-intensive process that uses a proof-of-work
consensus mechanism, which is the process of
adding transactions to the blockchain by being the
first to solve a mathematical problem via
computation.® Bitcoin mining data centres can be

traditional electricity models by promoting off-grid
and mini-grid energy solutions for greater
accessibility.® The growth in renewables has been
driven by decreasing costs and improved efficiencies
of renewable technologies, making small-scale
renewable energy more affordable over the last
decade. The renewable energy mix includes solar,
wind, hydropower, and modern biomass paired with
batteries and power packs to provide a package that
is helping to alleviate Africa's energy access
challenge.

The main grid has been the primary means of
supplying electricity but extending it to new rural
areas is costly. Cheaper off-grid options are needed
as many utilities fall deeper into debt and electricity
access becomes more critical.” Decentralized
renewable energy (DRE), such as mini-grids, have
increasingly drawn attention as a vital tool for
addressing electricity challenges and improving
access. Still, policy gaps and challenges impede
sector growth.® Designing mini-grids to serve
communities in rural locations has an inherent
problem: households and businesses have not quite
developed the consumption patterns required to
sustain mini-grids financially in the short to medium
term. As a result, mini-grid developers are seeking
alternatives to the current model to increase uptake
by encouraging local businesses' productive use of
energy. One emerging solution proposed for
addressing the low demand for energy on mini-grids
is Bitcoin mining data centres.

designed to have real-time demand levelling, which
allows them to moderate their energy use to match
available supply, thereby improving mini-grid
efficiency by reducing over or under-generation of
electricity.® This ability to dynamically flex electricity
consumption can incentivize additional renewable
energy capacity buildout by reducing the period
required to start seeing a return on investment.

Bitcoin mining data centres are proposed as ideal
anchor tenants for mini-grid developers because



their operations often require substantial amounts
of power, allowing developers to maintain a load
profile that would guarantee the highest return on
investment, often in the short to medium term for
most developers. Bitcoin mining data centres are
also considered location agnostic, meaning they can

Purpose of the report

This report explores how Bitcoin mining can help
solve the grid sustainability challenges faced by
many African countries that have difficulties in
extending electricity access to remote and low-
income areas. Bitcoin mining  consumes electricity
to generate new Bitcoins and secure the Bitcoin
network. By creating a steady and profitable
demand for electricity, Bitcoin mining can support
the development and operation of mini-grids, which
are small-scale power systems that can serve off-
grid communities.

The report consists of six main sections:

o the first section introduces the concepts and
benefits of Bitcoin and Bitcoin mining, and
explains how they can create value for mini-grid
developers and customers;

Concepts and benefits of

Bitcoin mining

Understanding Bitcoin mining

A blockchain is a digital distributed ledger used to
document transactions > and is sometimes called a
decentralized database. In contrast to traditional
databases, spreadsheets or ledgers, blockchain data
is not stored in a central place. Instead, the data is
stored in blocks that are copied and distributed
among a network of peers (for example, individuals,
organizations, businesses, and increasingly, data
mining facilities), which explains the name
distributed ledger technology.** Each block stores
verified and validated transactions that are

be set up in any location, even very remote rural
areas.’? While there are many types of digital asset
mining data centres, this research will focus on
Bitcoin mining data centres that have drawn the
most attention and have been documented by
several industry actors.

o the second section analyzes the power situation
in Africa, focusing on the main grid and mini-grid
sectors, and the electricity generation capacity
and costs in different regions;

o the third section presents the mini-grid market
and the potential for Bitcoin mining on mini-
grids;

o the fourth section provides an overview of global
bitcoin mining trends and provides examples
from selected countries;

o the fifth section evaluates the regulatory and
business factors that affect the feasibility and
attractiveness of investing in Bitcoin mining on
mini-grids in Africa

o the final section shares some conclusions and
provides some recommendations for regulators
and Bitcoin miners to consider to build win-win
partnerships

impossible to alter once added to the blockchain.®
Bitcoin mining is the process of using specialized
computers to discover new blocks, verify
transactions and add them to the Bitcoin blockchain.

The verification and validation of transactions added
to the blockchain uses a consensus mechanism
called proof of work (PoW), which helps secure the
network. Bitcoin mining uses PoW to contribute
computation resources to maintain and secure the
Bitcoin blockchain network.'® Miners are
incentivized to participate in the Bitcoin blockchain



by block rewards, which they earn for successfully
mining new blocks. The block reward includes two
components- the first is the block subsidy and the
second is the Bitcoin transaction fee.'” The block

subsidy is the amount of newly minted Bitcoin

Jelita initiates a
Bitcoin payment
to Mulenga

generated when a new block is added to the Bitcoin
blockchain, while the transaction fee is the amount
paid on each transaction submitted to and verified
by the network.®

Bitcoin miners on
the network
compete to solve
the puzzle

8)

The transaction is submitted

to and broadcast across the
Bitcoin network

Bitcoin mining simplified

The miner that solved
the puzzle receives the
block reward

Muleng;\

receives
Jelita's Bitcoin
payment

Miners must develop a good understanding of
mining economics to stay profitable and
competitive. One important aspect of Bitcoin mining
they have to consider is mining difficulty. Mining
difficulty refers to the level of complexity of the
mathematical equation that miners must solve to
find the hash for the next block. The difficulty of the
mathematical problems is adjusted roughly every
twelve weeks to ensure that blocks are added
approximately every 10 minutes. The number of
miners contributing to the network's total
computational power affects the mining difficulty.
The more miners there are, the higher the hash rate,
resulting in an increase in mining difficulty. The
opposite is true; fewer miners and a lower hash rate
reduce mining difficulty. The regular adjustments in
mining difficulty ensure Bitcoin's monetary policy
functions as intended and safeguards the network's
security.'® Another important feature that ensures
Bitcoin's monetary policy functions is the halving.
The amount of Bitcoin awarded to miners is reduced
by half every four years in an event known as the
halving. The halving reduces the Bitcoin supply over
time, which can increase its price (if demand stays

N\

The first miner to solve
the puzzle submits the
block to the network for
verification

e

The network validates
Jelita’s transaction and
the new block is added
to the Bitcoin
blockchain

steady). This is how Bitcoin's protocol creates
scarcity, which makes Bitcoin attractive to many
people.?°

Bitcoin mining is price-sensitive. Therefore, Bitcoin
miners seek out geographies where electricity prices
allow them to remain profitable. According to the
Cambridge Electricity Consumption Index, the
average electricity price for Bitcoin mining globally is
constant over time at 0.05 USD/KWh.%! Therefore,
miners aim to find electricity priced at this level or
below. Some miners, however, are willing to
pay up to 0.08 USD/KWh.?2 In 2023, more than 38
percent of Bitcoin mining hash rate (the hash rate
represents the efficiency and performance of a
mining machine)® was in the United States, making
it the country with the largest share of Bitcoin
mining operations. Bitcoin miners are drawn to the
United States for several factors, one being the cost
of electricity. Commercial electricity tariffs in states
like Texas, where the largest Bitcoin mining data
centres are located, are 0.069 USD/KWh.?* Low
electricity prices allow large Bitcoin mining data
centres to keep costs down and maintain their
profitability even in highly competitive environments



when more miners enter the market.? Besides the
price of electricity, Bitcoin miners are choosing to
set up their operations in North America due to a

Bitcoin mining over the years

The technology used to mine Bitcoin has evolved as
the industry grew and more actors joined. In 2009,
the early days of Bitcoin mining, the industry saw a
lot of participation from individuals mining in their
homes using central processing units (CPUs)
installed on personal computers.? Due to the lack of
mining competition, less computation energy was
required to mine bitcoin. As the price of bitcoin
started to rise and cryptocurrencies started to gain
more attention, the number of miners grew,
competition for block rewards increased and miners
sought to gain an advantage over each other. Miners
turned to graphics processing units (GPUs), which
were reprogrammed to run mathematical
computations required to mine Bitcoin more
efficiently.?” GPUs were quickly overtaken by field
programmable gate arrays (FPGAs), which were
remodelled to mine bitcoin and were considered
more efficient and less costly.?® Just two years after

high level of confidence in the regulatory and
business environment.

FPGAs became the preferred mining equipment, a
China-based hardware manufacturer released the
first set of application specific integrated circuits
(ASICs). ASICs were designed specifically to mine
bitcoin and quickly became the dominant bitcoin
mining equipment. Since the introduction of ASICs in
2013, the industry has seen a dramatic change in
chip size from 130 to 7 nanometres in recent years.
As a result, modern units are estimated to be 1000
billion times faster than the humble PC of 2009.%°

The face of bitcoin mining has also changed, from
home miners using CPUs in 2009 to large bitcoin
mining data centres and institutional investors who
set up large mining farms with thousands of ASICs
often collocated near electricity production facilities.
The rise of large mining farms raised the bar for
individual and small-scale miners.*

The evolution of Bitcoin mining

Central
processing
units (CPUs)

L

The first Bitcoin is
mined by Satoshi
Nakamoto on Jan 3
2009, using a CPU
found on an

everyday computer.

Graphic
processing
units (GPUSs)

As bitcoin mining becomes
more established, GPUs
emerge as a preferred
mining equipment. They are
optimized for performing
specific sets of
computational tasks
including mining bitcoin

Field
programmable gate
arrays (FPGAs)

FGPAs were able to mine
twice as fast as GPUs. . They
could be reconfigured on
both the software and
hardware level to run
customized code and
compute the mathematical
operations twice as fast as
the highest grade GPU

Application specific
integrated circuits
(ASICs)

=L

Unlike equipment used
before, ASICs were designed
specifically to mine Bitcoin.
Over the years, they evolved

to use smaller, more efficient
chips, which improved mining
efficiency. Some experts
estimate modern ASICs are
100 billion times faster than
the CPUs used in 2009




Monetizing stranded electricity

Mining digital assets such as Bitcoin is an energy-
intensive process and has the potential to generate
significant economic and technological benefits,
such as the creation of new jobs and driving the
development of innovative technologies. Digital
asset mining data centres resemble cloud computing
facilities owned by large corporations such as
Google and Amazon. Mining data centres and cloud
computing facilities both convert electricity using
computers, data centre infrastructure and a highly
skilled workforce into a digital product sent over the
internet. However, a key difference is that

Risks in Bitcoin mining

Several risks associated with Bitcoin mining should
be considered before setting up a Bitcoin mining
data centre.

Price volatility- the price of Bitcoin is very volatile
because it is highly sensitive to supply and demand.
Its market value is affected by how many coins are in
circulation and how much people are willing to
pay.3® For example, at the beginning of 2021, the
price was USD36 000; by June of that year, it had
climbed to USD61 000 before falling back to USD31
000. In November of 2021, the price reached an all-
time high of USD64 000 before plunging to USD24
000 in 2023.3* The price rose again by the end of
2023, reaching USD44 000 in December 2> This
volatility affects Bitcoin miners, especially those who
invest when the price is high but are forced out of
the market when the price dips dramatically.

