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Foreword

Energy is a key inputin the food system and the basis
for rural development. Clean energy is critical for
people’s health, the climate, and the environment.
As demand for food continues to grow globally,
universal access to energy, and to electricity in
particular, will become an urgent necessity for the
production, processing, and consumption of more
nutritious and safe food. In Africa, high population
growth, urbanization, and a rise in middle-class
consumers together are fueling a sharp increase
in food demand. Access to reliable, affordable,
sustainable, and modern sources of energy to
prepare land, plant, harvest, process, distribute,
store and cook food, will ensure that Africa’s food
system can respond to this demand within the
context of increasingly scarce natural resources.

Access to energy has a transformative impact on the
livelihoods of the rural poor, reducing the drudgery
oftheirworkand generating higherincomes.Women
in particular spend less time on collecting biomass
for cooking and heating, and benefit from cleaner
air in their homes, while shifting to mechanical or
electrical power - such as for irrigation or milling -
can greatly reduce the time and effort spent toiling.
However, the overall average electrification rate in
Africa south of the Sahara remains low, undermining
the development of rural economies and hampering
progress towards meeting the targets under the
African Union Agenda 2063 and the Sustainable
Development Goals.

One option is to invest in small-scale, bottom-up
power generation and supply. Off-grid and mini-grid
technologies for hydro, wind, and solar power are
disrupting African energy landscapes and enabling
Africa’s consumers to leapfrog outdated and dirty
technologies.
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Ousmane Badiane
Co-Chair, Malabo Montpellier Panel

It is promising to see that several African countries
have taken bold steps to better connect rural areas
and food system actors to energy sources. This
report - Energized: Policy innovations to power
the transformation of Africa’s agriculture and food
system - provides a framework for policy innovation
and design, gives an overall picture, and focuses
on what six African countries - Ethiopia, Ghana,
Morocco, Senegal, South Africa, and Zambia -
have done successfully in terms of institutional
and policy innovation for energy expansion in
support of agriculture and rural people. The report
recommends that integrated approaches for energy
strategies and policies for agriculture also address
the synergies with health, the environment and
community development - such as the challenges
of continued high biomass-based energy use. In
addition, investments in technologies and in systems
innovation to scale off-grid and mini-solutions are
crucial alongside cross-border policies to ensure
energy security.

The Malabo Montpellier Panel convenes 17 leading
experts in agriculture, ecology, nutrition, and food
security to facilitate policy choices by African
governments to accelerate progress towards food
security and improved nutrition in Africa. The Panel
identifies areas of progress and positive change
across the continent and assesses what successful
countries have done differently. It then identifies the
most important institutional innovations and policy
and program interventions that can be replicated
and scaled up by other countries. The related
Malabo Montpellier Forum provides a platform to
promote policy innovation by using the evidence
produced by the Panel to facilitate dialogue and
exchange among high-level decision-makers on
African agriculture, nutrition, and food security.

T o S

Joachim von Braun
Co-Chair, Malabo Montpellier Panel
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1. Introduction and setting the scene

Africa’s energy landscape is evolving rapidly.
Dedicated programs to improve access to energy
over the last decade have greatly improved
electricity access for millions of Africans. Across the
continent the number of people gaining access to
electricity doubled from 9 million a year between
2000 and 2013 to 20 million people a year between
2014 and 2018, outpacing population growth. As
a result, the number of people without access to
electricity, which peaked at 610 million in 2013,
declined to around 595 million in 2018

The 2019 Africa Energy Outlook predicts that,
based on current and announced policies, African
energy demand will grow twice as fast as the global
average over the next two decades. Nevertheless,
nearly 530 million people will still lack access to
electricity in 2030.2 At the same time, Sustainable
Development Goal (SDG) 7.1 calls for universal
access to affordable, reliable and modern energy
services by 2030. Based on current trends, Africa is
not on-track to achieve this target by 2030 or even
20403

Africa still accounts for only 6 percent of the world's
energy demand, despite being home to 20 percent
of the global population. Of this, North Africa, South
Africa and Nigeria together account for nearly 60
percent of total demand in Africa but represent
only 35 percent of the population. At 0.7 tons of
oil equivalent (toe), Africa’s energy consumption
per person is also much lower than the global
average of 2 toe. Although Africa’'s electricity
demand is growing, it only does so at half the rate
of developing Asian countries and continues to be
constrained by inadequate supply.*

Furthermore, at 45 percent in 2018, the
electrification rate in Africa south of the Sahara
(SSA) remains very low compared to other regions
in the world.® It is estimated that 80 percent of
those who do not have access to electricity in SSA
live in rural areas.® In Africa as a whole, electricity
constitutes 10 percent of final energy consumption,
and per capita electricity demand is around 550
kilowatt hours (kWh) (370 kWh in SSA) - compared
to 920 kWh in India and 2,300 kWh in developing
Asia.

Africa is the largest consumer of traditional solid
biomass such as fuelwood, charcoal, and farm
residues (including animal dung) in the world.’
Cooking accounts for more than 70 percent of
household energy use in Africa, in comparison

with less than 10 percent globally.® Especially
for those cooking indoors in poorly ventilated
spaces, this means daily exposure to noxious
fumes and the burden of collecting fuelwood,
which falls heavily on women and girls. In 2017,
biomass-based energy accounted for more than
45 percent of total energy use in Africa as a whole,
driven largely by the traditional use of biomass for
cooking. In SSA, biomass-based energy's share is
estimated to be as high as 60 percent. Oil is the
second largest component in Africa’s energy mix at
around 23 percent, while gas makes up 15 percent
of the energy mix, coal 13 percent, and renewable
energies about 2 percent.’

Figure 1Total primary energy supply % by source, Africa 2017
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Source: IEA data 2019.

Africa’s continued reliance on biomass for
cooking, hot water, and heating is taking a toll
on the continent’s forests and soils. In addition to
contributing to land degradation, the typical partial
combustion of fuelwood emits carbon dioxide,
methane, and black carbon and is a major cause
of indoor air pollution, with damaging health
effects. Fuelwood scarcity, coupled with efforts
to make alternative fuels more widely available,
is expected to result in a switch away from wood
use, especially in urban areas. Since 2015, only
seven million people have gained access to clean
cooking options in SSA, meaning that the number
of people without access increased to over 900
million in 2018 as population growth outpaced
provision efforts. Furthermore, it is estimated that,
under current trends, nearly one billion people will
still lack access to clean cooking options in 2030.
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Box 1: Definitions

Biomass: Biomass is any organic matter, i.e.
biological material, available on a renewable basis.
It includes wood, charcoal, agricultural residues
and animal dung, as well as organic waste from
municipal and industrial sources. It can be converted
with basic techniques, such as a three-stone fire, for
heating and cooking.

Bioenergy: Bioenergy is the energy generated
from the conversion of solid, liquid and gaseous
products derived from biomass.

Biofuels: Biofuels are liquid fuels derived from
biomass. They include ethanol, a liquid produced
from fermenting any biomass type high in
carbohydrates, and biodiesel, a diesel equivalent
processed fuel made from either both vegetable oil
or animal fats.

Biogas: Biogas is a mixture of methane and
carbon dioxide used as fuel and produced by
bacterial degradation of organic matter or through
gasification of biomass.'

This is particularly true in rural areas. The overall
average electrification rate in SSA's rural areas is
a meager 23 percent, which severely limits the
development of rural economies and livelihoods."
The main challenge to rural electrification in SSA
is the limited commercial viability of expanding
connections. Low population density coupled
with the limited purchasing power of most rural
consumers make investment in rural electricity
infrastructure unprofitable in many cases.'? While the
cost of electricity supply in Africa is the highest in the
world, regulated tariffs are often below cost-recovery
levels, contributing to reliability challenges.

Partly as a result of this, Africa is the region with the
least mechanized food system in the world."® Africa’s
agriculture sector consumes only 6 million tons of oil
equivalent (Mtoe) of energy, compared to 27 Mtoe
in India and 42 Mtoe in China. Yet, the sector is the
largest employer. Almost half of Africa’s workforce
is engaged in agriculture, but the sector consumes
less than 10 percent of energy used for productive
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purposes.'In comparison,industry employsfarfewer
people and contributes less to African economic
growth but consumes more than two thirds of total
energy.'® Studies in Africa have shown a positive
correlation between energy consumption and
agriculture such that countries which consume high
energy have higher value added from agriculture."

Agricultural growth between 2002 and 2010
averaged 4.6 percent per year in Africa and has
increased to 5.1 percent per year during this current
decade.’ Yet, as the Malabo Montpellier Panel’'s 2018
report Mechanized noted, African agriculture still
relies heavily on manual and animal draught power
for production, harvest, and postharvest activities.
80 percent of the energy used to prepare land for
agriculture in SSA is human manual power.” Across
the whole agriculture value chain, manual power is
equivalent to 60 percent of total energy used - often
provided by women - while animal power represents
an additional 25 percent of farm power.2°2" Engine
power represents a meager 10 percent, compared to
developing countries in other regions where engines
provide 50 percent of farm power.?? In fact, African
farmers have 10 times fewer mechanized tools per
farm area than farmers in other developing regions,
and access has not grown as quickly. In addition, the
lack of proper storage facilities remains a major cause
of postharvestlosses in Africa where cold storage and
other postharvest processing facilities either do not
exist or are inaccessible to most smallholder farmers.
In order to drive agricultural mechanization and the
use of modern tools and technologies on and off the
farm, one option is package solutions that bundle
electricity provision with tools and technologies run
on electricity or other energy sources.

Access to reliable, affordable, sustainable, and modern sources of energy to prepare\
land, plant, harvest, process, distribute and cook food will ensure that Africa’s agriculture
sector can to respond to growing food demand and changing nutrition requirements,

kboth domestically and globally.
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Box 2: Smart bioenergy production

While agriculture is a primary consumer of energy in Africa, it is also an important source of energy
production. Crops such as sugarcane, maize, sorghum, and jatropha can be locally grown and used to
generate bioenergy where appropriate technology is available, thereby reducing reliance on fossil fuels.
And although the production of heat from bioenergy can be cost-competitive with fossil fuel alternatives,
lower fossil fuel prices have substantially reduced its attractiveness. Similarly, the cost-efficiency of power
generation from biomass depends critically on the scale of an operation or farm as well as on the availability
and quality of feedstock. However, in most cases the electrical efficiency of the steam cycle tends to be
lower than that for conventional fossil fuel plants.?