Regulatory risks- Regulatory risk in African countries
are often a major deterrent to attracting investment
in key sectors, including electricity. Bitcoin mining
must navigate regulatory risk linked to a lack of
regulation for Bitcoin mining and to the regulatory
uncertainty related to government perceptions of

traditional computing facilities have less operational
flexibility. In contrast, digital asset mining data
centres can ramp their production up and down
depending on the grid's electricity demand.
Therefore, digital asset mining data centres such as
Bitcoin miners can serve as a flexible load through
participation in demand response programmes that
help balance electrical grids. Digital asset mining
operations can curtail their power usage at a
moment's notice, allowing them to give power back
to the grid if demand exceeds available supply.*?

cryptocurrencies. The regulation of the electricity
sector is another important aspect of regulation to
consider. It has implications on how easy or difficult
it is to access power through public or private
utilities and developers.

Technological risks — The next Bitcoin halving is
anticipated around the end of the first quarter or
the beginning of the second quarter of 2024 and is
expected to reduce block rewards. Therefore,
miners will depend more on transaction fees to
maintain profitability. As a result, miners will face
increased competition and possible changes in
mining power distribution.3® Research from
Blocksbridge, a mining consultancy, revealed that in
2023, publicly listed miners spent between USD10
000 and USD15 000 to mine one Bitcoin. These costs
are anticipated to double post the halving, with
miners reaching a breakeven point between USD20
000-USD30 000. To remain profitable under these
conditions, only the most cost-efficient miners will
survive, while others might be forced to shut down.
Two factors will be particularly important- accessing
the lowest-cost energy and using the most efficient
equipment.®’



North African Power Pool
Installed capacity: 53, 586GMW
Power generation: 226, 143GWh

West African Power Pool
Installed capacity: 26, 660MW
Power generation: 130, 598GWh

African
power pools
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Bitcoin mining

opportunities

The main grid vs mini-grids

The number of people without access to electricity
in sub-Saharan Africa has remained stubbornly
stagnant at about 600 million since 2010 due to
population growth.?® Most countries experience
long periods of electricity rationing due to chronic
underinvestment in power infrastructure. In South
Africa, for example, supply shortages and ageing grid
infrastructure have resulted in increasingly high
levels of load shedding since 2007, estimated to
have reached up to 5% in 2022.%

Countries have increasingly turned to renewable
energy and mini-grids to bridge the gaps in energy
access. The International Energy Agency (IEA)
estimates that between 2020 and 2030, Sub-
Saharan Africa will see the fastest growth in
renewables and take the highest share of new
installations globally, led by hydropower and solar
photovoltaics (PV). This would entail doubling
hydropower output, accounting for nearly half of
total generation, while solar PV will increase from
next to nothing to as much as 20 percent. As
countries continue to increase investment in the

The African power landscape — main grid

Of the 892.7 terawatts of electricity produced in
Africa in 2022, the largest share was produced from
natural gas (41 percent), followed by coal (26
percent), hydropower (18 percent), oil (8 percent),
renewables (6 percent), nuclear (1 percent) and the
rest from other sources (1 percent).*® Consumption
patterns generally follow the production patterns
with the bulk of electricity consumption happening
in North African economies (44 percent) and
Southern Africa economies (38 percent), accounting
for over 80 percent of the total electricity produced.
In comparative terms, Central Africa has the lowest
electricity consumption and production rates,
followed by East Africa and West Africa.** The
African power grid has many obstacles to overcome
to achieve universal access. Governments, and the
private sector and the development community

electricity sector, installed capacity is expected to
rise from 260 GW to 510 GW.* Between 2020 and
2021, renewable power generation expanded, with
wind and solar PV installed capacity reaching
6,491MW and 9,505 MW, resulting in 12.2 percent
and 14.5 percent growth, respectively. In the
previous decade, the continent saw 320 assets
constructed with 14GW of electricity added, and this
is expected to almost triple between 2020 and 2030
when an additional 648 assets are forecasted for
construction and will generate about 77GW of
electricity.*?

By connecting distributed solar and storage with the
grid and mini-grids, consumers can more easily climb
the energy staircase through improved access to
energy services and benefit from a new approach to
integrated electricity planning. Centralized and
decentralized electricity can collaborate to find the
necessary technology, processes, and regulatory
solutions to transform electricity systems into
resilient networks that provide everyone with
reliable, affordable, and universal access. %2

need to work together to address insufficient power
generation, poor transmission infrastructure, last-
mile distribution challenges, affordability of power,
and inadequate and inappropriate sector funding.*®

Most countries are faced with an electricity
production deficit. Consequently, there are very few
opportunities for mining on the main grid except in
cases where the main grid would have:

o excess energy because they have increased
their installed capacity but have yet to secure
investment or build out transmission and
distribution infrastructure

o failing distribution and transmission
infrastructure due to a lack of maintenance
leads to power being stranded closer to
generation facilities



Even as countries move to increase the amount of
renewable energy on their grids, substantial
transmission and distribution grid expansion will be
required in the short term. On average, countries in
sub-Saharan Africa experienced high transmission
and distribution system losses (i.e. technical and
nontechnical) ranging between 15% to 29%,
compared to that of a developed country (7% -
10%). For example, South Africa accounts for 27% of
Africa's current electricity demand, but frequent
load-shedding due to unexpected coal plant failures

Regional power pools

There are five major power pools on the African
continent- the Central African Power Pool (CAPP)
covering central African countries; the East African
Power Pool (EAPP) covering East Africa; the
Southern Africa Power Pool (SAPP), which draws its
membership from the Southern African countries;
the West African Power Pool (WAPP) and the
Maghreb Electricity Committee which includes
North African countries.

In 2021, the African Union launched the African

Single Electricity Market (AfSEM) as the continent's

energy trading programme meant to interconnect all

55 African Union member states by 2024.% The

operationalization of the AfSEM has several

challenges to overcome, among them:

o The determination and calculation of electricity
tariffs is not transparent;

o Electricity tariffs are not cost-reflective are
unbundled;

o Power utilities are inefficient, affecting financial
sustainability;

o Monitoring and evaluation mechanisms are
weak;

has increased the investment in renewables.*®
However, current the state of the grid makes it
difficult to take on additional supply. A recent
renewable energy auction round in South Africa did
not award any onshore wind capacity, as all
proposed projects were in areas with no grid
availability.*” This meant independent power
producers were unable to supply their power
through the national grid and had to find alternative
ways to sell off the power they were producing.

o Lack of harmonised transmission and wheeling
charge prices constrain cross-border and
regional power trade;

o Lack of regional coordination and dispatch
control centres and;

Tariff guidelines and principles are not harmonized to support
power pool operations.

Table 1 the capacity factors across sub-Saharan
Africa are quite low, with Central Africa having the
lowest at 34 percent, although it does have the
highest load factor at 84 percent. Southern Africa
has the lowest load factor and also the lowest
average number of annual outages, compared to
Central and West Africa, which experience four
times as many outages.



Table 1. Technical performance of the African power sector
Regional pool

Capacity factors!

CAPP 34% 84%
58% 67%
56% 58%
48% 62%

Source: AfDB, EU 2021

The Africa Union developed an Action Plan for a
Harmonised Regulatory Framework for the
Electricity Market in Africa to address challenges in
the power sector and improve interconnectivity by

The East African Power Pool

Nearly all East African countries belong to the
Eastern Africa Power Pool (EAPP). The EAPP was
conceived in 2003 and was established with only
seven members in 2005, but the number has now
grown to thirteen, with the addition of Burundi, the
Democratic Republic of the Congo (DRC), Djibouti,
Egypt, Ethiopia, Kenya, Libya, Rwanda, Uganda,
Somalia, South Sudan, Sudan and Tanzania3. The
power pool aims to provide the region with reliable,
affordable, and sustainable energy by developing
electricity infrastructure, an efficient cross-border
power market, and enhanced operational
readiness.°

The power pool has plans to complete
interconnection among all members by 2025 to
leverage differences in load profiles and generation
structures. Several countries (DRC, Ethiopia, Libya,
Rwanda, Sudan and Tanzania) face supply risks
during peak demand in the range of 1,000 to 1,500
MW but are unable to benefit from electricity
imports due to a lack of generation and transmission
capacity. The region expects to see an increase in

Average load factor?

Average # of annual outages
170

104

42

171

2030.% The Action Plan was designed to build
synergies among regional economic communities,
their associated power pools, and other
transcontinental energy development initiatives.

the installed capacity from 4GW in 2020 to 29GW by
2023, led mainly by investments in wind and solar,
which will result in increased cross-border power
exchanges.

Among East African countries, Egypt had the highest
installed capacity in 2021 and the second highest in
Africa, after South Africa. Egypt generated 12
percent of its electricity from renewable sources.
Ethiopia has the second largest installed capacity
(4,862.769 MW) but lagged behind Sudan on total
electricity generation at only 15,943.28GWh against
Sudan's 18,284.62GWh as shown in Figure 1. A
strong economic player in the region, Kenya comes
in fourth with an installed capacity of 3,217 MW,
producing 12,775.40 GWh of electricity. Among
these top three producers in the region, Ethiopia has
the largest share of electricity generated from
renewable sources at 100 hundred percent,
followed by Kenya with 93 percent and Sudan at 59
percent 1. Figure 1 does not include Egypt because
the country's installed capacity and electricity
generation are far larger than the others in the

I The capacity factor of a power utility is a measure of how often a power plant produces electricity compared to its maximum
potential output. It is calculated by dividing the actual electricity output over a period of time by the theoretical maximum output
over the same period. For example, a power plant with a capacity factor of 50% means that it operates at half of its full capacity on
average. The capacity factor can vary depending on the type of power plant, the fuel source, the weather conditions, the

maintenance issues, and the market demand. (NMPP Energy, 2021)

2 The average load factor of a power utility is a measure of how well the power utility uses its maximum capacity over a period of
time. It is calculated by dividing the average power demand by the peak power demand during the same period. A high average load
factor means that the power utility has a steady and consistent power demand, while a low average load factor means that the
power utility has a variable and fluctuating power demand (Electrical Engineering. XYZ)

3 Some countries belong to more than one power pool. DRC and Tanzania are also members of the Southern Africa Power Pool



region, making the chart data for most countries
difficult to read.

Figure 1. Electricity production in East Africa
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Source: Africa Energy Portal
The Southern Africa Power Pool

The Southern Africa Power Pool was created in
August 1995 and included member states of the
Southern Africa Development Community (SADC).
The current membership consists of twelve
countries- Botswana, Mozambique, Malawi, South
Africa, Eswatini, Lesotho, Namibia, Angola, the
Democratic Republic of the Congo (DRC), Tanzania,
Zimbabwe and Zambia.

Between 2011 and 2019, about 24,488MW new
generation capacity was installed, giving an annual
average of 2,449MW. By 2021, the installed
generation capacity for all SAPP countries was
80,923MW, while the operating capacity of
65,198MW. This was against a demand and reserve
of 55,235 MW, resulting in an excess generation
capacity of 9,963MW. South Africa alone accounted
for 7,959MW of this excess generation capacity,
while DRC has up to 1,064MW excess generation
capacity. A lack of transmission interconnections
between Angola, Tanzania, Malawi and other SAPP

® Electricity Generation total (GWh)

|1,F.T

14000 16,000 18,000 20,000

m Installed capacity (MW)

countries makes them unable to participate in the
competitive electricity market. In Angola alone, up
to 2,190MW of excess capacity is available but could
not be accessed by other member countries due to
the absence of interconnectors. A total of USD91.1
million was exchanged on the market in 2021, a
drop from 145.8 million, attributed to reduced
power demand due to the COVID-19 pandemic.

In 2001, SAPP launched the short-term energy
market and developed a competitive electricity
market in 2024.52 SAPP published monthly market
performance reports and between April and August
2023, the average standard price for power ranged
between 0.062USD/KWh and 0.037USD/KWh,
average off-peak prices ranged from 0.089USD/KWh
to 0.05USD/KWh while the average peak prices
ranged from 0.09USD/KWh to 0.02USD/KWh.>

10



South Africa is by far the largest power producer in
the region and across the entire continent, with an
installed capacity of 61,454MW and achieving
electricity generation of 280,649 GWh in 2021. The
country is heavily dependent on coal for its power
generation but also has 16,884MW (six percent) of
electricity produced using renewable sources. This
number is expected to steadily increase as the
country implements its just energy transition plan.
Mozambigue was the second largest producer in the
region, with 2,867 MW installed capacity and 20,696
GWh electricity generation. Zambia was the region's

Figure 2. Electricity production in Southern Africa

third-largest producer, with an installed capacity of
3,368, generating 16,674 GWh.In both Zambia and
Mozambique, over eighty percent of their power
generation comes from renewable sources, as
shown in Figure 2. Figure 2 does not include South
Africa because the country's installed capacity and
electricity generation are far larger than the others
in the region, making the chart data for most
countries difficult to read.

Power generation in Southern Africa (minus South Africa)
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Source: Africa Energy Portal

The Central African Power Pool

The Central African Power pool draws its
memberships from Burundi, Cameroon, Congo,
Gabon, Equatorial Guinea, Central African Repubilic,
Democratic Republic of the Congo (DRC), Rwanda,
S3do Tomé and Principe and Chad.

Despite more than seventeen years of existence, the
CAPP is the weakest power pool on the African
continent. CAPP has an estimated 650 TWh annual
hydroelectric potential, representing almost 53% of
the continent's hydroelectric potential. The DRC
alone has 110GW of estimated hydropower

potential. Some experts have estimated that the
Inga hydroelectric project can meet about 40
percent of the electricity demand on the
continent.> The reality, however, is that CAPP has
the lowest installed production capacity at 6,547
MW in 2021 and the lowest average national rate of
access to electricity electrification rate at 30.1
percent compared to other regions(Figure 3 ).

Central Africa has fewer electricity interconnections
than other regions, and barely any electricity trade is
happening. Regional institutions are still relatively

11



weak compared to other regional power pools. By
2021 the only cross-border interconnection lines
were between the DRC and Congo, Cameroon and
Chad, and ongoing interconnections between DRC
and Angola, and DRC, Rwanda and Burundi. The
region has recently experienced political instability,
which has inhibited investment in infrastructure,
including energy infrastructure.>

According to the Africa Energy Portal data, in 2021,
Angola will be the largest producer in the region

Figure 3. Electricity production in Central Africa

with an installed capacity of 5,918.59MW and
generate 14,532.90GWh of electricity. DRC is the
second largest producer with an installed capacity of
2,770.40MW, generating 13, 671GWh of electricity
from renewable sources. Cameroon came in third
with 1,532.98 installed capacity, generating 9,
067GWh of electricity. About 80 percent of Angola's
power was generated from renewable sources
compared to 53 percent for Cameroon.

Power generationin Central Africa

Sao Tome
& Principe

Gabon

Equatorial
Guinea
Congo

Republic

Congo DR

Chad

CAR

Cameroon

o

2,000 4,000 6,000 8,000

‘.”11

10,000 12,000 14,000

Electricity Generated from Renewable Source (GWh) m Electricity Generation total (GWh)  mInstalled capacity (MW)

Source: Africa Energy Portal

The West African Power Pool

The West African Power pool includes Ghana,
Senegal, Nigeria, Togo, Benin, Céte d'lvoire, Togo,
Guinea Bissau, Guinea, Sierra Léone, Mali, Liberia,
Gambia, Morocco, Benin, Mauritania, Burkina Faso,
Niger. WAPP was established in 2006 and has the
highest number of member utilities amongst all the
power pools on the continent. This indicates high
participation of private sector companies in
generation, distribution, and transmission. Nigeria
has the highest number of member utilities (11)
followed by Ghana (10).

Energy resources in the region are unevenly
distributed. Countries with gas reserves can produce
cheap and flexible electricity. Others have
hydrogeological resources at their disposal, while
others with limited hydro and fossil fuel-based
sources have significant solar generation potential.
Then there are some with no particular resource
advantage and rely on imported fuels, which are
often expensive to run thermal power plants.

The region has some of the highest electricity costs
linked to a lack of strategic planning for the
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evolution of their energy markets, leading to an
excess of costly unused generation capacity or a
deficit in production, leaving national demand
unmet. With increased investment in natural gas-
powered generation facilities, one study suggests
three countries are likely to become year-round
exporters of excess power- lvory Coast (743MW),
Ghana (279MW), Mauritania (88 MW), Guinea
(161MW during the wet season) and Cameroon
(21MW) who trade this power with other countries
in the region. °®

Nigeria is by far the largest power producer in West
Africa, with an installed capacity of 13,212MW,
generating 73,195.88GWh of electricity in 2021.5

Figure 4. Electricity production in West Africa
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Figure 4 does not include Nigeria because the
country's installed capacity and electricity
generation are far larger than the others in the
region, making the chart data for most countries
difficult to read. About 80 percent of Nigeria's
energy is generated using natural gas; about 14
percent is powered through large and mini hydro
stations; solar accounts for 5 percent.>® Ghana is the
second largest producer with an installed capacity of
5,367MW and 22,035GWh generation capacity.
Ivory Coast is the third largest producer in West
Africa with 2,282MW installed capacity and
12,403GWh of electricity generation. About a third
of power generated in both Ghana and Ivory uses
renewable sources.
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North Africa power landscape

The Maghreb Electricity Committee (COMELEC) was
established in 1974 and its membership includes
Algeria, Tunisia and Morocco. Membership was
extended to Mauritania in 1975 and later to Libya.
Egypt is not a member of the power pool but will be
covered under the North African region. As seen in
Figure 5 Algeria is the highest producer in North

20,000 25,000

M Installed capacity (MW)

Africa, with 25,738MW, and it generated
85,390GWh of electricity in 2021. Libya is the
second highest producer with 10,817MW installed
capacity, which generated 76,448GWh. Algeria and
Libya both generated less than 1 percent of their
electricity from renewables, drawing about 99
percent of it from natural gas and oil.
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Figure 5. Electricity production in North Africa
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The top ten largest and cheapest producers

South Africa dominates the charts in terms of
production, having the highest installed capacity
(61,255 MW) and electricity generation (280,649
GWh), primarily from fossil fuels (only 6 percent is
generated from renewable sources) as shown in
Figure 6. Egypt is the second largest producer with
59,617MW installed capacity, only about 1,847 MW
less than South Africa but generated far less power

Figure 6. Top largest African electricity producers
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(210,832GWh). The next four largest producers are
mostly North African (except Nigeria), but their
combined electricity generation still falls short of
South Africa's total, even with its failing electricity
infrastructure. With the exception of Ghana,
electricity penetration outside of urban centres in
the last three countries is very low, leaving rural
residents with a higher incidence of energy poverty.
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According to BloombergNEF 2021, Liberia had the 0.075USD/KWh ( Figure 7). Seven of the top ten
cheapest average power price at 0.002USD/KWh on countries had average prices lower than the global
average, followed by Angola at 0.016USD/KWh, average price for bitcoin mining which is

while Nigeria closed out the top ten with 0.05USD/KWh.

Figure 7. Top ten cheapest African electricity producers

Top 10 Afican countries with lowest power prices, 2021
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Renewable energy on the main grid Figure 8. Renewable energy generation across Africa

As seen in Figure 8, the majority of African countries,
just under 50 percent had less than 25 percent of
renewable sources in their energy mix. Countries like
Libya, Botswana, and Djibouti have zero renewable
resources. Among the other 50 percent, Cameroon,
Sudan, Zimbabwe, Guinea, Rwanda and Burundi
have between 50 to 25 percent of renewable
sources in their electricity generation mix. Only
three countries- Ethiopia, DRC and Lesotho drew
100 percent of their power from renewable sources.

As countries continue to build out their power
infrastructure to include mini-grids, the renewable
energy mix is expected to increase, especially among

C
sub—Saharan African countries. North African Electricity generated from renewables /
countries have the highest electrification rates and = 7:51;: El S;L:
have achieved universal access due to abundant
natural gas and other fossil fuels. There is less
Created with mapchart.net L ead

incentive among North African countries to invest in
renewables and the private sector market is not as
robust as in other parts of the continent.
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The African power landscape — mini-grids

Grid extension has been the predominant approach
to provide electricity access but many countries are
coming to the realization that the areas that the
main grid can reach more economically than off-grid
alternatives are slowly being exhausted and the
incremental costs of adding new rural customers are
becoming prohibitive. With technological
improvements and ever-reducing costs, more
countries are turning to renewable energy systems.
This is important as it allows governments and
utilities to take a least-cost approach that takes
advantage of the breadth of technology options.>®
Due to high capital expenditure costs involved in
expanding existing grids, many countries are turning
to mini-grids to fill the gaps in access to electricity,
especially to reach rural communities that are often
more isolated from national grids. Mini-grids are

Table 2. Installed mini-grid projects by region

electric and power generation and distribution
systems ideal for supplying electricity to small and
medium-sized communities or towns, especially in
rural areas.®

While information on the number of mini-grids in
each country are sparse, estimates are available for
numbers across the continent. In 2022, there were
an estimated 3,100 mini-grids across Africa with a
total capacity of 1,960MW and another 9,000 mini-
grids were planned as shown in Table 2. Installed
mini-grid projects by region Table 2. The 3,100 mini-
grids led to 6 million connections, enabling 27
million people to access electricity. At 1, 960MW,
the continent has the highest mini-grid installed
capacity, followed by the United States and Canada
(1.8 MW) and East Asia and the Pacific (1.5 MW).%*

Number of Number of
mini-grids connections
(millions)

South Asia 9,592 2
East Asia and Pacific 7,227 2
Africa 3,174 6
Europe and Central Asia 624 <1
United States and Canada 615 <1
Latin America and the Caribbean 286 <1
Middle East and North Africa 39 <1

Source: ESMAP 2022

More than 4,000 mini-grids are currently in the
planning stage across the continent.®? The Africa
Minigrid Developers Association (AMDA), which
represents private sector mini-grid developers in
Africa, maintains a database of projects undertaken
by members. AMDA's 2022 report revealed that
Kenya has the highest number of mini-grid sites
(145) followed by Sierra Leone (66) and Mali (28).5

Renewable-based mini-grids are emerging as the
least-cost option for reaching underserved
communities. Yet, guaranteeing the financial viability
of mini-grids is crucial to providing a reliable and
sustainable solution. Mini-grid developers need to
prioritize productive energy, as rural energy demand
does not increase as fast as expected, and load
growth is essential for their business viability.