Processing biomass for bioenergy can also provide a new source of income to smallholders. For example,
in Ghana, a local women'’s group extracts oil from jatropha seeds and mixes it with diesel (70 percent plant
oil with 30 percent diesel) both to fuel shea butter processing equipment and to replace kerosene used in
lanterns.?* More sustainable and efficient use of bioenergy can also unlock the potential of the agriculture
sector by attracting new and additional investments to raise agricultural productivity. Africa’s bioenergy
capacity has increased steadily, reaching 1.2 GW in 2016 and accounting for 3.1 percent of renewable
capacity in Africa.?® Across Africa, bagasse, the dry, pulpy, fibrous residue that remains after crushing
sugarcane or sorghum stalks, provides up to 91 percent of the bioelectricity, particularly in Sudan, South
Africa, Swaziland, and Zimbabwe. Furthermore, the production of biogas-electricity is also on the rise and
several biogas programs are emerging across Africa, including in Mauritius, Kenya, Morocco, Burkina Faso,
Senegal, Tanzania, and Benin.?6?’

Although bioenergy — alongside solar, hydro, and wind power — is considered a promising source of
energy, production must be done carefully and be well planned. In fact, bioenergy entails risks that can
compromise food security and nutrition outcomes through changes in incomes and food prices. For now,
bioenergy production in Africa is likely to compete with food production for inputs, including land, labor,
water, and fertilizer. The issue of competition gained much interest in the second half of the 2000s due
to global food price increases and a sharp increase in the use of biofuels, which led to major investments
in the large-scale production of food and biofuels across SSA.282° Without appropriate regulation,
however, smallholders may be overlooked in the bioenergy production value chain as larger companies
or commercial farms invest in large-scale feedstock production. An increase in competition for land access
may also create new pressures on land tenure arrangements and contribute to land-grabbing.

Where agricultural efficiency is optimized, the competition over inputs - such as land, water, labor, and
fertilizer - decreases between food crops and feedstocks on the one hand and their use for bioenergy
production on the other hand.*® Agricultural systems must be designed in a way that creates synergies
between food and energy production by improving the yields of food crops while at the same time
addressing the increasingly pressing energy demands in rural and urban areas.®' Crucially, evidence
from Tanzania shows, that in order to maximize the benefits of biofuel production for poverty alleviation,
smallholder farmers need to be involved in the process and their agricultural productivity be enhanced.

On the other hand, as global demand for food®?
continues to grow, universal energy access is
becoming an urgent necessity, both for the
production and consumption of food. In Africa,
high population growth rates, urbanization, and an
increase in middle-class consumers are together
fueling a sharp increase in food demand. Access
to reliable, affordable, sustainable, and modern
sources of energy to prepare land, plant, harvest,
process, distribute and cook food will ensure that
Africa’s agriculture sector can respond to growing
food demand and changing nutrition requirements,
both domestically and globally. Wlthout access to
|mproved energy services, Africa. not be able

Equally important, studies show that there is a
two-way causal relationship between energy
consumption and GDP growth. Access to energy
is a key ingredient to raise national productivity
and stimulate economic growth. At the same time,
growing populations and rising incomes increase
demand for energy, as households spend extra
income on energy and require more energy for
production. Without adequate energy services and
infrastructure, economic development and poverty
alleviation in SSA may be hampered. These links are
especially evident for low income countries over the
long-run.3




Women and young people (particularly girls) could
spend less time collecting biomass for cooking and
heating and benefit from cleaner air in their homes.
Shifting to mechanical or electrical power for tasks
such as irrigation or milling would reduce time and
effort spent on these tasks. More time would be
available for education, leisure, and other income
generating enterprises.®>%* Indeed, as households
improve their economic status, they also move up
the energy ladder, transitioning to more efficient
and cleaner sources.*” This takes places in a context
where agriculture as a sector is becoming more
information  intensive, knowledge-based, and
data-driven. Thus, enablement for information and
communications technologies (ICT), as highlighted
in the Malabo Montpellier Panel’'s 2019 report Byte
by Byte, is now a critical factor in the transformation
of Africa’s food systems. Connectivity, both on- and
off-grid, is crucial.

To achieve universal access to energy by 2030 on the
continent, the energy access growth rate will have
to reach 8.4 percent annually, significantly higher
than the current 5.4 percent.®® According to the
International Energy Agency, investments will have
to increase almost fourfold to approximately US$
120 billion per year until 2040 in order to achieve
reliable electricity supply across Africa.® In addition
to public sector finance, investments will need to be
leveraged from domestic, international and private
sources and innovative products be designed to
enable rural communities to contribute fairly to
the cost of energy services. Given the scale and
investment needs, this presents a unique investment
and commercial opportunity for the private sector,
through the development and scalability of
innovative solutions and technologies.

One option is to invest in small-scale bottom-up
power generation and supply. Off-grid and mini-grid
technologies for hydro, wind and solar power are
already disrupting African energy landscapes and
enabling Africa’s consumers to leapfrog outdated
and dirty technologies”. Approximately 15 million
peoplein Africa are now connected to mini-grids and
almost 5 million had solar home systems in 2018.4
Moreover, it is estimated that by 2063 renewable
energies, including wind, solar, hydro, bio, tidal, and
geothermal energies, will represent more than half
of the energy consumed by African households and
businesses.*’ Combined with Africa’'s mushrooming
digital market, small-scale, micro, and nano energy
solutions offer tailored services for the specific

needs of farmers. For instance, mini-grid and off-
grid solutions now integrate additional services,
such as remote monitoring, Uber-like scheduling,
mobile money, and various pay-as-you-go models
including rent-to-own, leasing, service for fee, and
agricultural extension support to ensure that costs
are covered.

Atthe same time, improving the efficiency of existing
infrastructure will reduce losses - both energy and
financial - incurred from disruptions, thus ensuring
that existing services reach more people. As global
food systems have become more industrialized, they
have shifted away from traditional energy inputs
towards fossil fuels. In most regions, the agriculture
sector has also become more energy efficient, thus
producing more value with less energy growth; in
Europe the energy intensity of agriculture® dropped
by 20 percent between 2000 and 2012. However,
Africa has gone in the opposite direction with
energy intensity tripling during the same period.*?#
By leapfrogging emissions-intensive technologies
and being energy-smart, African agriculture can
significantly reduce its contribution to future global
climate change.*

[t is promising to see an expansion in energy
generation from renewables. For example, the
recently launched Lake Turkana Wind Power Project
in Kenya will provide 310 megawatts (MW) of
clean energy to Kenya's national grid.*> Similarly,
the Taiba Ndiaye Wind Project in Senegal will
generate 158MW of additional capacity. In Ghana,
the planned Nzema Solar Power Station will be the
largest installation of its kind in Africa. It is expected
to increase Ghana's electricity generating capacity

*-Dirty technologies are those technologies associated with (high) greenhouse gas emissions.
1- Energy intensity measures the energy efficiency of an economy or a sector of an economy. The numerical value is calculated by taking the ratio of energy use (or energy

supply) to gross domestic product (GDP).
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by 6 percent and allow nearly 100,000 homes to
benefit from clean energy. Furthermore, Morocco
seeks to deploy about 1.5 gigawatts (GW) of solar
and wind capacity across the country to meet its goal
of increasing the share of renewables in its energy
mix to 42 percent by 2020. And South Africa signed
contracts worth US$4.6 billion with 27 independent
renewable energy power producers to produce
2,300 MW of electricity between 2018 and 2023.4¢

Although the use of energy - particularly renewable
energies - in the African agriculture sector is rather
new, important lessons can be learnt from policy
innovations and successful interventions in several
African countries. Their experience shows that
access to energy has a transformative impact on the
livelihoods of the rural poor, reducing the drudgery
of their work and generating higher incomes. This
report begins with an overview of the state of energy
use within Africa’s agriculture sector, outlining why
connecting Africa’s rural areas to grid and off-grid

energy sources is so crucial to achieving a food
system transformation and sustainable economic
growth. The overview is followed by a detailed
analysis of the energy needs in each segment of the
agriculture value chain. The next section focuses on
existing continental and global policy frameworks
that support governments in their drive towards
achieving universal energy access. Section 5
discussestheingredientsofanenablingenvironment
for the smart use of energy in the transformation of
rural economies and the food system. The report
closes with an in-depth analysis of what six African
countries at the forefront of progress in this area
have done in terms of institutional and policy
innovation as well as programmatic interventions.
Drawing on the experience of these countries -
Ghana, Ethiopia, Morocco, Senegal, South Africa,
and Zambia - the report provides some key lessons
and offers five recommendations for action by
African governments and the private sector.




2. Action Agenda

Africa has the opportunity to leapfrog and develop
smart energy systems by leveraging the potential
of renewable energies and new off-grid and mini
solutions. Important lessons can be learnt from those
African countries at the forefront of connecting their
rural areas to energy - be it on- or off-grid - to the
benefit of agriculture value chain actors. By adapting
these lessons to countries’ specific contexts and
by bringing them to scale, African governments
will accelerate their progress towards the targets
set under the African Union Agenda 2063 and the
Sustainable Development Goals.

Drawing on the findings of the six case studies
presented in this report, the Malabo Montpellier
Panel recommends that African governments
design integrated approaches for energy strategies
that benefit rural areas, scale up investments in off-
grid and mini-solutions, and address the persistent
challenge of biomass-based indoor cooking and
associated health risks. The Panel further stresses
that innovative finance mechanisms and upgraded
institutions are needed, as well as cross-border
policies to ensure energy security at all times:

\K 1. Designing integrated approaches

Energy is a key input for agriculture and agricultural transformation. Joint strategies for energy by ministries
and departments that have responsibilities for energy and those responsible for food, agriculture and rural
development can thus address concurrent opportunities. Integrated approaches to energy strategies and policies
for agriculture will ensure that targets for energy access are achieved in good time and to the benefit of rural areas
and are consistent with the overall development strategies adopted by African countries.

ﬂ 2. Scaling investments in off-grid and mini- grid solutions

Concessionary finance and investments at scale by governments and the private sector are needed in small-scale
bottom-up power generation and supply. Off-grid and mini-grid technologies are having a disruptive impact on
African energy landscapes and enable Africa’s consumers to leapfrog outdated and dirty technologies. Combined
with Africa’'s mushrooming digital market, small-scale, micro, and nano solutions offer tailored services for the
specific needs of farmers. Investments in start-ups and businesses to innovate and expand are needed, as are
incentives to leverage further investments, particularly in the renewable energy sector.