Number of Total capacity ~ Total
people (MW) investment
(millions) (USD millions)
12 407 1,555
6 1,530 6,271
27 1,960 7,238
1 1,110 6,092
1 1,783 6,447
2 390 810
<1 46 158

Moreover, mini-grid companies are usually the first
to engage underserved communities for the long
haul, creating a unique chance to foster sustainable
rural development with partners.®* New developers
face a revenue challenge due to low consumption in
the initial years of mini-grid operations. Since most
mini-grid development costs are fixed, attracting
more customers and boosting average consumption
are essential to lowering electricity prices.
Household energy consumption is often low because
poor households need time to save for energy-
consuming assets and must carefully decide how to
spend their very limited incomes.®

As mentioned before, introducing more productive
users to the customer base can reduce mini-grids'
cost of service per unit of electricity (ESMAP 2019).%®

16



The World Bank's Energy Sector Management
Assistance Program (ESMAP) shared a model to
demonstrate how productive uses reduce the
levelized cost of electricity (LCOE) for solar-powered
mini-grid systems. The model showed that typical
load factors for mini-grids are about 20 percent
because the system capacity is largely unused for
most of the day. Conservative assumptions estimate
that by adding productive use load from commercial
businesses and activities, the load factor can go up
to 40 percent. This additional load reduced the LCOE
in 2018 by 24 percent, from 0.55USD/KWh to
0.42USD/KWh. By 2021, as component costs
reduced and the load factor increased, the LCOE
reduced further by 26 percent from 0.38USD/KWh
to 0.28USD/KWh.®’

By increasing demand from productive use
businesses to achieve a 40 percent load factor, it is
possible to decrease the levelized cost of energy
(LCOE)* by 25 percent or more. As seen in Figure 9,
further increasing demand from commercial users to
achieve an 80 percent load factor can reduce LCOE
by up to 37 percent. The World Bank, through its
ESMAP programme, estimated that increasing
productive uses and decreasing component costs
should lead to lowering mini-grid LCOE to
0.22USD/kWh by 2030.% This would make access
more affordable for rural household consumers in
the long run as demand and technology improves.

Considering the lag between installing a mini-grid
and realizing effective demand through household
consumers and productive use business,

4 The levelized cost of energy (LCOE) combines into a single metric all
the cost elements directly associated with a given power technology,

contingencies need to be built into electrification
efforts to account for potentially limited impacts on
productive use.® Introducing innovative
partnerships between Bitcoin mining data centres
and renewables-based mini-grids can increase
electricity demand, expand the profitable
electrification business model, and reduce the over-
dependence on government subsidies, aid and
charitable donations. GAMA asserts that small-scale
Bitcoin mining data centres can be the missing link
to closing the gap between perceived risks
associated with mini-grids and investors' risk/return
expectations by aligning the incentives of financiers,
developers, consumers and other stakeholders, such
as multilateral organizations.”

To encourage investments in mini-grids,
governments must introduce supportive regulation.
Countries such as Tanzania, Kenya, Uganda, Nigeria
and Ghana, have put in place frameworks and
supportive policies to expand energy access through
mini-grids. Nigeria, for example, has well-established
regulations for mini-grids with clear specifications on
the technical and quality standards and certifications
developers are required to meet. The country has a
willing buyer-willing seller model that allows
developers to enter into direct agreements with
community consumers in the areas they serve.

Figure 9. Levelized cost of energy scenario for solar
powered mini-grid

Developers are also protected in the event that the
main grid expands its coverage to territory covered
by the mini-grid.”
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including construction, financing, fuel, maintenance and costs
associated with a carbon price. It does not include network integration
or other indirect costs (IEA 2023)
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Mini-grids as a viable option for

Bitcoin mining in Africa

To ensure financial sustainability, mini-grid
developers build their business models to take into
account revenue streams possible from different
customer segments. One commonly used approach
is the ABC model. It allows developers to diversify
their customer base into three groups. A represents
the Anchor customers with a high consumption load,
such as factories, manufacturing plants, resorts or
mines. B are productive use income-generating
Businesses serving local communities, such as grain
mills, agriculture processing units, irrigation pumps,
bakeries, grocery shops, etc. While C stands for
Community consumers such as households,
community centres and churches.”? The order of
consumption reduces from A to C, with anchor
tenants being the largest electricity consumers and
community consumers being the smallest.

Bitcoin data centres are ideal anchor tenants for
mini-grid developers because their operations often
require large amounts of power, allowing developers
to maintain a load profile that would guarantee the
highest return on investment. Bitcoin data centres
are also location agnostic, meaning they can be set
up anywhere, even in very remote areas.”® Miners
need to optimize their operations and control their
production costs to stay competitive in the global
bitcoin mining industry. Electricity is the main input
cost that impacts operation, so bitcoin miners
always look for the cheapest sources of electricity,
which are usually linked to under-used hydro, wind
and solar power.”

It has demonstrated, despite some risk from bitcoin
mining rewards, how bitcoin mining in solar
microgrids can boost investment value and benefit
communities with cheaper and more power.”
Therefore, introducing innovative partnerships
between Bitcoin data centres and renewables-based
mini grids can increase the productive use of

electricity and allow the expansion of profitable
electrification business models. Innovative
partnerships like this reduce the over-dependence
on government subsidies, aid and charitable
donations. GAMA asserts that small-scale Bitcoin
mining data centres can act as the missing link to
closing the gap between perceived risks associated
with mini-grids and investors' risk/return
expectations. It does so by aligning the incentives of
financiers, developers, consumers and other
stakeholders, such as multilateral organizations.”®

By collaborating with local energy providers, unused
energy sources can be unlocked, allowing Bitcoin
mining data centres to operate in areas with poor
grid access. Applying strategies like load balancing,
energy storage solutions, and smart demand-side
management guarantees efficient resource use and
low environmental impact.”” By being anchor
tenants, miners offer mini-grid developers steady,
reliable, and paid energy demand, reducing the
difference in risk-return prospects between energy
developers and financiers. As a result, Bitcoin mining
data centres enable lasting and lucrative private
investment for mini-grids.”®

While there are opportunities to power Bitcoin
mining data centres from the main grid in cases
where utilities have excess or stranded energy, case
studies in African countries have shown that mini-
grids are the better alternative because they have
higher stranded energy levels. The main grid is
usually concentrated in urban areas, which draw
most of the demand and a lot of the power, leaving
every little excess energy except during off-peak
hours. However, it is possible to find stranded
energy on the main grid in some countries due to
poor and decaying infrastructure that limits the
grid's ability to transmit power to all areas where it
is needed.
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Figure 10. Components of sustainable hydro mini-grids

The environmental impact of Bitcoin mining

Bitcoin mining consumes a lot of energy and is often
criticized for this. By December 2023, the energy
used by Bitcoin mining reached 141.2 TWh globally.
7% One key concern related to this is the industry's
carbon footprint. According to the Cambridge
Bitcoin Electricity Consumption Index (CBECI), in
2022 bitcoin mining was estimated to be responsible
for 48.35 MtCO2e of greenhouse gas emissions
(GHG) which was about 0.10% of the world's
greenhouse gas emissions which was close to the
emissions of countries like Nepal (48.37 MtCO2e)
and the Central African Republic (46.58 MtCO2e), or
half of what was emitted by the gold mining industry
(100.4 MtCO2e). The CBECI further reported that
fossil fuels made up nearly 62.4% of the total
electricity mix, while sustainable energy sources
comprised 37.6% (including 26.3% from renewables

o Watershed

Source: GAMA 2023

and 11.3% from nuclear).®° Other industry
researchers have disputed these figures by pointing
out that Bitcoin mining's sustainable energy usage is
closer to 52.6%. This is on account of the CBECI's
methodology's omission of, among others, data
related to off-grid and flare gas mining, whose
impact was estimated at plus 10.8% and 1.0%,
respectively. Further, information on the updated
geographical hash rate following miners moving out
of Kazakhstan would also account for about 1.8%.8
While there are different views on Bitcoin's carbon
footprint, what all sides agree on is that Bitcoin
mining's energy consumption is bound to continue
growing, therefore, directing more investments to
reduce the industry's GHG emissions will an area of
great interest going forward.
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Global Bitcoin mining

trends

Key players in Bitcoin mining
As seen in

Figure 11, for several years, China dominated global
hashrate as far as Bitcoin mining share was
concerned. Hashrate is the amount of computing
power that a network (such as the Bitcoin network)
uses to process transactions. It shows how many
calculations the network can do per second in
different units, such as billions, trillions, quadrillions,
and quintillions. For instance, a hashrate of 1TH/s
means the network can do one trillion calculations
every second. The hashrate of a network depends
on how many miners are in it. The more miners
there are, the higher the hashrate is because they
are all trying to get the reward. The fewer miners
there are, the lower the hashrate.®

In 2019, the country was responsible for up to 25%
of global hashrate. By the following year, the United
States started to stand out as an emerging player
and took up a higher percentage of Bitcoin mining.
In 2021, following the ban on crypto asset mining in
China,® significant shifts in bitcoin mining were
recorded, with the US' share doubling its share of
hashrate to 35 percent from the previous year.
Kazakhstan also saw a jump in its share of hashrate
as miners who had operations in China relocated to
the country. By the beginning 2022, China's share of
hashrate recovered slightly to about 25 percent.
Canada also benefitted from the reset on the global
bitcoin mining industry following the China ban and
recorded an increase in its share of global hashrate,
coming in fourth place after the United States, China
and Kazakhstan.

Figure 11. Evolution of bitcoin mining hashrate country share
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Examples of Bitcoin mining partnerships in Africa

Gridless Compute in Kenya saw an opportunity
to partner with a local mini-grid developer,
Hydrobox, to buy up excess power. Hydrobox
has two business models. On the one hand, it
develops, finances, owns and operates mini-
grids, then sells the electricity generated in
rural communities but it also builds, develops
and operates mini-grids on behalf of clients.
Hydrobox's solution used standard
containerized units to set up the microgrid,
thereby reducing costs, lead times and making
installation possible even on challenging
terrain.®* Gridless colocated their Bitcoin
mining data centre at the Hydrobox site in
Gitugu and is one of the anchor clients,
allowing the developer to monetize the
stranded energy, resulting in improved
revenue collection and a reduction is energy
rates for the 5,000 people served by the mini-
grid. The Gridless’ Bitcoin mining data centre
serves as a buyer of last resort for
approximately 350kW when demand is low
and can also reduce power usage when
demand is high, ensuring that the local
community served by the grid are prioritized in
terms of power supply.®

In 2023, the Ethiopian government started to fill
up the Grand Ethiopian Renaissance Dam
(GERD), which is expected to generate more
than 5,000MW of power.8® However, the
country is yet to secure the funding to complete
works to build transmission and distribution
lines to get this power to end consumers. QRB
Labs recognized the opportunity to put this
stranded energy to use. They, therefore, started
a lengthy process of engaging the national utility
company Ethiopia Electric Power (EEP) to sell
this excess energy to Bitcoin mining data
centres.®” QRB Labs is an Ethiopian company
that offers data centre services to international
clients focusing on location-agnostic higher
energy computations such as Bitcoin mining. The
company collocates their scalable modular data
centres within EPP substations across Ethiopia to
access the stranded energy.® Ethiopia is a rare
example of an African country that has opened
up licensing for Bitcoin miners on the main grid.

In Uganda, Sustain Solar designed and delivered
a containerized solar plant to generate
electricity for processing high-value crops in the
Kayunga district. The solar plant was built with a
higher capacity than the current demand in the
community in anticipation of the growth of
economic activities and required loads. Sustain
Solar partnered with Earth Wind and Power, a
Norwegian company innovating sustainable
methods of growing green computing power, to
conduct the pilot. A third company, INENSUS, a
German consulting and engineering firm
specialized in rural electrification, also joined
the team. These three companies designed a
pilot introducing Bitcoin miners in containerized
solar units that use up excess electricity.

In June 2023, the Nigeria Federal Government
introduced the Electricity Act, empowering state
governments to manage their energy
infrastructure, including electricity. This
development made it easier for private
investors to obtain licences to generate,
transmit, operate, trade, distribute and supply
electricity.®® As a result, state governments have
more autonomy and businesses can engage
utilities at the state level to negotiate power
purchase agreements.

Trojan Mining operates a hydro-powered fleet
that launched in 2021. The founder of Trojan
Mining belonged to a local youth empowerment
organization and used that platform to engage
local government officials and the utility




INENSUS built a controller that regulates the company to sign a power purchase agreement
Bitcoin miners' consumption based on at a competitive rate to ensure the profitability
information on the primary load's consumption of the mining operations.

patterns and the weather conditions that will

determine how much solar power can be

generated. This ensures the miners only use

excess electricity and do not take up power

required by primary users.

Following what was considered a successful
pilot, the team plans to commercialize the
model for other mini-gird developers to buy

\YEIEY]

Following a successful execution of
their project in Kenya, Gridless
Compute turned to Malawi where they
identified a site with 80kW of stranded
energy serving a community of 1,800
households or approximately 9,000
people. Once more, Gridless collocated
about a dozen Bitcoin miners at the
site, allowing the mini-hydro plant to
become self-sustaining and decreasing
the power cost to its residential
clients.”

Gridless Compute provides Bitcoin mining containerized
solutions and technical expertise to businesses and
mini-grid developers. The company builds bespoke
Bitcoin mining units that are assembled in Kenya and
transported to countries across Africa.

Top image: A containerized bitcoin mining unit that can
be transported on a truck.

Image left: Bitcoin miners (ASICs) stacked into a
container.
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The business and

regulatory environment

As explained before, because Bitcoin mining is price-
sensitive, therefore, bitcoin miners seek out
countries that offer lower prices at or lower than the
global average price of 0.05 USD/KWh. The cost of
electricity has been explored in a previous chapter
and this chapter will include another dimension to
aid the analysis- the business and regulatory
environment. The business and regulatory
environment greatly influences foreign Bitcoin
mining operators' willingness to invest in any
country or jurisdiction.

There is very little information on the regulation of
bitcoin mining in Africa. Only Ethiopia is known to
have introduced a licencing framework for bitcoin
mining. As a proxy, this report examined various
governments' positions on cryptocurrencies. While
the government's position on cryptocurrencies does
not reflect its position on Bitcoin mining, it indicates
a country's openness to new ideas and innovation in
the digital space, especially related to
cryptocurrencies. While the type of regulation and
stakeholders associated with Bitcoin mining and
cryptocurrencies are different, actors from one
sphere can influence the other.

The business enabling environment assessment is
informed by the World Bank's 2020 Ease of Doing
Business report. Unfortunately, the publication of
the report was discontinued in 2020 so this is the
most recent data set. The Ease of doing business
scores were designed to measure the strength of a

Cryptocurrency regulation

At the global level, the regulation of crypto asset
activities by different jurisdictions hardly included or
specified mining in their regulatory guidance,
according to a study by the Cambridge Centre for
Alternative Finance (CCAF). However, mining has
attracted regulatory attention recently, which has
led to the development of custom legal frameworks
for mining activities in some cases. Miners from the
same region disagree a lot on their present
regulatory environment. This variation in opinion
suggests that miners either have limited awareness

country's business environment on the basis of
economic performance in ten areas. This report
focuses on four of the ten areas: starting a business,
getting electricity, enforcing contracts and resolving
insolvency.

The report also uses the Africa Development Banks'
Electricity Regulatory Index (ERI). The ERI aims to
use a standard methodology to evaluate electricity
regulation and the regulators. The ERI also aims to
identify and resolve issues and challenges affecting
the sector, then mobilizes all stakeholders to work
together to overcome any obstacles to developing
the electricity sector. It is a composite of scores
obtained under three key pillars: the Regulatory
Governance Index, the Regulatory Substance Index
and the Regulatory Outcome Index. The Regulatory
Governance Index assesses the regulatory
framework's institutional and legal design, which
determines the regulator's mandate. The Regulatory
Substance Index evaluates the electricity sector
regulator's performance in carrying out its mandate
by developing and implementing practices and
policies that affect regulatory outcomes. The
Regulatory Outcome Index measures the regulator's
impact on the sector and how regulatory actions and
decisions can achieve expected results for the
industry.®® The ER also includes the regulatory
performance of a country’s mini-grid and off-grid
systems.

of the current regulation or that regulation is vague
and inconsistent.®*

Only a handful of African governments, such as
South Africa and Botswana, have legalized
cryptocurrencies as digital assets but do not
recognize them as legal tender. The South African
government requires citizens to declare income
earned from cryptocurrency as part of their currency
gains. Botswana also recognizes cryptocurrency as a
digital asset and companies offering cryptocurrency-
related services are required to obtain a licence
from the non-Bank Financial Institution Regulatory
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Authority. The Central African Republic is the only
African country that has legalized the use of
cryptocurrency and recognizes Bitcoin as legal
tender.®® Other countries such as Zambia,
Mozambique, Nigeria and Kenya have regulatory
sandboxes in place to allow financial services
providers, including companies offering
cryptocurrency-related services, to test new
financial services or models with live customers
subject to certain safeguards and oversight. These
virtual or digital models allow companies to operate
legally and interact with regulators while the
government considers the most appropriate
legislation framework to introduce.

Narrowing down the focus countries

Figure 12 shows the overlap between the top ten
largest producers and the top ten cheapest
producers, giving the top five countries- Algeria,
Libya, Nigeria, Sudan and Tunisia. North African
countries dominate the list of the top ten largest
producers of electricity and also feature prominently
on the list of countries with the cheapest

average electricity prices. However, as

mentioned before, price is not the only factor
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Algeria
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Morocco R Angola
Sudan
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largest cheapest
producers producers

that bitcoin miners consider; the business and
regulatory environment are also important.
Governments’ position on crypto mining is unclear,
and nearly all have prohibited the use of
cryptocurrencies.”’ The government is the sole
participant in the electricity sector with very little
private sector participation except in Egypt and
Morocco, where IPPs are present. Among the top
five countries at the intersection of the largest and

In other cases, countries such as Kenya, South Africa,
DRC, Nigeria and Ghana have established innovation
offices that serve as a platform for financial services
providers, including cryptocurrency services
providers, to engage with regulators and better
understand the regulatory frameworks and their
requirements.®® There appears to be an overlap
between countries with regulatory sandboxes or
innovation offices in place and countries that have
legalized or, at the very least, allowed
cryptocurrency services providers to operate within
their borders legally. Therefore, regulatory
sandboxes and innovation offices are good
indications that a country is open to innovations,
especially in the fintech and cryptocurrency space.

cheapest electricity producers, Nigeria is the only
one with an active Bitcoin mining community and a
government that recently became friendly to
cryptocurrencies.®® Like Nigeria, electricity
penetration in Sudan is low, with high supply deficits
and power cuts. However, Sudan does not have a

Figure 12 Top largest and cheapest producers

government friendly to cryptocurrencies and the
country is embroiled in a civil war, making it
unattractive for investments. Chapter 6 analyses the
business and regulatory environment among the
fifteen countries shortlisted for this report, plus
Kenya. *Kenya is neither one of the top ten cheapest
nor largest producers but has been included on the
list because the country has made strides in Bitcoin
mining and some of the most documented use cases
for Bitcoin mining data centres being colocated at
mini-grids are from Kenya. A report from AMDA also
revealed that Kenya has the highest number of mini
grid among their registered members.>®

24



14

2207 Yueg uswdojaAaq edy ‘Tzoz |erod AS1au3 eduyy “Tzoz 4INS4aquioolg ‘00T Jued Pl4OM :S921n0S

3|qe1s Ajjeanijod

1534un |IA19 Sujousiadx]

3|qe3s Ajjeaijod | ekl g

AJ3unod ayy ul ajesado

‘pazipisgns (sddl) s4eonpoud Jamod juspuadapul

|10 pue sed ‘Jejos Aly8iy aJe pue pajesado-a1els aJe salHIUD ON "UOI30UN} JUSWUISA0S B Aj3sow

o xjw e 3uisn A3p13039|8 Sudnpoud sdd| 4noj sey uoIINQLIISIP pue UoeJSUIZ ISOW -Sdd| ON 2Je A11014399]3 Jo Ajddns pue uoiessuan
pauueq o1dAi) Vv/N pauueq 03dAiD

uolle|ndaJ |elrueisgns

Y3M Sa113unood jo AJo8aied ayy ul

v/N V/N 3 8uioeld (g4 40 IN0) OT 40 24035 |43 YSIH

A11214303]9 BUISS220E PUE SSAUISN]
e 8U[3J.1S Ul ||[9M PRJ0IS $314IUNOD UBDLY Y1JON
3uowe (g/) yued ssauisng 3uloq jo aseq i1sag

Aduanjosul uiajosas pue
$10BJ3U0D SUIDJ0JUD UO AlJo0d paJods "9gT 1k
S91J3UN0D UBDIIJY YION Suowe yued 1s9moT]

Aduan|osul ulAj0sad
pue ssaulsng e Sullels Jo sal103a3ed
ay1 ul Ajuood paJods ‘/GT payuey

A112143099 a8eJane 3sadeayd Jo upjuel ayl
Ul 92e|d YluaASS sulelulew pue ymo €5°ZT ‘7T
JUM B2y Ul Jamod Jo uadnpoud 1s98ie| Yylusnas

"J0393s A3J4auD 3y} ul saluedwod J0309s a1eAld Jo
uoneddiled Jo 10| B UD3Q 10U SeY aJay] pue [eJauad
Ul S310Ua44n203dAID Spaemol Ajpusily ussg 10U

SeY JUBWUJIaA08 ay] ‘eIsiun] pue euag|y 03 Je|iwis
‘InQg A1D11309]3 JO ddUBPUNQE UB 3ARY S0P 1l ‘S9214d