3. Adopting gender-responsive energy strategies

As major actors in farming, food preparation as well as processing, women are primary energy managers at the
household level. They are thus affected in different ways by the lack of access to improved energy services, with
considerable consequences for growth, health and the environment. The design and implementation of energy

strategies as well as the choice of technologies and tools need to be adequately gender-responsive to yield
maximum benefit for rural communities and the broader economy.

yrn
ﬂ 4. Addressing the multiple challenges of biomass-based energy use

Biomass-based energy needs to be transformed in Africa’s energy mix towards clean and environmentally friendly

systems. Governments, the private sector, and farmers’ organizations need to ensure that biomass is produced

more sustainably, and more emphasis needs to be placed on ensuring that indoor cooking is redesigned to be

more environmentally friendly and not harmful to health.

w 5. Developing cross-border policies for energy security

A regional policy framework that governs the development and use of renewable energy sources across borders
is required for an effective exploitation of Africa’s substantial but unequally distributed energy resources.
Renewables can help reduce the reliance on imported fuels while diversifying the power mix. They also can be
deployed in a decentralized manner, which means they can be deployed faster than centralized power plants.
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What works at country-level?

he experiences of six African countries that have been atthe forefront of progress on connecting rural

areas to energy through dedicated and effective government action offer a wealth of lessons. Their

successful policies and interventions, which if replicated at scale, could enable African countries to
make faster progress in the fight against poverty and hunger. The policy and institutional innovations as
well as programmatic interventions by Ethiopia, Ghana, Morocco, Senegal, South Africa and Zambia are
discussed in depth in section 7. The below offers a summary of the key actions.

Ethiopia

Ghana

Morocco

Senegal

South
Africa

Zambia

Ethiopia has placed electrification as a core element of its agricultural and rural
transformation strategy. Through its Climate Resilient Green Economy strategy launched in
2011, Ethiopia has set sector-specific strategies in preparation for transitioning to a green
economy. This includes expanding electricity generation from renewables and leapfrogging
to energy-efficient technologies in the agriculture sector. Furthermore, through dedicated
programmatic interventions, the government has integrated the electricity supply with
other services to enhance productive capacity and has leveraged different energy sources
to broaden energy access.

Ghana has placed a strong emphasis on facilitating private sector engagement through
regulation and on expanding local research and technical capabilities. Furthermore, the
government followed a path of liberalization for leveraging private sector investment in
the energy sector and to diversify its energy mix, including an increased use of renewables.
Ghana's programmatic interventions are directed towards achieving universal energy
access, with a focus on rural areas and the agricultural processing sector.

A strong drive towards achieving energy efficiency and to create a private sector market for
increasing the use of renewables in Morocco’s energy mix is clearly visible in the govern-
ment'’s policy design and implementation. Furthermore, the government has sent a strong
signal for adopting renewable energies at scale through setting fiscal incentives, including
subsidies to farmers for the use and installation of solar pumps and panels.

Senegal passed legislation to liberalize the energy sector, incentivizing independent
power producers (IPPs) to produce electricity. Since then, IPPs have been mushrooming,
contributing to the achievement of the government's electrification targets. Furthermore,
the government has prioritized to expand electricity access in rural areas with a target of 60
percent by 2022. Attempts have also been made under the country’s Energy Policy Letters
to jumpstart the domestic biofuel production and to diversify the energy mix.

South Africa has placed a strong emphasis on bridging the energy gap for poor communities
and rural areas, with an early focus on off-grid solar PV systems for rural areas. Access to
electricity in remote areas was facilitated through a decentralized provision that was more
cost-effective than grid connections and alternative energy sources for electricity generation.
Through several programmatic interventions, South Africa also seeks to crowd in the private
sector to boost and diversify its energy supply. For example, the government invited IPPs to
tender for licenses to sell electricity to the Eskom grid under a 20-year purchase agreement.

Zambia stands out for its commitment to strengthen and diversify its energy supply
through fiscal incentives, including reduced import duties. Furthermore, the country has
taken a cluster-based approach to agricultural electrification through “farm blocks” that
are equipped with basic infrastructure and complemented by industrial cluster zones
for agricultural processing. To meet increased energy demand and connect rural areas
to electricity, a government strategy seeks to expand electrification using a combination
of grid extension and off-grid solutions. The government also draws on different smart
financing tools for power supplies and farm equipment, such as Rent to Own and funds
that de-risk companies’ costs of operating and expanding.







3. Energy needs in African food systems

In order to increase agricultural land and labor
productivity, make rural employment more
attractive, achieve future growth and poverty
reduction targets, and improve overall food security
and nutrition on the continent, African governments
are set to increase the access to and facilitate the
uptake of modern farming inputs, and improve
access to markets for rural areas. This includes
improved access to and use of energy, which can be
achieved through a mix of traditional and renewable
energy sources. As indicated in figure 2 along the
agricultural value chain, energy is needed to operate
farm equipment and machinery, such as for seeding,
plowing, and irrigation, as well as in the later stages
of food transformation, storage, and transport.’
Mechanization, through both mechanical and
electric tools and machines, can increase yields
through improved irrigation, planting, weeding,
and harvesting. Estimates show that a farmer using
a combination of power-based mechanization and
animal power can provide enough food to feed up to
50 people, compared with just 6 when using draught
animal power alone.”® In addition, energy access
may reduce post-harvest losses through improved
cooling, chilling, pressing, and drying technologies.
Estimates indicate that over half of fresh fruits and
vegetables produced in SSA are lost or wasted,
and nearly half of these losses occur during post-
harvest handling and processing.*” In many cases,
food losses lead not only to food insecurity but
also to higher poverty levels. Evidence shows that
a reduction of just 1 percent in postharvest food
losses could lead to annual savings of US$40 million
for the entire continent.®® Where energy input is
available, famers can adopt modern productivity-
enhancing technologies for food transformation
and processing, thereby facilitating their integration
into high-value and export-oriented value chains.
Furthermore, through storage and processing
facilities, farmers can add value to their crops or
sell when prices are higher, thereby increasing their
income from what they grow.®

Figure 2 Energy intensive activities across agriculture value chains
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Beyond production, energy inputs are also essential
to improve food safety and to preserve the nutrient
contentoffood -inturnimproving the nutrition status
of both producers and consumers. Importantly,
appropriate energy inputs facilitate increased
consumption, and therefore commercialization of,
often perishable yet nutritious crops. Furthermore,
investments in  energy infrastructure could
significantly reduce market transaction costs and
food waste across the continent.

At production level

To improve Africa’'s agricultural productivity,
increased levels of energy input are urgently
required. Until now, human muscle - manual - power
has been the dominant energy source in African
agriculture. Access to energy can significantly
improve the capacity of farmers to deploy new
technologies, tools, and machinery in tillage,
plowing, and weeding. A typical farm family can
cultivate up to 1.5 ha per year when relying on
manual power. This increases to 4 ha per year when
using draught animal power and 8 ha per year when
using tractors.>2

In addition, smallholder farmers require appropriate
energy-based technologies to dig wells and lift or
pump water from groundwater aquifers and other
deeper water resources for irrigation.>3 As discussed
in the Malabo Montpellier Panel's 2018 report
Water-Wise, upgrading irrigation technologies to
gas-, diesel-, or solar-powered water pumps can
save significant save time and labor - particularly
for girls and women - and lead to improved yields
and incomes. Recent research estimates that the
expansion of irrigation by about 30 million ha using
small-scale motorized pumps in SSA could generate
net revenues of US$22 billion per year and improve
food security and incomes for about 185 million
people, depending on fuel prices and supply
reliability.>
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Box 3: Solar-powered pumps for irrigation

Solar technology in combination with pumping
systems for irrigation is a more environmentally
friendly alternative to diesel- or gas-powered
pumps. Solar-powered drip irrigation systems
require no batteries and have lower maintenance
costs. The pumps are self-regulating, operating
at greater capacities on sunny and hot days
when evapotranspiration is higher. In northern
Benin, solar-powered drip irrigation pumps were
installed on plots of 0.5 ha and tested against
similar plots reliant on hand-watering methods. On
the solar-power irrigated plots, yields, incomes,
and household consumption of vegetables were
significantly higher compared with households
using hand-watering methods. Overall, the
standard of living for beneficiaries increased by 80
percent relative to non-beneficiaries. Although the
solar-based techniques have higher up-front costs,
a hypothetical comparison with motorized pumps
has shown that the overall cost-effectiveness is
higher when fuel prices are high and when solar
technologies are used on large farms. But with
high up-front costs, solar-powered technologies
may only be affordable for farmer cooperatives or
larger-scale government-led irrigation systems. >

Box 4: Smart Solar Irrigation in Senegal

In Potou, Senegal, the Earth Institute of Columbia
University installed three smart solar PV irrigation
pumping systems in 2014 as a part of the
Powering Agriculture program. A centralized
solar plant with a single PV array and monitoring
and control system powers individual pumps that
provide approximately 30 kWh of pumping per
day. Farmers on 21 farms can control their own
pumps as needed and pay for the service on a
pre-paid credit basis, like a mobile phone scratch
card system. To keep the costs for installation and
maintenance low, the system does not include a
battery, and only operates while the sun shines.
Farmers receive a two-week introductory grace
period, after which they are charged US$ 0.60 per
hour. By the end of the project in March 2016, the
Smart Solar Irrigation project led to a 29 percent
average increase in production, much of which is
now in high value crops, while farmers on average
earn between US$1,500-2,000 per season.
Moreover, this system has greatly reduced the
drudgery of irrigating using wells and buckets. The
solar system has also avoided 24 tons of carbon
dioxide that would have been emitted by diesel
pumps.>

Food storage and transformation

Energy access can also improve the storage of
highly perishable produce. In Nigeria, 20 percent
of fish, 20 to 30 percent of grain, up to 50 percent
of fruits and vegetables, and 50 to 60 percent of
roots and tubers are lost due to poor postharvest
handling practices.”” Poor access to energy is
among the main factors contributing to this waste
and loss.*® Electricity can power cold chains, which
would reduce food - and income - loss. Moreover,
farmers with access to cold chains are better able
to specialize in high-value perishable products such
as dairy, meats, fruits, and vegetables particularly
when cultivated in tropical or sub-tropical climates.*
In addition to the preservation of quality, access
to energy can allow farmers to spread delivery of
agricultural products over time in order to supply
markets more continuously. This can increase the
bargaining power of farmers, and ultimately increase
profits from what they grow.¢

Box 5: Fruits and vegetables in Cameroon

In Cameroon'’s northwest and western provinces,
farmers are forced to sell their produce when
prices are low due to limited processing capacity.
A low-cost, medium-sized ventilated gas dryer
developed by Winrock International allows farmers
to dry their crops, including peppers, spices,
greens, fruits, and mushrooms, as well as meat and
fish. The dryer produces high-quality dried fruit
and vegetables that can be sold at more distant
and lucrative markets. Equipped with a drying
space of 5m?, the dryer allows users to control
air circulation throughout the drying process for
efficient energy consumption and production.
The dryer is constructed using locally available
materials. Local manufacturers are trained to
construct and maintain the dryers. It is estimated
that by processing one ton of fresh peppers a
year, approximately US$2,000 of net income can
be generated, which is more than three times the
capital investment made in the dryer.¢'

Furthermore, energy can significantly improve food
transformation, including cleaning, drying, milling,
pressing, crushing, and pulping. Estimates indicate
that approximately 1 million tons of additional
milled rice could be made available in SSA by
using appropriate - locally available, suitable,
and adapted - milling machines, which in turn
would halve postharvest losses. This translates to
17 percent of current rice imports per year, worth
US$410 million. In addition, it could potentially lift



almost three million people working in rice farming
out of poverty.®?2 However, the high costs of energy,
for example in Senegal - equivalent to up to 60
percent of operational costs - severely impact the
profitability of mini-dairies, which use diesel for
generators or butane for pasteurizing.®?