UMM/aSNEYOD 0 sad1d

elsiun|

UM/ASNSY0°0 1. saod a8elane
pue ymogty‘9/ 4o Ayoeded pajjeisul ue yum
e214JY Ul A31D1193|9 Jo Jaonpoud 1598.e| Yy1ano4

eAqn

UMM/asnecoo

1€ s9014d Ad309)9 1sadeayd

U3} Y3 sey pue edLyy Ul (UMDO6E'SS)
A3214303|3 Jo Jaonpoud 1sadue| paiyL

SVEY- 1V

(Teoe)
uonediued
10109S 91eAlld
uole|ngau
Buiuiw/oydAin
(zeoz)
uole|ngau
Aasnpuj

(ozoz)
ssauisng

8uloq Jo ase3
(Teoe)

2oud pue
uoionpoud
Ad113|3

BJLIJY YLON Ul JUSWUOJIAUD AJoje|nSal pue ssauisng *€ a|gel

A11214103|3 Jay31y Sey 022040|A 3|IYA\ "SIU3PIJU0D
15000 03 1UdWaAoJdw] Pa3au pue Jeam os|e

9. $3141UN0J Y10q 404 524025 ADUIA|OSUI BUIA|OSD
pue S10eJ1U02 3uU1dJ0JUT “Jeajoun aJe ulujw uj0dg
pue sa1oua44n201dAJd uo suoyisod SyUusWUISA0S
430g ‘JOASMOH BIII4Y YHON Ul JUSWUOJIAUD
Aiojendau pue ssauisng "€ 9|ge] Ul UMoys

se Ajgeaijoid 241ua2 elep Suluiw ulod1lg B UnJ 0}
SAISUdXa 00} pawaap S| Jamod plu3-uo §I sisulled
AAI1RUID]|E 30 PINOI YIIYM ‘Sdd| JO 9ouasald

3y} pue ‘A)o1309|3 3u13393 ‘ssauisng e 3uidels
JOJ $2J02S 9|qeJNOAR) 03 3NP SUONRdO JUBWISIAUI
aAI10eJ11e 9 0] Jeadde eluad|y pue eisiun]

$1431|y31Y eaLyy YHoN
JuswuoJInuL Alojein3al pue ssauisng ay3 SuisAjeuy



9¢

2207 Yueg uswdo|anaqg edluy ‘1zog |emod ASuauz eduyy ‘Tz0z 43NS1aquioolg ‘0Z0e Jueg Pl4OM :S924n0S

3|ges Ajleajod

a3jgels Ajjeainod

3|ge1s Ajeonjod

Ad Jej0s pue oupAy fo [njpuey
e pue paiamod-sed aJe yoIym 0 150w
‘Ansnpur AJou1o3)e syl ul Bunesado s4dl £

Ad JBJOS OM] pUB
sed Ag Ajzsow pasamod s44| jeuoielado 6

sddl paJelsiSal ou sey
pue padojanspiapun si 101235 AUaL1DR(3

pamoj|e
syasse o1dfud 3ng ‘soepd W uonendal on

pamoj|e s18sse 01dAID

goe|d ul uonendas oy

190 YUM 524005 |43 BU1 UD T payuey

60470 Yum
521005 |43 2U1 uo Jawuoyad 15aq yuno4

a2e(d 0T ul Supuel 521005 143
au3 ut (2z9'0) |1am Ajpane|al pawopad

Alou3o8)a Bumss pue fousn|osul
Bulajosal 10) 531025 ¥ESM PBU INg ‘s5aUIsng
e Buiuiels Japun |jam pauoos -TET payuey

Aouanjosul Buinjosal
ur Aprood 1ng Aln1i03)e Suimlss pue ssauisng
e Buruels vl |jam paioos - 1T payuey

5/T 10 juel e BulUlES
‘5311083162 13410 150W s5040e Apood
1ng ‘ssauisng e SulLiels 1o} ||Bm paiods

YANH/QSNSL00 3e seoud aFelane Jsamo)
3U1 Yua s31i1unod uat doa syl Buowe
3UJU JaqWINU Pue YMS96T '/ JUSUIUOD
ay3 uo saonpoud Jamod 1sa8ie] ypnoy

Algeyjoud s1elado 03 wWayi smojje
1eyy 8uidiud sjgesnoaey ssow 3uiienodsu Aq wody
pa111j3uaq aAeY L. ‘BUlUlAl UBl0J] Se yaNns ‘Sisulw

u10211g 1BY3 Sdd| 4o edoyia|d e sey AJaunod ay3

001 SSO| 21WOU023 pue AJLINd3sUl 1UeDIJIUSIS
01 3ulpes] ‘AJ3un0d Y3 Ul SUOIINLIISUI SdUBUISA0S
pue [eannijod sy pasiwoldwod sey suoioey
[ed131jod |BALI UD9MISQ 91eWS|e)S [edilljod v "10103s

i ]

Sunessusl

eUaBiN

yA/asnTo 0 Buyoeas seoud
a8eiane yum ‘TZoz Wi Jamod Jo YMOSED'ZT
WSURUOD 33 uo AJDL1I8|E
Jjo sigonpoid usy doy ay3 Suowe 5 saoud Auouos)s 1sedeays

eueys

UM LS 18 JUBUUOD
341 uo 3same| Y1 Suowse uoidwnsuod
Apinosie enden Jad symovie

18 B214JY 153/ Ul |3n3] uoneiauss ssmod
3samo| puooes pue ‘[ysifasnzoo o)

el

BI144Y 1S9/ Ul JUSWUOJIAUD Aloje|ndads pue ssauisng ¢ 9|qel

‘IS "eAq] pue ejdoiylg se yons $aluunod ul Jaysiy s
A31011303]9 JO 3o1d By o 'SUOIIOBSUR) J93d-03-493d
JO yimoud sy3 dois 10u pip SIyl Ing ‘sa1ouslindoidAid
yum 8ujjeap woly sassauisng paligiyodd juswuianog
3Y1 ‘TZ0T U] '} 10eUD 0113A sey ing ||iq 13sse |eudip

Jamod ayi Ajjeaiy1oads ‘|edauad ul SJUSWISIAUI
10103s 91eAld pioddns 03 Alljige s,AJ3Unod Yy 1noge
SUJ92U0D sasied eAQIT Ul Ajljigeisul |ea1iljod 1us23y
"SJUSWISIAUI JOJ UOI1do SAIDeIIE Ue 3q 01 Jeadde

e paleJp sey Aunod ay] ‘y 9|gel Ul Umoys se
AduaAj0SUl BUIA|OS3J pue A}D14323|3 Bul31a38 Joy Ajuood
INQ ssauisng e SullJels Japun A|gqednoAe) paiods pue
SSauIsNg Sulop JO 3583 J0J €TT payued sem eliadiN

SIYS11YS1y eslyy 1S9

10U $90P 1| ‘P3JIPISUOD DJE $SJ01IRS JBYIO USYM
1Nq ‘s9214d Jamod 1S9MO| 3y} 4O SWOS Sey 3 asnedaq
15414 3B J9PUSIU0D u0Jls 9 0} sieadde eAqn]



LC

01 uado uaaq sey AJlunod ay| ,.;'A11d11108|9 pasamod
-|]an} |1Ss0} pue 3jgemaual jo xiu e 3ujonpoud plud
931 JJO PUB UO Sdd| [BJDASS YUIM ‘101235 A1ID14309|

ay31 ul uojedioiied J03109S a1eAlId 3|getapISU0d
S| aJay] "B2lJY YINos puiyaq isnl ‘1odad ssauisng
8uloqQ Jo ase3 0zOz ay3 ul de|d ,G8 Ul sem eiquiez

‘SJauiw
u10231q 01 A313Us papuesls Jo ||9S Ajlerrusiod

p|nod siadojanap asay] ‘Ayljigejieaeun plug

01 anp pu3 ulew ay3 03 Jamod J413y3 ||9S 01 3|geun
9JE P|NOD YdIYyMm SUO(IN|os plS-4JO SNOLIeA pue
S9|geMaUSJ Ul JUSWISSAUI pajdedlie Ajduisealou)
sey 121)9p Jomod ay] "suopetado |euisnpul

pue |ejaJawwod Auew Joy s|geraiun Jjamod

P13 saxew ey Suippays peol Aq pande|d ||1as S|
AJIUNOD BY3 JUSUIIU0D 3Y3 UO J43onpotd A1D14109|9
1s98.e| ay1 u1aq 911dsaQ "G 9|ge] Ul uass se
SJO1S9AU| [BUOIIRUIDIU| PA1DRJIIIE 1BY] JUSLIUOIIAUD
AJo1e|n3aJ pue ssauisng 3UoJis e sey pue Jusuiuod
9yl uo Awou023 1538.4e| PUOIS BY3 SI BIIINY YINOS

‘s19dojaAsp plad-Iuiw se yans siaonpoad Jamod
1uspuadapur yum Ajgeqoud sajed pajennogdsu Japun
uaddey 01 sAey pjnom 3utuiw Jo adAy Aue ‘siojai9yl
‘Aed 03 8ul||Im 3Je sisulW Uj02}1q 1SOW 1eym

ueyi Jaysiy yonw si A31014199| Jo 9214d 3yl USASMOH

2270 dueg wuswdolanaqg ealyy ‘1z0¢ [erod ASuau3 eduyy ‘Tz0z 43NS1aquioolg ‘0Z0g Jueg pl4OAN :S924n0S

3|qe1s Ajjeaniod 3|qe3s A||E3130d 319835 Aj|e3m|od ECEEERTEE  sio39e) jagi0 |
siuepd oUpAy 10 |Nipuey e pue
Pulm AQ pRMO|I2y BUIP23| Ad
1BjOS YHM ‘S20IN0S 3|gemausl {tzoz)
wouy AJPupage Bupnposd uopedppied

Suneiado sd4dl 2

Sddl pa4a3si8ad 00T 01 350[0

Sddl pLE-uo op

uoniesado Ul ddl aUQ

103395 F1eAld

|eucieiado

uofieingay
Bujuw,

pamo|e 52J3Ua2 Suuiw o3dAss ‘2oepd
uoiyresuRl] s1asse ojdhug ul s33sse 03dAsD uo suone|nEay 20ejd W uore|nEas oN =oejd ul uonend3a oy
2090 sBunyual

}0 34005 [¥3 Jepiwls B Yyum =0e|d
5T Ul BjoSuy 3a0ge 1snl pajuel

550
10 34005 |43 ue yum azejd | TE

343 uo yigg Bupeld 3 W paYNsaL
UIIYM *809°0 10 34035 |43

B09°0 J0 2J025 B YUM
sEuIfues 143 ay3 uo 3ded a1

fouanosul

JuInjOs2S pUE S102J3U00 SUlDSoLUR
10) S2U025 3Y] Ueyl J1lag

=24am A2yl 1ng “Ajpanoadssl

‘@ '20 pue /g 18 BUOJ1S AUSA 10U
2Jam 531005 AuDl1D3|e Juiyes
pue ssauisng Sulop 3y “AioBazea
ssaulsng e Buiue)s 2yl U