Box 6: Solar-powered portable cooling system

Half of the milk produced in Kenya does not reach
dairy processors due to storage or transportation
issues. Recognizing the need for affordable cold-
chain technologies, SunDanzer in collaboration
with Winrock International, has developed a small-
scale portable cooling system tailored for use in
the Kenyan dairy market. The system incorporates
a photo-voltaic refrigerator that uses solar energy
to cool a chest refrigerator. This uses phase-
change materials—substances capable of storing
and releasing large amounts of energy—for energy
storage. SunDanzer also developed milk-can
blankets to retain the cold as farmers transport
milk to collection sites. The system aims to increase
dairy farm productivity and income by significantly
decreasing milk spoilage. Effective cold-chain
storage lowers bacteria count and improves milk
quality for consumers. It is estimated that these
improvements can help improve the livelihoods
of approximately one million smallholder dairy-
farming families in Kenya. Through participation in
USAID’s Powering Agriculture: An Energy Grand
Challenge between 2013 and 2018, SunDanzer
delivered and installed 60 solar-powered milk-
cooling refrigerators in Kenya, as well as two units
in Rwanda.®*

Transport and Distribution

One of the largest energy costs in the food system
is associated with the transport and distribution
of agricultural produce. The so-called “first mile”
(the distance from farm to the collection point)
often only represents only 0.4 to 10 percent of the
logistics chain length, but 20 to 37 percent of the
transport cost for high-value crops such as French
beans, bananas, and potatoes.®® In Kenya's Nyeri
County, the cost of transporting onions over the
first 2km accounts for around 10 to 20 percent of
the income that farmers would derive from selling
their onions.®® Where access to cold storage and
transportation is limited, food prices tend to be
high, leaving nutritious food out of reach for most
rural households.®” As discussed in the Malabo
Montpellier Panel’'s 2018 report on agricultural

mechanization, improved and more cost-efficient
transport systems are therefore essential to minimize
the time lag between harvesting, processing and
retail, and to reduce overall costs to farmers. In
addition, adequate temperature control is required
to preserve the quality and shelf life of perishable
products as they are transported to markets.%®

Box 7: Milk collection, processing and distribution

Nearly 90 percent of the milk consumed in Senegal
is imported in the form of powder. The productivity
of local cow breeds is low at an average of just 0.7
liters per day, primarily because of lack of fodder.
Because of this and limited access to markets,
farmers do not view milk as a source of income.
In 2005, a local company, the Laiterie du Berger,
started processing milk produced by local herders
in northern Senegal. The company set up a milk
collection system using tricycles to collect milk
twice a day from about 800 herders within a radius
of 50km around their factory. The exact number of
herders fluctuates every season but for those who
stay in the region, the company provides fodder
for the cows, veterinary support, and a guaranteed
price for their milk. As a result of an increased
and stable income, herders gain opportunities in
education, energy provision and health services.
The company now employs more than 100 people
across the country. Thanks to refrigerated trucks,
the company's Dolima yogurt and créme fraiche
are distributed in more than 8,000 points of sale in
Dakar and smaller towns and villages.®’

Food consumption

At the household level, the availability and use
of energy has a direct impact on what food can
be consumed, and thus on the nutritional status
of household members. Limited or no access to
appropriate cooking fuel means that eating and
cooking habits need to be adjusted by reducing the
number of meals, switching to foods that require
less cooking time, undercooking food, or using
some food crops as fuel instead.”® Conversely,
access to energy, particularly electricity, improves
the ability of a household to store and consume
more nutritious food, such as fruits, vegetables, dairy
products, meat, and other nutritious crops by using
a refrigerator or communal cold stations. Evidence
shows that in many parts of Africa, one calorie from
a chicken egg or from fruits and vegetables costs
more than nine times as much as a calorie from the
local staple food crop.”! Inadequate dietary diversity

o



in households reflects at least partially the relatively
high cost of nutritive foods. Moreover, households
with access to cheaper and reliable energy also
have a greater share of income available to spend
on more nutritious foods.

As Africa’s agricultural production transforms
from subsistence farming to a commercial activity,
propelled by population growth, urbanization,
demographic changes and new dietary habits, a
positive feedback loop develops in which its food
system processes become more mechanized

- in turn requiring more energy.”> Moreover, as

farmers earn higher incomes, they are better able
to pay for energy services, strengthening the case
for investments in infrastructure. The provision of
improved energy services to rural communities can
transform agricultural productivity, improve nutrition
outcomes, and positively impact rural development
across Africa. Providing greater access to energy for
Africa’s rural communities, can stimulate productivity
growth and associated value chain activities, and
hence wider economic transformation. With these
impacts, the provision of energy services enables
countries to meet their commitments to continental
and global agendas.



4. Continental and global policy frameworks

The importance of energy for agricultural
transformation and economic growth is widely
recognized, putting energy policy at the forefront of
African continental and international development
agendas and strategies.

Continental policies and initiatives

At the continental level, under the African Union
(AU) Agenda 2063, Aspiration 1, “a prosperous
Africa based on inclusive growth and sustainable
development”, reflects African governments’
commitment to improve access to energy for
economic transformation and poverty eradication
by tapping into its energy sources, with a dominant
role for Africa’s vast renewable energy potential.”?
Under the Malabo Declaration, African governments
have committed increasing the use of reliable and
affordable mechanization and energy supplies.”*

In 2015, under the mandate of the AU and
endorsed by the Committee of African Heads of
State and Governments on Climate Change, the
Africa Renewable Energy Initiative was launched to
accelerate the increased use of renewable energy
sources. The Initiative seeks to add a minimum of
10 GW of new and additional renewable energy
generation capacity by 2020 and to generate at least
300 GW by 2030. In addition to household access
to energy, the effort uniquely targets access for
productive sectors, such as small-scale farming and
micro, small,and medium sized enterprises - thereby
going beyond measuring success by megawatts.
It also aims to support African governments in
developing and transitioning to renewable energy
systems, in line with their low-carbon development
strategies, thereby improving the continent’s energy
security.”®

Furthermore, the Clean Energy Corridors in Africa
program initiated in 2014 involves 30 governments,
regional organizations, development partners, and
financial institutions to support efforts to meet the
continent’s fast-growing electricity needs through
accelerated development and optimal use of
the region’s renewable energy resources. Clean
Energy Corridors were first established within the
Eastern and Southern Africa Power Pools initiative
to help African countries scale up renewable power
generation and cross-border electricity trade. The
West Africa Clean Energy Corridor was adopted
by the Council of Ministers for the Economic
Community of West African States (ECOWAS) in
2016. The Corridors primarily focus on the large-

scale development of renewable-based electricity
sources with a cross-border trade dimension to
benefit from resource efficiency and economies of
scale.In 2017, the AU recommended the integration
of the initiative into national renewable energy and
climate change agendas.”®

The delivery of the targets under the AU Agenda
2063 is further supported by the Africa-EU Energy
Partnership (AEEP) and Power Africa. Established in
2007, the AEEP is designed to increasing investment
to provide secure, affordable, and sustainable
energy for both continents. The partnership aims to
catalyze access to modern and sustainable energy
services foratleastan additional 100 million Africans,
through provision of T0GW of new hydropower, 5
GW of wind power, 500MW of solar and a tripling of
all other renewable sources by 2020. At the end of
2016, nearly 7 GW of hydropower, 3.8 GW of wind
power, and 2.4 GW of solar had been installed. It
is expected that all targets will be met comfortably.
In addition, between 2008 and 2016, European
commitments (including bilateral commitments
from France, Germany, and the United Kingdom)
to energy projects in Africa increased from US$1.9
billion to US$3.3 billion.””
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Providing greater access to energy\
for Africa's rural communities, can
stimulate productivity growth and
associated value chain activities,

and hence wider economic
transformation. ’ ’

In 2013, Power Africa was launched under the
leadership of then US president Obama, for a
period of five years. The aim of the initiative was to
add 10 GW of new power generation and to expand
access to power to 20 million households and
businesses including agriculture, animal husbandry,
and agribusiness.”® Following the success of the
first phase, during which nearly 80 percent of its
original targets were achieved, a second phase of
the initiative, Power Africa 2.0, was launched in 2018
by the US Agency for International Development
(USAID). In a partnership model that brings
together multiple US government agencies, African
governments, and public and private sector actors,
Power Africa 2.0 aims to develop transmission
and distribution resources, improve governments’
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capacity to manage their power sectors, and level
the playing field for competitive investment - to
add a further 30 GW and 60 million connections to
SSA. Power Africa facilitates private sector access to
concessions for electricity production. To facilitate
private sector investment the US Overseas Private
Investment Corporation, US Export-Import Bank ,
and USAID provide loans and guarantees.”

Furthermore, the long-term energy sector strategy
(2013-2022) of the African Development Bank
(AfDB) seeks to achieve inclusive, sustainable, and
increasingly green growth in Africa, promoting the
use of renewable energy sources in all economic
sectors. [tseeksto ensure universal accessto modern,
affordable and reliable energy services by 2030,
and to support regional economic communities in
their efforts to achieve and maintain access to high-
standard energy services for all.2 AfDB launched the
New Deal on Energy in Africa to inject momentum
into the energy challenge, catalyze finance and
improve regulation and governance of the sector.
Delivered through a platform for public-private
partnerships - Transformative Partnerships on Energy
for Africa - this ambitious program seeks to add 160
GW on-grid capacity by 2025 and 130 million new
on-grid transmission and grid connections by 2025,
the equivalent of 160 percent growth. It will do so
by transforming utility companies, dramatically
increasing the number of bankable energy projects,
particularly “bottom of the pyramid” energy access
programs with a focus on women; and accelerate
major regional projects to drive integration. By 2016,
US$1.7 billion had been dispensed, developing 546
MW of additional capacity, 96 percent of which was
from renewable energy sources and over 21,000
km of distribution lines and 641km of transmission
lines. The AfDB has pledged an additional US$12
billion of its own resources and US$45-50 billion of
leveraged resources to further support the delivery
New Deal for Energy in Africa by 2020.*’

Global policies and initiatives

At the global level, SDG7 commits countries to
ensure access to affordable, reliable, sustainable
and modern energy for all by 2030.82 Under the
goal, countries seek to achieve universal access

to modern energy services, double the share of
renewables in the global energy mix, and double
the growth rate of energy efficiency.

Priorto the formulation of SDG7, in September 2011,
then UN secretary-general Ban Ki-moon established
a new initiative called Sustainable Energy for All
(SE4ALL). The initiative sought to ensure universal
access to modern energy services and to double
the rate of improvement in energy efficiency as
well as the share of renewable energy in the global
energy mix by 2030. As the initiative evolved, it
has sought to convene leaders in government, the
private sector and civil society to accelerate action
to achieving SDG7, and now provides an annual
update on progress towards achieving targets.8

In addition, the Clean Cooking Alliance - a public-
private partnership (PPP) hosted by the UN
Foundation - seeks to save lives, improve livelihoods,
empower women, and protect the environment
by creating a thriving global market for clean and
efficient household cooking solutions. The Alliance’s
“100 by '20 goal” calls for 100 million households
to adopt clean and efficient cook stoves and fuels
by 2020. Established in 2010, the Alliance seeks to
drive consumer demand, mobilize investment to
build a pipeline of scalable businesses, and foster
an enabling environment that allows the sector to
thrive.® Among the Alliance's seven focus countries,
four are in Africa: Ghana, Kenya, Nigeria, and
Uganda. Furthermore, Burkina Faso, Central African
Republic, Cote d'lvoire, Democratic Republic of the
Congo, Ethiopia, and Lesotho are national partner
countries that have ascribed to the principles of the
Alliance.

In order to meet the ambitious targets set under
continental and global policy frameworks, countries
need to have in place a favorable enabling
environment characterized by inclusive policy
design, the active involvement of women, and
adequate infrastructure and technology provision,
as well as an attractive business and investment
environment to catalyze and leverage private sector
financing and innovative capacities.




5. Creating an enabling environment

Previous sections in this report have demonstrated
the importance of improved energy services to
transform African agriculture. The immediate
benefits of shifting away from human- and animal-
labor intensive practices in African agriculture
include better health and welfare - particularly for
women and young girls. More importantly, the use
of improved energy services in African agriculture
leads to increased productivity, higher incomes,
less food waste, cleaner air, reduced environmental
degradation, and better nutrition outcomes. It is
thus critical that Africa’s public and private sectors,
and local communities work hand-in-hand to
deliver an energy transition that will accelerate the
transformation of Africa’s agriculture and achieve
wider development objectives.

However, suchatransition mustbe managed carefully
to ensure that the outcomes are environmentally
and socially sustainable. While improved energy use
has been shown to improve yields, “the relationship
between energy inputs and productive yields is not
linear.”® Beyond a certain limit, additional energy
inputs have greater negative consequences on
the environment and climate and potentially on
employment, than positive impacts on productivity.

Therefore, to create an inclusive, sustainable, and
effective energy transition for Africa’s agriculture, it is
critical that appropriate institutional arrangements,
regulations, infrastructure, financing, and capacity
building mechanisms are put in place, ensuring the
government, private sector, and local communities
too have clearly defined roles.

Holistic and inclusive policymaking

Driving an energy transition for Africa’s agricultural
transformation requires clear vision, leadership, and
commitment at the highest levels of government.
The scale of the challenge and the rapidly changing
landscape of solutions calls for a new - more inclusive
- approach to policymaking. Several countries have
developed, or are in the process of developing,
national energy and electrification plans, either
integrated in, or aligned with, national growth
and development plans and poverty reduction
strategies.®

It is critical that these energy and electrification
plans be reinforced with a supportive policy and a
regulatory environment that leverages the strengths
of the private sector and includes local communities.
To provide the policy certainty that investors and

implementation partners require, the World Bank
recommends that governments devise a long-term
commitment to electrification (at least 15 to 20
years) to allow the formation and implementation
of institutional, technical, economic, and financial
systems.®” Moreover, by sharing these plans with
relevant stakeholders and potential investors,
governments can coordinate interventions to ensure
that they meet the objectives and are targeted and
effective. For instance, the government of Rwanda
shares its grid extension strategy with potential
energy suppliers (including social enterprises) and
provides long-term concessions with clear exit
options so as to allow them to invest in appropriate
capacity building.®

As agriculture is a significant contributor to African
economic growth and poverty reduction, energy and
electrification plans must define clear policies for
stimulating the uptake of improved and sustainable
energy services in food and agricultural systems.
Often these plans simply address the supply side of
energy. However, to ensure that capital investments
in infrastructure can earn a return, financially
sustainable plans also need to address the demand
side. Investments in infrastructure must therefore

be matched with programs to accelerate the uptake
of agricultural machinery and technologies that rely
on energy. Likewise, agricultural policies must also
include substantial focus on the use and supply
of energy. Furthermore, within the agricultural




ministries, necessary linkages with irrigation plans,
post-harvest processing, and storage as well as food
distribution will ensure that solutions address whole
value chains and food systems.®’

Equally essential is cross-government endorse-
ment of national targets for universal energy access.
Earlier sections have shown that the provision and
use of improved energy services in agriculture
encapsulates synergies among health, environment
(including water and land use), and community
development sectors. Therefore, multisectoral
cooperation among these ministries and depart-
ments can create holistic and more coordinated
policy formulation for smart energy systems,
delivering solutions that address concurrent
challenges.”?19293 By establishing an intersectoral
taskforce constituting representatives from minis-
tries, and overseen by the head of state or equiv-
alent, governments can ensure that strategies and
policies are developed in harmony with health, air
pollution, climate, water, land use, food, and trans-
port policies and targets.”*

While coordination at the ministerial level is critical
to ensure policy coherence, implementation will
only be successful if rural communities are at the
heart of policy design in the first place. As the ones
living in energy poverty, rural consumers must be
consulted and involved throughout the process
of policy formulation,’>? ensuring that programs
are tailored for local contexts, are sustainable and
deliver real benefits to rural communities.?”?8

An innovative approach to ensuring that voices from
rural communities are heard was employed by Sierra
Leone’s Energy Revolution Taskforce. The Taskforce
brought together 149 provincial ‘paramount chiefs’
during the design and implementation phases,
thereby ensuring buy-in during the implementation
phase. The Taskforce also comprised other key
stakeholders including development partners,
business, and industry associations as well as the
Ministry of Finance, thus becoming a powerful
collaboration tool between the Rural Electrification
Agency and the National Renewable Energy

Association. Finally, the Taskforce is accountable
directly to the president, accelerating progress in
delivery.791%0

Gender-responsive energy policies

As the primary energy managers in their farms,
households and businesses, women are variously
affected by the lack of access to improved energy
services. Not only are women major consumers of
poor energy services, they are also often the main
supplier of energy to the households. Fuelwood,
coal, and agricultural waste constitute the largest
sources of primary energy in much of rural SSA and
women are largely responsible for their collection
and preparation (chopping wood), with substantial
economic, social, health and safety costs. As
deforestation and climate change make resources
scarcer, women are forced to travel farther and for
longer, putting additional pressure on their time,
health, and security. It is estimated that more than
40 million work-years are spent annually in Africa on
fuelwood gathering and slow biomass cooking.'"
Therefore, the use of efficient energy saving
technologies for cooking can significantly reduce
the time spent on gathering fuelwood, and increase
the time that can be devoted to other economic
activities.’® The continued use of fuelwood and
charcoal for cooking, warming water, and heating
has significant negative impacts on the health of
Africans, especially women and children. Each year
nearly 600,000 people die in Africa due to chronic
illnesses caused by air pollution from inefficient and
dangerous traditional cooking fuels and stoves.'®

In Mali, evidence shows that access to energy
and appropriate cooking technologies can yield
substantial benefits to health and welfare of
households through the time saved in the lives of
women and children, combined with the added
socio-economic benefits to women.' While an
evaluation of the Ugandan Energy Saving Stove
Project showed stove users reported a 21 percent
reduction in acute respiratory diseases compared to
non-users.'%



Box 8: The SEWA charcoal cookstove in Mali

To improve the energy efficiency of household
cooking, the Household Energy and Universal
Access Project (HEURA) in Mali supported the
production and dissemination of 500,000 efficient
cookstoves to reduce household consumption of
traditional biomass. It was launched in 2004 by the
government of Mali with financial support from the
World Bank and the Global Environment Facility.
Cookstoves are manufactured locally by a network
of metal artisans in Bamako under the brand name
SEWA using locally produced ceramic liners. The
firms manufacturing and distributing the ceramic
liners were subsidized in the first three years of
operation. After the subsidy period, Katene Kadji,
one of the firms under HEURA, partnered with
E+Carbon, a US carbon project developer, to set
up a carbon offset project selling carbon credits to
private companies in Europe and the United States.
The income from sales has covered the costs of
carbon registration and monitoring and allowed
for expanded production and subsidized sales of
stoves. By 2014, around 180,000 stoves had been
sold benefiting 1.6 million people. In addition
to social and environmental benefits, use of the
stove reduced household spending on fuel by 25
percent and reduced particulate matter pollution
by 56 percent compared to a three-stone fire.'%

Atthe sametime, without access to improved energy
services, women are forced to resort to manual
power for productive activities, including weeding,
irrigation, and distribution.’” It is estimated that the
average female labor share in crop production is 40
percent, but slightly above 50 percent in Malawi,
Tanzania, and Uganda, and substantially lower in
Nigeria, Ethiopia, and Niger at 37,29 and 24 percent
respectively.08109

Therefore, making improved energy and
appropriate technologies available to women, can
catalyze women's wider empowerment, accelerate
their economic advancement, and bring wider
social and environmental benefits. In Ghana, rural
electrification programs allow women to run small
businesses from their homes, such as preparing and
selling snacks." In the Kalale district in northern
Benin, introduction of solar-powered drip irrigation
systems in gardens farmed by a cooperative of
45 women meant that women only had to fetch
water once or twice per week, rather than every
day. Women also saved up to four hours each day
by using modern technologies for watering plant

beds.”" In contrast, in Mazuru, Zimbabwe, women
walk nearly 4 km or more each day to bring water
from a dam site to irrigate their farms.'"2

The availability or absence of modern energy affects
women and men differently. A survey conducted by
Practical Action in rural Togo revealed gendered
differences in priorities for energy use. In addition
to security and safety, women prioritized energy
for pumping drinking water and processing crops,
including milling, threshing, and hulling. Men
prioritized mobile-phone chargingandheatingwater
for washing. It is therefore essential that women be
involved during the design and implementation of
energystrategiesandthatwomenleadtheinnovation
of technologies and tools, which deliver energy
services to rural areas, to ensure that end products
meet their needs, and those of their families.’