25005 Buouls e yum _v3 pajuey

“Ajaniiaadsal ‘g pue

1°T9 pa40ds yaiym ‘spoesjuod
Buiojus pue AJDLII3)e BuileE
40 S315053183 34 Ul J3M0|
p2403s 3ng ssauisng e Suiuels
Jop3u00s ySiy e pey gg1e
LY YInos mojaq 1snl pajuey

fauamosur Juinjosad

pue s1oEfuod BunJojul
‘Apugoespe Buiyas Joy s3U005
HEIM pEY PUB TTT pRyuUEY

‘6t 18 M|

3UND OS|8 SEM 3J005 SSIUISNG
Bulop 5} “Aauanjosul Buinjosad
pue s1oeI3U0D Buluojua 1.
Aliood p3iods *fTT 18 pajuey

fodAn
(zzoz)
csui.ﬁﬂ._
Aasnpu)
{ozoZ)
ujsng

Hujoq jo ase3

S32UNDS 3|gEMausl

wioul paieiauad 51 Aunugas)e

s JoJuandad g8 YMN/ASNLS00
seM A31133)5 Jo aoud

adesane 3yl pUB YMOFL9'9T
Buijeiauas ‘eduly ulayInog

ul ssonpoud 153818 pay |

ABisua jpuudsyl

pasamod-e0d uo Juapuadsp
Aj2E1eT TTOT W YA/aSNTOT' O
1E s20ud AJIaos)e

s8eiane ypm (YMOET 679 08E)
Jzonpodsd AlDinoaps 15384e]

B3y wynos

532UN0S S|qEMSUII
Wy paiesauad st ALDgoRe
a2 o yusdsad g Leyl uopy
“aBesane uo YymN/asnoro o

je pajeiausE Molgas)s

343 pIaud puR YMDLSTES

U B3y LisLnog

ur s12onpodd 153)|ews 3Y3 Jo 3uQ

YA/OSNOTO 0 38 JWauuod
3y uo 3o1d Aou1Ds|= afeiane
1S3MO| pUOD3S SUMDEES T
Uum A3101933)3 o Jaonpoud
Jsadiej-yuinog 3yl pue

2314y Wayinog 3yl w Ayoedes
P3|[e15ul 152y BIy-puodag

BJ1}Y UJBYINOS Ul JUsWuUOoJIAUD Alole|nSal pue ssauisng § a|qel

"ASAJns ssaulsng 3uloQ JO 9se3 syl Japun sa110331ed
1UDJDJ4IP SSOJE [|2M AJISAD PJ0IS PUE [9AJ)
|eUOI1BU B 1B A1ID143D3] 0] $$9208 1U243d 08 J9A0
P3aA3IYD. SEeY 1BYl BIIILY ISOMA Ul SD1IIUNOD M3} 93
JO U0 S| BUBYD "S10BJIU0D SUIDI0JUS pue ADUSA|OSUI
8uin|0SaJ 104 $9102S 1S9MO| B3 JO BWOS pey

S1Y31jy8iy eonyy usayinos

0S|e $9143UN02 334y} ||V "S31IUNOD 33J4Y3 3Y1 SS0J0e
MO| AJSA S| S2UNJDONJLS [BUOIINYISUl PUE 9DUBUISAOS
Ul 92U3PIJU0D ‘810J343Y] ;' PISSaIPPE AjIUaIdIyNs
9( 01 13A 3Je Jem |IAID 3Y3 JO S3SNeI 1004 3Y3 JO SWOoS
‘@oead 3ujuieisns Ul suled spew sey eLaqgr] ysnoyly



8¢

sor (8G) BAUSY pue (£G) ealuly YInos JO sJ0ds dulesq
‘00T 40 1n0 s3ulod €9 1e s10eJIU0D 3U1DJ0JUD JOJ D40DS
(S®141UN0d uedLIY UBJIEYES-gNS SUuOWEe) 98eJaAB-UBY)
-19119q e pey 1l ‘USAIMOH "AdUSA|OSUI BUIA|OSSU 10}
$9J02S MO| SUIMOYS ‘Supjued ssauisng 3uloq Jo ase]
2yl ur doe|d ,6GT H001 INQ SBLIIUNOD URILYY 1se]
duowe soo1ud A3014303|9 15adeayd ayi sey eidolyig

Lor 1B9A [BIOUBUY ¥207-€20T

9y1 3ulnp Jus24ad € 1e s19sse |e3Ip Xe1 03 €207

ul ue|d e pP3|RBABI JUBWIUISAOS B/ 4o, 'SUOIDESURL]
pue 3uipus| J93d-03-493d 4O} SUOI}BAOUUI pUE
SyJomawed) ullsIxa Japun yum Aizunod sy utyum
91eJ4ado ued saluedwod ‘s1asse AdualindoidAid

Jo uone|ndal Jiay azijeuly 01194 s1 3 y3noyly
'SJ01S9AUI 24Nnsse 01 92e|d Ul suolle|ndal pue s10309s
SNOJJBA SSOJIB SJUBWISIAU| |PUOIIRUIDIUI PIORBILIE
sey Aiunod ay] "9 s|qeL Ul UMoYS Se J03123s 91eAlsd
15NQoJ Sey pue ssauisng Sulog 4O 9Se3 404 Sa143UN0d
uedlyy Suowe 3upjued 3say3ly ayi sey eAusy

"SQUI| UOIINQIJISIP PUB UOISSIWSU.J)

1IN0 p|ing 03 32A S| pue uoidaJ ayY3 Ul S31JIUNOD
J3410 01 pPa122UUOIJ31UI 10U S| 31l 9SNBID] SAUIUDD
elep ul023ig 03 [eadde s31 asied ||13s Wy3Iw siy3 os
‘ddVS U3 Ul sa1unod Suowe (MINO6T ) Aloeded
P3][B1SUl SS30X 1528.e| Y3 pey Bj0SUY "JUBWISIAUI

2207 Yueg wuawdolanaq ealiy ‘Tz0oz |erod ASiaul eauyy ‘120z 4INS4aqwioolg ‘0Z0T Jueg PO :S92uN0S

1534UN |IND BulpuaLadxg

3|qe3s Aj|eanog

31qe3s Ajlzaiied

15234Un AR Supusuadyg

dunesado sdd) oN

CJpAY pue pulm ‘Ad Jejos
Jo xw e wouy Suanposd sddl LT

Apioa)a sonpoad 0] Ad Jejos
25N Yaiym Jo Jusduad gs ‘pusd
343 0] PRIJBUUOD Sddl SE J2nQ

Sddl pUS-uc oN

| 1008} JAYO |
uopedppJed
Jopas

pauueg o1diud

Bunielsado

PuUE pRUSQRISE Apeaije
sauedwod Ui uodug
pue pamajje syasse 01dAig

pauueq oidAld

20e]d Ul JJoMmILEL
22u321| Buluiw woug
1nqg Suipusd uonejndau o1dAiD

WIN

sEUIuES
343 uo yig Fune|d YIym ‘56570
40 30025 |43 Sucuis Alaane|ay

Jopzas
Aqo15133)3 3yl Jof uoke|nEal
10 |3A3] |BIluRlSQNS B SUEDIpUI
'S31035 |43 U0 puUOd3s pIYUeY

lojaasgns

Aou3rajE 3 jo uonendas Jo
|2A3] WnipaL B Suilepul TS50
40 21035 B Y JUSLLSS3ISSE

{3 =Y U ;0F pajuey

Jaqo
TZ0T
aeALd

.
Bujujw foydA
(zzoz)
uopendal
Angsnpuj

“DOT/SE 18 24005 153yEam

241 sem Aauanosul Bula|osay
“ISYEIM YINUWE 3UIM S10BIJUCD
Supuejua pue Ay Suinad
Joys3403s 1ng *f 4 e s eidongi3
uey] 13112q Apydis sem 3u02s
sSaUIsNg Suels 8 v Jo 21005
2 yum ‘T41 32 Ajjeqo|d saujunad
0Z wonog 243 Suowe payuey

"S3IUNOD LBdLLY

134410 Uyl Janaqg AjsMie|as
auam A3y] "Suouls se jou

3UIM 521005 s)0espuod Bulaioua
pue AJuanjosul Buinjosas
yEnoyyy A301:003)2 Buzad pue
ss3UISNG B BUIlIB]S JO§ 530005
uo ySiy payuey "9g e Supjues
‘531025 1530 5,82144% JO UD

s3ulyl Jayo Buowe
‘fouanjosul Buinjosal pue
s10es3ued Sunious uo Apood
P34025 J 25N223G £TT pIjuey

0 12 mo| Aisa

pauods Aauaajosul Buinosay
“‘Buouls se jou 35am (£9)
spenuod Junioius pue (Qg)
Aouoag=s 8uyas Jof sau0dg
“ssaulsng e Bulle]s jo Adodazes
JY UL |2 Al2ALE|2d pRU0dS
1ng ‘65T 18 jued sood e pey

Ymi/asnzoo

12 e1doiulg J314e UOIEa 31 Ul
s331ud A28} 153MO) pUCIas
peH sjue|d JamodoipAy Woly
uan1ad pOT AesU YMBDSET'ST
yua szonpoid A3130U103)s 153808
pue 23Uy 3583 Ul {(AMINTSL'S)
Ayzeded paje1sul 1s380e) paIyl
uepng

YMN/OSNLYT O

1o 3Beiane |2UOIES)

au1 mojaq 15nl YMN/asnzoT o
sem 301d 38elane 51| “ADUDS|E
10 YMDELLTT INege Buijelsuss
‘uor8au 243 W saonposd
A3121303]= 1528ue) yunod

YMA/OSNTBLOO

12 s30ud AJDuas|e

IS2MO| YT YIIM S3LIJUNCT

u=1 doy ay3 Suolue aoe|d
U] eauly Ul (UMDEERDTT)
1538.2) pucaas 341 pue

BILLY 1583 Ul J30onpoud 15adie

YMA/asnLToo

12 paoud ‘YMDERE'ST
paonpoutd pus pPANTOE'F
Yum uoidss ay3 u Ajpedes
P2j|23sul 353431y puodas

ejdojn3

O}V 1SBJ Ul JUSWUOJIAUD AJole|nSaJ pue ssauisng ‘9 3|gel

0} |eadde s31 3upnpaJ ‘AdusAjosul SUIAJOSaJ pue
$10eJ3U02 3UldJojud Ul AlJood patods os|e Auunod
3y ¢o;'|B33)||! pawaap aJam suoiedado asoym
Sa133ua Suilasiel ‘zz0g Ul Suluiw ul021ig UO UMOP
P24 SABY 01 UMOUY S| JUSWUISA0S 8Y] ‘JIASMOH
'$9J1U30 eiep 3uluiw ul021lg 404 Jaued Jamod
SAI1BUIS}E UR 3¢ P|NOJ 1BY3} J0123S 3y} Ul Suljesado

s1y811y31y eou)y 1se3

Sddl Sey os|e 3| ‘ssauisng e 3uinels pue pud say3
uo Jamod JO 3214d Y3 JO SWI] Ul [|[9M $S3J02S B|oSUY