Box 9: Diesel-powered multifunctional platforms in Mali

Between 1993 and 2012, a program by
UNDP, UNIDO, and IFAD in Mali promoted
the empowerment of women by supplying

multifunctional diesel-powered machines to rural
villages to decrease the burden of fuel collection.
The women'’s groups covered 40 to 60 percent of
initial cost of the machines. The multifunctional
machines supply power for time- and labor-
intensive work including milling and de-husking
and electricity for approximately 200-250 small
bulbs, welding, or pumping water. Between 1999
and 2004, up to 400 platforms were installed
benefiting 8,000 women. Initially, women benefited
from the capacity-building and institutional support
and later were in charge of operating the platforms,
drawing on the support of a network of private
suppliers and technicians. An evaluation from
12 villages found that the platforms significantly
reduced the time required for labor-intensive tasks
from many hours to a few minutes per day. Women
spent the time saved on other income-generating
activities, leading to an average daily increase of
US$0.47 in their income. Rice production and
consumption also increased, an indirect benefit
arising from time saved, while the ratio of girls to
boys in schools and the proportion of children
reaching grade 5 increased. Improvements in
women'’s health and increases in the frequency
of women'’s visits to local clinics for prenatal
care were also reported. Due to the reported
success of the program, UNDP and partners have
implemented similar programs in Burkina Faso,
Ghana, Guinea, Niger, Senegal, and Togo."™



Infrastructure and new technologies

Several factors determine the most effective
way to connect communities: the terrain and
natural resources, the demographics of the
community (size, population density), distance
to national grid, level of economic activity, and
socioeconomic, cultural and political realities.’>"®
Following privatization and reform of energy
supply utilities in the 1990s, African countries
sought to connect more communities to a central
grid. Traditional grid extension programs have
successfully connected millions of citizens in
countries such as Cote d'lvoire and Tunisia as a result
of sustained government commitments, effective
prioritization and planning, lower construction
and operation costs, sustainable financing, and
maintaining a customer focus.""” Yet grid extension
programs have not kept up with population
growth or increasing energy consumption. The
total electricity supply in SSA, excluding South
Africa, is approximately 100,000MW in a region
with almost one billion people. In contrast,
Spain produces the same amount of energy for
a population of less than 50 million people."®

For other countries, grid extension programs into
remote rural areas are limited and unlikely to occur
at large scale for political reasons or because of

poor financial viability or simply the sparseness of
population. In such cases, mini-grids or individual
systems fill the gap in rural electricity provision.""?
Centralized grid extensions are costly, slower
to construct, capital intensive, and face high
operational costs. Poor rural populations are rarely
able to afford the high rates required to recover
the costs of construction, further encumbering
electricity companies and governments who have
to heavily subsidize service provision. Finally, where
grids rely on fossil fuels, they are exposed to volatile
global oil prices and contribute to global climate
change. Other common challenges include poor
planning and the use of low-quality equipment to
meet targets quickly; inadequate maintenance; loss
of trust in electricity companies, which are often
large national monopolies; and theft of electricity,
often without construction and safety standards
- all of which lead to insufficient, poor quality and
expensive service provision.'?

The impact of centralized grid extension (rural
electrification) schemes on agriculture across
other parts of SSA is limited, at best.’2"122
In Rwanda in 2013, about 3.5 years after
electrification, electricity consumption and uptake
of appliances remained low. Although electricity
consumption for mobile phone charging and
entertainment (radio, TV, computers) increased,
there was little change in productive use, such as
machinery for agriculture. Nonetheless, there was a
small increase in the number of small enterprises,
as well as an improvement in the productivity and
profitability of existing ones. Mills benefited most
from access to electricity, as they switched from
expensive diesel operations to cleaner, cheaper,
and faster electric machinery, making them more
profitable too. But these results were only relevant
among those who could afford to and were willing
to pay for the connection from the low voltage
electricity lines (60 percent). For the others, it was
simply too costly to connect to the grid.'?® As a
result, this program and similar centralized grid
extension programs across the continent have
been hampered with low connection rates (due
to high connection fees) and weak productive
use of electricity.'® Therefore, to avoid further
indebting governments, grid extension programs
tend to require heavy subsidization unless they are
deliberately designed to keep costs low and recover
part of the investment.’?® These shortcomings of
central grid extension programs have provided an
impetus to identify new and innovative approaches
to addressing Africa’s energy challenge.



In Ghana (see also case study), the Self-Help
Electrification Program took a more bottom-
up approach: communities within 20km of an
existing grid could apply to the Ministry of Energy
to accelerate their connection on condition that
they take responsibility for the construction of
low voltage distribution lines. In addition, at least
one-third of the households are expected to be
wired and ready to connect to the grid. Once
these preconditions have been assessed and
approved by the Ministry of Energy, implementing
agents are awarded contracts for construction and
maintenance and the Ministry of Finance funds the
program. Despite the arduous approval process,
nearly 2,000 towns were connected through
this program between 1990 and 2008.'%

Countries are also increasingly incorporating
renewable energy sources into their central supply,
because they are cheaper and cost-recovery time is
shorter; they diversify grid composition, providing
additional energy security; and contribute towards
climate change commitments. Geothermal sources
constitute over 650 MW in Kenya's supply, expected
to grow to 1,869 MW by 2030 - approximately
25 percent of total production.'? In addition, the
recently completed Lake Turkana Wind Power
Project added over 11 MW to total production,
expected to grow to 861 MW by 2030, which will
represent nearly 12 percent of total production.?®
Once completed, the Gibe Ill dam in Ethiopia is
expected to produce 6,500 GWh annually, thereby
doubling the country’s total current production.
However, the growth in renewable energy across
the continent will have to be matched with
updated modeling systems to accommodate the
variability of production, particularly from solar
and wind sources. It will also be necessary for
grid operators, planners, and renewable energy
developers to cooperate closely to adapt to the
constantly changing parameters and to revise the
rules and regulations of their existing systems.'?
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Only 7.5 percent of power crosses borders\

within the South African Power Pool, while the
kCentral and East African Power Pools trade less

than 1 percent each.

Increased regional co-operation

Regional power pools - aggregated markets for
energy generation and demand - also have a vital
role to play in the energy landscape in SSA. Unequal

distribution of energy sources and the high cost of
investment require the strengthening of regional
cooperation.30.13

Sharing power across national boundaries
provides an incentive to increase diversity of
primary energy sources, improve efficiency,
stabilize and secure energy supply, and make
systems more robust. Studies have found that
by increasing regional energy integration in
SSA, countries could reduce capital spending by
more than US$40 billion and save nearly US$10
billion in costs for consumers per year by 2040."32

Despite the presence of at least four power pools in
Africa, none is actively trading significant amounts
of energy: only 7.5 percent of power crosses
borders within the South African Power Pool, while
the Central and East African Power Pools trade less
than 1 percent each. Power pools can be particularly
attractive options for smaller countries such as
Rwanda, Ghana, or Senegal, for which connecting
to imported electricity could be cheaper and
faster. If designed well and with sufficient technical,
financial, and political support, power pools can also
be strong tools for regional economic integration,
collaborative innovation, and stability.’33 134

Access to reliable energy

More investment in energy infrastructure is urgently
needed in Africa. In addition, improving the
efficiency of existing infrastructure and technology
offers “low hanging fruits” to address energy gaps.
Aging and inefficient power generation plants
and transmission and distribution networks are
leading to high losses and reducing the availability
and system reliability of electricity in Africa, with
frequent and lengthy blackouts and brownouts.
Most businesses in SSA cite the lack of energy
access as a major obstacle to their growth and
development, particularly in the food sector. About
29 percent of food-sector firms considered the lack
of electricity a constraint to investment, compared
to just 15 percent of businesses in other economic
sectors.”® In Sierra Leone and Uganda, more than
30 percent of households that are connected to
the grid reported never actually having electricity.
In Liberia this figure is a staggering 50 percent. In
Burundi, Ghana, Guinea, Nigeria, and Zimbabwe,
among other countries, more than half of connected
households reported receiving electricity less
than half of the time in 2014. Yet, data shows
that for every percentage point increase in the
frequency of electricity outages experienced by
businesses, output declines by 3.3 percent.'®



The World Bank estimates that countries in SSA
experience annual outages ranging from 50 to 4,600
hours, requiring use of expensive and polluting
generators.”” Power outages in Malawi cost the
country up to 7 percent in GDP. In contrast, regular
and reliable electricity would add 2 to 3 percent to
countries’ annual GDP. For the agricultural value chain,
power outages reduce the efficiency of agricultural
machinesand processing plants, disruptirrigation,and
spoil refrigerated food, particularly affecting dairy and
perishableswithin cold chains.’*® Therefore, improving
the quality of existing infrastructure and ensuring
its maintenance would have an immediate effect by
increasing the energy available for distribution.!3? 140

When combined with energy saving policies and
improved access to efficient and high-quality end-
use equipment, regular maintenance of existing
infrastructure ensures smaller losses of energy
produced, thus ensuring that existing infrastructure
can serve more people.’#1: 142

Increase energy efficiency

In addition to increasing Africa’s capacity to produce
energy and the operating efficiency of its existing
infrastructure, there is also a need to improve the
efficiency of consumption, that is to use less energy to
achieve the same level of output. In most regions the
agriculture sector has become more energy efficient,
thus producing more value with less energy growth. By
growingenergy consumptionfromrenewable sources,
farmers will be less exposed to volatile global oil
prices, while improving their agricultural productivity
and incomes, as well as their climate resilience.'?

The benefits of increasing energy efficiency include a
reduction in energy prices and energy demand, which
may lead to an increase in renewable energy uptake
by improving the financial feasibility of renewable
energy investment.'™ Barriers to energy efficiency
include the lack of a locally trained workforce that is
needed for project design and implementation and
the maintenance of energy infrastructure, a weak
regulatory environment, and a lack of access to
financing for energy efficiency projects. Standards
institutions also play a vital role to ensure that all
machinery, technologies, and appliances using
electricity perform at the most efficient levels.

Following recent blackouts and brownouts in South
Africa, the national energy supplier Eskom issued
advice to actors in the agricultural value chain on
reducingtheir energy consumption and improving the
efficiency of their processes, systems, and technology
in order to reduce their vulnerability to fluctuations
and high costs. The advisories recommended simple

behavioral change actions such as switching off
building lights at farms and repairing irrigation system
leaks to reduce overall energy consumption.'

In Kenya, energy auditors have been trained since
2014 to conduct energy audits in 68 tea factories,
which has resulted in energy cost savings of
US$13.5 million, prevented the deforestation of
1.3 million trees, and led to an emission reduction
of 10,000 tons.' In Ghana, a program for labeling
appliances with energy use and efficiency information
was initiated in 2005 has reduced electricity
demand by up to 120 MW. The program saved
the government US$105 million in investment for
electricity production while reducing emissions by
more than 11,000 tons of carbon dioxide annually.’
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Mini-grids and off-grid technologies

Even as grid extension programs are gaining
renewed support, including from the New Deal
for Energy in Africa, the explosion of off-grid and
mini-grid technologies is disrupting African energy
landscapes. A mini-grid is comprised of small-scale
electricity generators, and in some cases energy
storage systems, connected to a distribution network
that supplies electricity to a small, local group of
customers and operates independently from the
national transmission grid. Off-grid technologies such
as solar-powered irrigation (drip and pumping), solar-



or biogas-powered cold storage and dryers, and
hybrid-powered tractors operate independently of
a central or mini-grid.

Advances in technologies have made mini- and off-
grid solutions more practical and viable alternatives
to centralized grid extensions. These decentralized
technologies are smaller, faster to construct and can
employ more flexible models of financing than grid
extensions.'® They often take advantage of local
natural resources, and hence better accommodate
rural communities. Mini- and off-grid solutions
also provide the flexibility of using singular or a
combination of different sources of energy. Fossil-
fuel-based mini-grids offer stability in service
although they are more vulnerable to fluctuations
in oil prices. On the other hand, "green mini-grids”
- which solely rely on renewable sources are more
climate-friendly, less polluting, and cleaner. As
technologies evolve, mini-grids can also combine
fossil fuels and renewable energy sources to
provide more reliability and resilience.

Although mini-grids generate less than 10MW of
electricity and connect customers through local
distribution networks, they are sufficiently large
to support small agro-processing operations
and stimulate economic growth. In Tanzania for
example, a hydro-powered mini-grid in Ludewa
District was installed in 2009 serving 1,600
customers in 10 villages. Among other benefits, the
residents were able to press their own sunflower
seeds rather than exporting them for processing.'*

Well-constructed mini-grid systems are also less
prone to outages and connect consumers at a
much lower cost than extending national grids to
rural communities.”®In some cases, mini-grids can
be connected (back) to feed into centralized grids,
providing communities with an additional source of
income, or reducing the cost of their energy, when
more energy is produced than consumed. Because
mini- and off-grid technologies are diverse in scale
(individual to community), they are more conducive
to bottom-up inclusive planning and to creative pro-
poor financing models. They can also be replicated
and scaled out, thus ensuring that solutions deliver
real benefits to the users. With these advantages,
it is estimated that 140 million rural Africans will
be connected to mini-grids by 2040, requiring an
additional 100,000 units to be built.”>

Box 10: Tapping into Africa’s renewable energy
potential

Although the importance of switching away
from fossil fuels is widely recognized across the
continent, Africa’s vast renewable energy potential
remains largely untapped. The main potential
sources of renewable energy are hydro, solar, wind
and geothermal. With abundant perennial and
nonperennial water resources, Africa’s hydropower
potential represents about 10 percent of global
hydropower potential, yet Africa currently only
exploits a meager 7 percent of its potential. The
largest share of the continent’s hydropower potential
is concentrated in the Inga Dam in the Congo
basin."?

This unequal distribution of energy resources
within the continent highlights the importance of
a regional policy framework for the development
and use of renewable energy sources. Africa also
has one of the highest level of solar irradiance in
the world - the power per unit area received from
the sun. SSA alone accounts for about 19 percent of
global potential of solar electricity. In the Sahel and
the Horn of Africa the solar irradiance is more than
280 W/m?2."3 Yet the continent's share of the world's
generated solar energy is less than1 percent. Africa’s
investment in wind energy is equally low despite
its high potential benefits. Africa’s global share of
installed wind turbine capacity is estimated at just 0.8
percent compared to 40.4 percent in Asia and the
Pacific, 34.2 percent in Europe and Eurasia, and 20.9
percent in North America. Despite the high potential,
Africa’s installed wind energy capacity is less than 5
percent of China's installed capacities, 6 percent of
the United States’, 12 percent of Germany's, and 40
percent of Brazil's.

Renewable energy could drive economic
diversification and growth in Africa by facilitating rural
communities’ access to energy. This would require
supporting quality standards for solar equipment,
investment in training, removing bottlenecks for the
private sector, and actively pursuing partnerships
between the public and private sectors. However,
there are some shortcomings to renewables
that affect their potential for expanding Africa’s
electricity supply.’™ For instance, intermittency
and variability of solar and wind power mean
that these sources require storage and backup
capacity, while hydropower, particularly large
dams, can cause flooding, threaten livelihoods
by causing the loss of agricultural land, require
resettlement, and negatively impact wildlife.’®®
Atthe sametime, a careful and prudent management
of water resources for energy - and agriculture - is
indispensable. Renewable energy technologies
also have a high upfront cost, although they tend

to have a shorter cost-recovery period due to lower

operation costs.



Of course, there is no "one-size-fits-all” approach
for building and managing an off- or mini-grid
solution, and various models are emerging
across the continent. In Tanzania, a community
in Urambo District partnered with TANESCO to
bring electricity to their community. Residents
purchased three 85kW diesel generators for a small
power station while TANESCO established the
distribution network. When the government failed
to run the system successfully, the local community
formed an “electricity cooperative” with a locally
elected executive committee to take control of
the management and maintenance of the mini-
grid. Despite higher rates than grid electricity, the
approachsucceededthroughstronglocalleadership
and commitment, use of well-proven technical
solutions, and training of the co-operative’s staff.'

In Thiba, Kenya, a community partnered with
a local NGO to develop a mini-hydro system.
Households were expected to make an upfront
contribution of US$150 each, and provide labor
and two electricity poles in exchange for shares in
the project, earning dividends once the project was
profitable. The technology was installed by the NGO
and is maintained by four local men who received
formal training in Nairobi. The project is governed
by an elected committee of 17, including a female
member. Some 180 households within a 1.6km
radius have been connected (not metered), paying
a flat tariff of US$3 per month to cover repairs and
the technicians’ salaries.’™ The project has become
a benchmark for others in the region.

Several other models exist beyond these examples,
combining the expertise and skills from various
stakeholders, including the government, business,
and civil society, and local communities, which
take on varying responsibilities. Fundamentally,
ensuring the buy-in required for mini-grids to be
sustainable over the long term requires significant
and organized involvement of rural communities,
including women.™8In turn, this requires inclusive
capacity building to allow communities to play a
meaningful role in the design and development of
their local energy solutions.

Africa faces an immense energy challenge
that will require a multitude of solutions. While
grid extension continues to play a role in rural
electrification, alternative grid solutions accelerate
the speed at which remote communities are
connected and provides additional capacity. Energy
strategies for agriculture would benefit from an
integrated approach including grid, mini-grid, and
off-grid solutions to ensure that energy access

targets are achieved in good time.’™ Although
renewable energy sources tend to be more readily
available, widely dispersed throughout rural areas,
reliable and affordable, their potential remains
largely untapped.’®® To accelerate the uptake of
renewable technologies, policies to support their
commercialization and scale-up are essential. These
would include more awareness raising among
users, capacity building and financial incentives for
producers and installers, and training for repair and
maintenance. These policies should be designed
to phase out once the technology matures, costs
decline, and there is increased familiarity with
them.®!

Supporting the growth of mini-grids and off-grids in
Africa’s rural communities requires capacity building
among grid developers, and other rural actors; a
greater and wider understanding of these systems,
ensuring that lessons learnt from their deployment,
both positive and negative, are shared widely; and
creating a flexible policy and regulatory (licensing
and permitting) framework that can support the
adoption of these systems.'¢?

Because mini- and off-grid technologies are \
diverse in scale (individual to community), they
are more conducive to bottom-up inclusive

k planning and to creative pro-poor financing

models.
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Private sector

Africa’s private sector, especially small and medium-
sized enterprises (SMEs), are already playing a
key role in providing access to energy, particularly
to rural and remote communities. Through the
development of innovative products and alternative
business and pro-poor financing models, the
private sector - including energy SMEs - has
developed solutions suitable for specific contexts.
Innovative businesses and social enterprises are
increasingly integrating skills and knowledge
from energy providers and agribusinesses to
establish “one-stop-shops” offering products and
services for a range of farmers’ needs.'¢3164165
For instance, the Kenyan social enterprise
SunCulture sells solar-powered water pumps and
customized irrigation systems as well as access to
finance and training - through technicians and via
mobile phone - and soil analysis.’ Supporting
these initiatives to ensure that they reach scale
requires a conducive economic and regulatory
environment. For instance, Senegal has eased the
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red tape surrounding business registration, and
established a government department specifically
to support SMEs. In Ghana, the Rural Enterprises
Programme aims to bring to scale a support system
for micro- and small-scale enterprises across the
country. The total budget of the program is US$125
million, funded by the AfDB, District Assemblies, the
International Fund for Agricultural Development
(IFAD), the government of Ghana, the beneficiaries
themselves, and participating financial institutions. ¢

Arguably, it may be more economically viable for
government initiatives to prioritize relatively mature
technologies such as fuel efficient cookstoves,
which are reliable, easy to understand, and suitable
for local distribution. On the other hand, supporting
less well-established solutions allows the private
sector to capitalize on its capacity and skills for
innovation and to drive research and development.
This in turn would build on initiatives that use local
resources and skills to design and manufacture low-
tech solutions that would be otherwise imported.
Importantly, it would also enable the development
of an African industry for the production and
distribution of agricultural energy solutions.

Yet, the private sector continues to be deterred
by the high-risk, low-returns of providing energy
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At an average of US¢14 per kWh, the cost

of electricity in SSA is among the highest
globally and where electricity is provided by
generators, this can reach US¢40 per kWh.
This compares to US¢4 per kWh in Asia Pacific

k or US¢1per kWh in South Asia.
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solutions to smallholder farmers. Clear policy
signals and a robust partnership between the
private sector and governments could bolster the
sector to further enhance its capacity and reach.®In
particular, PPPs can provide vehicles through which
governments can offer subsidies or other financial
incentives, while the private sector would take
responsibility for the development and transfer of
technologies and the provision of energy services.
For instance, simply creating Sierra Leone's Energy
Revolution Taskforce, chaired by the President,
sent a strong signal to the private sector about
the seriousness of country’s intentions. In addition,
among the first policy actions taken by the Taskforce
- and ratified in law - was the elimination of import

duties on solar products meeting international
quality standards. This was further supported by the
creation of a fast-tracking process at customs and an
elimination of sales tax for qualified products. Tying
tax exemptions to the quality of products ensured
that there was clear direction for importers, as well
as attention to the well-being of consumers.'®?

Financing Africa’s agricultural energy
transition

The high cost of electricity is a key factor in keeping
smallholder farmers disconnected from improved
energy services. Atan average of US¢ 14 per kWh, the
costof electricityin SSAisamongthe highestglobally
and where electricity is provided by generators, this
can reach US¢40 per kWh. This compares to US¢4
per kWh in Asia Pacific or US¢1per kWh in South
Asia.”’® There are several reasons for these high
costs: low investments, poor maintenance, few cross-
border interconnectors, difficult topography, and
frequent droughts.””" As a result, connecting even
a single household in a small country like Rwanda
can cost up to US$2,000 - well above the average
annual income.? Similarly, rural connections in
Kenya cost from US$1,400 to US$1,800, almost 70
percent of which is the cost of poles and wires.'’