"saluedw 0D YIa3ul) 40 XOQPUES S jueg

[eJiua) ay3 ul Sunesado pue A1launod sy ul sduasald
e SUIABY PJBIMO||BA SE YoNs saluedwod yum
‘s912U44n201dAJD Sulpnjul “Yda33uly Ul UOIIBAOUUI



6¢

"A343uUs papueuls 3UISS320e J0) SAIlRUIDY

ue se syuswdojaAsp pl48-1Ull U0 UOI}RWIO}UI

ou pue 12149p A1014309|3 938ny e sey Anunod

33 ‘JaY1JIn4 "dWIl SWOS 10} INUIIUOD 01 A|aY1]|

S| pue 3sed 9y} Ul SJUSWISDAUL |RUOIIRUIDIUL PRJSPUIY
sey Ayljiqesul [eanijod 8yl o, "dWlidal Jiyseg |V 9y}

J0 121SN0 GTOZ 2Yl PaMO||04 1eYd In0||ey [eonljod 3yl
AQ paulel1suod AjaJanas Usaq sey AWOU0Id s,uepng

W93 wnipaw

03 Joys ayy ul Ayoeded ssa0xa Syl JO UOIeziauow
33 931e11|10e) 01 SUIIBPISUOD S| JUBWUIDA0S

9Y3 uoi1do auo S| Sujuiw ul023llg ‘aJoja4ay] Aojdsp
pUB 2JN235 01 SJE3A 3y Bl UBD YdIYyM ‘Saul| UOIINQLIASIP

PUB UOISSIWSUBJY P|ING 0} JUSWISIAUL [RUOIIPPE
SaJinbaJ 31 ‘||11S "Weq aouessieusy ueidolyij 1eaJo
8y1 Jo uona|dwod 3yl SUIMO||0} 4, 4amodolpAy

JO 3duepunge ue sey Asaunod ay] “‘AdusuindoidAid
8uiiein3aJ 40y JJomawlel) |eUOIIRU BY}

9zi|eul} 0113A s1Ing Suluiw UI0211g JO} WSIUBYIDW
durouadi| e 3upnpoJiul Yyum ssaudodd juedijiusis
apew aAey 01 AJJunod uedlyy 1sd1 oyl si erdoiyig



Key takeaways from the assessment

Table 7 shows an overview of how the top
producers and cheapest producers rank against each
other. Kenya, Ethiopia, Zambia and South Africa
stand out in terms of how they scored positively
across different criteria. Despite an average
electricity price that would make it unattractive to
most Bitcoin miners, Kenya is one of the few
pioneers of Bitcoin mining on the continent. The
country has an open policy for innovation, which
allows cryptocurrency companies to operate even
though it is yet to introduce separate legislation for

cryptocurrencies. The country has among the top
scores for Ease of Doing business on the continent,
attracting foreign investments across different
sectors, including the technology space. But it still
lags behind South Africa in terms of overall
investment across all sectors. Despite it's failing
infrastructure, South Africa still remains Africa's
second largest economy and has a well-established
regulatory framework to support and protect local
and international investments.

Table 7. Business and enabling environment analysis

Average Starting
electricity a
price business

Getting
electricity

Country

USD/KWh 0-100 0-100

Algeria

Nigeria 0.075 47.4
South Africa

Sudan

Tunisia 0.063

0.067

Enforcing
contracts

0-100

28.1
40

35.2
48.4

i
47.8

Crypto
regulation
status

Resolving
insolvency

Mini-grid

ERI score
systems

0-100 0-1 0-1
0.5

Yes/No
N/A
N/A

2 | oms | oss | wa
B oo | oeo | v

37
40.6 N/A

N/A N/A

-

B o |

NA |

055 | 0536
28.8 7N N/A
msEml v | v |

Scoring label | a(2021) b (2020)

50.8 493
[ c(2022) | c(2021) |d(2023)

Sources: BloombergNEF, World Bank, Africa Development Bank, Africa Energy Portal, own research

Category Scale

a- Average electricity price (USD/KWh)

b — Ease of doing business

¢ — Electricity regulatory index (ERI) score
d — Crypto regulation status

e —Independent power producers

5.10-7.59
26.00-50.99

0.50-0.59
Discussion

Notes: Ethiopia- Bitcoin mining licencing in place, crypto regulation pending; Kenya- Crypto transactions permitted but legislation is

pending; Nigeria- Crypto transactions permitted but legislation is pending; South Africa- Digital asset regulation in place; Zambia-

Crypto transactions permitted but legislation is pending
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Ethiopia scored well because it has some of the
cheapest electricity prices and a booming private
sector. Its Ease Doing Business scores demonstrate
how well the economy is performing relative to
other African countries. The country also has the
added advantage of being one of the few countries
with a licencing regime for Bitcoin miners. Further,
the expanded installed capacity means the country
has resulted in stranded energy being available to
Bitcoin miners while it builds out its national grid.
Electricity prices in Zambia are above the preferred
global average of 0.05 USD/KWh but still within a
reasonable range considering what Bitcoin miners
pay to mine in other countries. The country scored
relatively well under several Ease of Doing Business
criteria and the government it also crypto friendly.

Building a digital innovation ecosystem

This paper started by describing how Bitcoin mining
is part of a wider ecosystem of data centres.
Investment in data centres around the world is
expanding rapidly and the African region is far
behind, despite acknowledging the importance of
building such infrastructure. The Africa Union Data
Policy urges member states to "Adopt more
sustainable electricity generation models
domestically and across the region, to ensure the
foundational digital infrastructure supports
sustainable domestic and cross-border data
activities that have fewer extractive impacts on the
natural environment." 111 In 2023, there were only
121 data centres across Africa, with South Africa
hosting 50 data centres followed by Nigeria with 15
each, then Kenya with 10 and Morocco with nine.*2
Data centres are essential infrastructure for the
digital economy, and they bring several benefits,
among them improving data sovereignty, reducing
latency and costs of digital infrastructure,
stimulating innovation and growth, and expanding
digital inclusion.

The country has ambitious plans for developing
mini-grids over the next few years, which would
present an opportunity for partnerships with Bitcoin
mining data centres to ensure short- to medium-
term financial sustainability.

Egypt also scored well under various Ease of Doing
business indicators and the country has a well-
developed electricity sector that supplies sufficient
power to meet demand. The government has also
opened up the electricity sector to private sector
operators, which might be a good entry point for
bitcoin mining. However, the government has not
been friendly to crypto companies operating within
the country and its position on Bitcoin mining is
unknown.

Just like Bitcoin mining data centres, traditional data
centres that provide cloud computing services are
energy-intensive. The main difference is that
traditional data centres require consistent access to
electricity sources. Therefore, the current state of
electricity infrastructure in most African countries
cannot reliably provide a quality service to
traditional data centres without several backups to
mitigate any power loss. The need for backups
increases the cost of running data centres. The
operational flexibility of Bitcoin mining data centres
makes them ideal for operating in such challenging
environments. Bitcoin mining data centres can open
up opportunities for skilled jobs to develop and
maintain digital infrastructure, which will be
important skills going into the future. Investing in
data centre infrastructure and skills is important to
building a digital ecosystem that will support
innovation and growth. Promoting investments by
bitcoin mining data centres on mini grids can help
countries build out electricity infrastructure in rural
areas, which, over the long term can expand to
connect to the main power grid, when this is
economically feasible.
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Recommendations and

conclusion

Recommendations

To foster the development of mini-grids and Bitcoin
mining data centres, countries should adopt the
following policy measures:

o Protect the investments of mini-grid developers
by providing clear and transparent plans for
grid expansion and introducing legal
protections or adequate compensation for
mini-grid developers in case of grid
encroachment, which may undermine their
profitability and viability by offering lower
tariffs to consumers.

o Introduce clear and streamlined policies and
guidelines for Bitcoin mining data centres that
would enable them to obtain the necessary
licences and permits to collocate at public
utilities or mini-grid sites, and ensure
compliance with environmental and social
standards.

o Extend tax incentives on machinery and
equipment provided to renewable energy grid

Conclusion

The highest potential for Bitcoin mining in Africa lies
in mini-grids because this would reduce any
pressure on the main grid, which is already highly
constrained in most African countries. The few
exceptions are North African countries, which have
achieved nearly universal access to electricity but
have governments that are the least friendly to
cryptocurrencies and Bitcoin mining. Further, these
countries rely on fossil fuels to power their
electricity, which might not appeal to Bitcoin miners
looking for renewable energy-generated electricity.
Opportunities for tapping into stranded energy on
the main grid still exist in countries that have not
reached universal access but have excess capacity,
which has no way of reaching end users in the short
to medium term due to underdeveloped
transmission and distribution networks. This allows
countries to monetize stranded energy, improve

developers to Bitcoin mining data centres that
have long-term partnerships with mini-grid
developers, and facilitate access to finance and
credit for both parties.

o Promote and support skills development in
local training institutions to enable local talent
to participate in the development of the mini-
grid and data centre industries, and create
employment and income opportunities for rural
communities.

o Improve the business environment and reduce
the administrative and regulatory barriers that
affect starting and running a business, including
business registration, accessing electricity,
enforcing contracts and resolving insolvency.

These policy measures would help to create a
conducive and supportive environment for mini-
grids and Bitcoin mining data centres, and enhance
their contribution to rural electrification, economic
development, and climate change mitigation.

their investments' financial performance, and
increase their ability to pay off investment loans.

The use cases from Kenya and Nigeria have
demonstrated the positive impact of Bitcoin mining
data centres in improving the financial sustainability
of hydro-powered mini-grids. At the same time,
Uganda has similarly shown a successful pilot from
Bitcoin mining on solar PV mini-grids. These cases
provide some insights into potential partnerships
that mini-gird developers can consider as they plan
their investment in rural areas where anchor tenants
and productive electricity users are scarce. However,
due to the price sensitivity of Bitcoin mining, mini-
grid developers will have to provide globally
competitive prices that will attract Bitcoin miners
and they should also advocate for policy and
regulation that is friendly to Bitcoin mining to reduce
concerns of regulatory uncertainty. Further, Bitcoin
mining is volatile because it is sensitive to the price
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of electricity, the price of Bitcoin itself, and other
factors such as mining difficulty and block subsidies.

Therefore, these factors will determine if Bitcoin
mining operations remain profitable and if Bitcoin
mining data centres can continue operations. In bear
markets and due to the Bitcoin halving events, a
significant percentage of Bitcoin mining centres fold
up, which is a key risk for mini-grid developers
relying on them as anchor tenants. Therefore, a
good understanding of the Bitcoin miners' data
centres' business model and strategy for riding bear
markets and events such as the halving are

important factors for mini-grid developers to
consider when deciding on medium- to long-term
partnerships. Alternatively, mini-grid developers can
also build their own Bitcoin mining data centres to
streamline operations and manage costs.

While Bitcoin mining is not the ultimate solution for
addressing the challenges associated with expanding
electricity access in Africa, it does provide an
opportunity to ease challenges faced by mini-grids at
the forefront of providing access to electricity in
underserved rural communities most affected by
energy poverty.
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