Due to a combination of innovation and the falling
cost of renewable technologies, Africa’s farmers
now have access to solutions that are more cost-
effective and affordable. Africa’s private sector is
leading the way in creating innovative business
and payment models that bring improved energy
services to smallholder farmers in remote and
rural parts of Africa. For instance, mini-grid and
off-grid solutions now integrate additional services
such as remote monitoring, Uber-like scheduling,
mobile money, and various pay-as-you-go models,
including rent-to-own, leasing, service for fee,
and agricultural extension support, to ensure that
costs are covered and enterprises remain viable."7*

Among the most financially sustainable energy
businesses are the ones that share risk via an
"ABC(D) approach”: safeguarding theirdemand on a
predictable, reliable, and creditworthy anchor client
such as an agroprocessor, manufacturing company,
or mobile phone tower operator; developing and
supporting small businesses including irrigation
systems, which can grow into anchor businesses;
and connecting community facilities and consumers
for domestic use. Although individual smallholder
farmers are unlikely to form an anchor large enough
to justify investment from an energy provider,
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by joining forces, cooperatives can form a viable
anchor client. These programs can then partner with
local micro-finance institutes and savings and credit
cooperatives (SACCOs) to ensure that smallholder
farmers can fully access the products and services
provided. Alternatively, an energy service company
can serve as the anchor, thus making the system
self-sustaining.””® For example, the Markala Sugar
Company in Mali is both an anchor and an energy
service company, as it produces biomass-based
energy for its own consumption.

Although these enterprises can be financially
sustainable in the long-term, they usually require co-
financing in the form of grant funding, loans, donor
investments or government funding during the pilot
stages when capital costs are at their highest. To that
end, several alternative sources of “patient” capital
have become available, such as impact and angel
investors and venture capital, who invest for long-
term returns. Forinstance, AlphaMundi and Factor|e]
Ventures are both impact investment companies
on the Powering Agriculture Investment Alliance
that seek to ease access to capital for small viable
companies and to provide technical assistance to
improve their capacity to handle large investments
to help them grow.’”® Root Capital is another social
investment fund that provides loans and equity to
small and growing agribusinesses that use climate-
friendly technologies. Acumen Fund has invested
US$20 million as equity and debt in 20 early-
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stage energy companies in South Asia and Africa,
providing 58 million people access to modern
energy for the first time."”” The Africa Enterprise
Challenge Fund provides matched concessionary
finance for start-ups and young businesses to
innovate, create jobs, and leverage investments,
particularly in the agribusiness and renewable
energy sectors. Working in 25 countries and on 40
value chains, the Fund's interventions reached and
improved the lives of 16 million people in 3.2 million
households in 2017.178 Such sources of capital allow
small and medium-sized enterprises to establish
themselves and develop recovery and payment
models that work with local consumers, including
smallholder farmers.

It is also critical that projects be bankable in order
to attract the desired investment upfront and
ensure long-term sustainability. As smaller private
enterprises join the energy landscape to provide
decentralized energy solutions, the resulting
projects can be too small (and risky) for large
institutional funding, even if they have significant
socioeconomic benefits. Crowdfunding can play
an important role in funding small projects, as
can support from domestic and local financial
institutions. Alternatively, bundling smaller projects
can also be a solution, which requires capacity
buildingfor project preparation and development.'”?




Box 11: Beyond the Grid

In 2014, USAID and other partners, including the
United Kingdom's Department for International
Development (DfID) and the Shell Foundation,
launched Beyond the Grid, an initiative focused
exclusively on unlocking investment for expanding
off-grid and small-scale energy solutions in
Africa. Beyond the Grid fosters collaboration,
accelerates transactions, and drives systemic
reforms to facilitate investment specifically relating
to off-grid and small-scale energy solutions.
To date, Beyond the Grid has partnered with
over 40 investors and practitioners that have
committed to investing over US$1 billion in off-
grid and small-scale solutions. These private
sector commitments will be significant in helping
Power Africa achieve its target of 60 million new
connections for households and businesses.'®

In Kenya, Uganda, Tanzania, Ethiopia, and Burkina
Faso, the Africa Biogas Partnership Programme
(ABPP) in partnership with the Dutch government,
Hivosand SNV have been supporting national biogas
programs since 2009. The program disseminates
biogas plants among small-scale farms that would
benefit from a cheap and clean energy source as
well as organic fertilizer, which is a byproduct of
biogas production. By 2016, more than 13,000 bio-
digesters had been installed in Tanzania providing
access to clean energy to over 70,000 people,
particularly benefiting women and children. In
addition, more than 18,000 biogas plants have been
constructed in both Kenya and Ethiopia as of 2019."#"

At the other end of the scale, energy infrastructure
for extraction, processing and transportation,
generation, networks and storage is highly capital-
intensive; in 2018 approximately US$100 billion
was invested in the energy sector in Africa.'®
Notwithstanding the advances made by the
private sector in plugging the gaps in energy
provision for smallholder farmers in Africa,
private finance alone is unlikely to be sufficient to
address the challenges involved. In this respect,
governments can provide grants and concessional
loans for capital investments, put in place laws to
encourage foreign direct investment (for example,
in Burundi, Kenya), and facilitate private sector
investment by removing barriers to investments.'®

On the other hand, providing electricity has
significant economic, social, and environmental
benefits for households and overall national GDP
including: increases in higher education, improved
health services, better indoor health quality, reduced
spending on fuels, and greater productivity. A
study done by the Overseas Development Institute
for SE4ALL and Power 4 All shows that Ethiopia’s
aggregate savings on spending on kerosene,
candles, and external sources for mobile phones
could add up to US$328 million (about 0.5 percent
of total GNI in 2016). Similarly, Kenya could save
US$837 million over a 10-year period in spending
on fuel. Furthermore, the provision of electricity in
Kenya enables children to study for an additional
32.6 hours per year, equivalent to approximately 2
percent of a school year.'® Electrification in South
Africa’s KwaZulu Natal province led to an increase in
employmentamong women by nearly 10 percent.'8

Governments will have to go beyond national
budgets to raise enough capital, including
from development partners and multilateral
development banks and funds. Although not quite
at scale, climate finance can provide an additional
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source of funding for agricultural energy programs.
For instance, the Special Climate Change Fund and
the IFAD’s Adaptation for Smallholder Agricultural
Programme have supported the integration of
climate risk management into agricultural value
chains, improved access to diversified energy
sources, and scaled up efficient irrigation and
sustainable land management technologies.'®

In addition, the Scaling-Up Renewable Energy
Program in Low Income Countries (SREP) is a US$8
billion trust held at the World Bank to support
climate mitigation and adaptation action in
developing countries. From this source, Mali has
received US$40 million in grants and near-zero
interest credit financing to remove barriers inhibiting
the scaling-up of private sector investments and
developing standardized business models for
solar PV and biofuel hybrid mini-grid schemes and
development of mini/micro hydroelectricity. Of this
amount, nearly US$9 million is allocated to a micro
and mini-hydro development, which will provide
energy (and water) for irrigation in rural Mali.’¥

To achieve economies of scale, governments can
join and participate in power pools. Several such
power pools have already been established on
the continent (East Africa Power Pool, Southern
Africa Power Pool, Central Africa Power Pool, and
Electricity Committee of the Maghreb [COMELEC)).
The West Africa Power Pool (WAPP) (including
Benin, Burkina Faso, Céte d'lvoire, Gambia, Ghana,
Guinea, Guinea Bissau, Liberia, Mali, Niger, Nigeria,
Senegal, Sierra Leone, and Togo) was established
in 2001 to promote energy trade between member
countries, and to facilitate the funding of generation
and transmission lines.

In addition, Africa Power Vision and the Africa
Renewable Energy Initiative are both endorsed
by the AU and African heads of state to meet the
continent’'s energy needs and provide capital
through the AfDB.'® The African Bio-Fuels and
Renewable Energy Fund at the ECOWAS Bank for
Investment and Development is also an alternative
source for funding for large, national agricultural-
energy projects.




6. Capacity strengthening and employment opportunities

To increase the uptake of the growing number of
agricultural energy solutions available in Africa, there
is an urgent need to couple increased investments
with more awareness creation and capacity building
among agricultural/rural value chain actors as well as
institutions. While the success of rural electrification
programs is often measured by the number of poles,
meters, or MW installed, these programs cannot
translate into positive effects for rural households
and farming communities without a broad and
robust effort to educate and build their skills in
the use, repair, and maintenance of connected
technology. The Barefoot College Initiative teaches
women to be solar engineers and partners this with
other income-generating activities such as bee-
keeping and sewing. The Initiative was conceived
in India, but is now replicated across rural areas in
Burkina Faso, Senegal, Liberia and Madagascar,
supported by India’s Ministry of External Affairs as
part of its South-South cooperation program. Within
six months, women learn how to install solar panels
and link them to batteries, handle sophisticated
charge controllers and inverters, and establish alocal
electronic workshop for major and minor repairs.'®

For rural communities to maximize the benefits
from improved energy use and make informed
choices, agricultural energy programs and
extension services should include appropriate
energy and financial literacy training so that users
understand the various forms and combinations
of technologies, products, and services available
and the benefits and the risks involved.’®

To overcome the challenges of poor workmanship
in Kenya's solar installations, a lack of qualified
and trained technicians, an influx of substandard
products, and a lack of properly laid of quality
assurance mechanisms, the Energy Regulation
Commission (ERC) published solar PV and solar
water-heating regulations in 2012. Solar PV installers
and designers are legally required to be qualified
and licensed by the ERC. In addition, manufacturers,
importers, vendors, and contractors are also
requiredto be licensed. The training and certification
curriculum were developed in collaboration with the
Kenya National Industrial Training Authority (NITA)
in the Ministry of Education and other partners. By
June 2016, there were 342 advanced registered
techniciansin comparisonto 800to 1,000 uncertified
technicians previously. The certification program
is now formally institutionalized and offered by 16

technical training institutions and universities, all of
which are accredited by NITA and ERC."!

Finally, civil servants and ministerial staff involved
in national commitments and ambitious goals to
deliver improved energy services (across all the
relevant sectors) must be well-versed in the options
available in order to tailor solutions to the needs
of their citizens.'”? These interventions will ensure
that countries build a thriving sector and ecosystem
around agricultural energy solutions in the short-
term.

This in turn requires capacity building among
farmers to make their engagement in planning
more meaningful - as is being implemented in
Kenya's newly devolved county-level governance
arrangement.'”® Under this arrangement, specific
focus must be paid to the needs of women and
young girls who are more adversely affected by a
lack of access to improved energy services.




Box 12: IsDB's Reverse Linkage Mechanism:
Development through sharing

In 2010, the Islamic Development Bank (IsDB)
introduced the Reverse Linkage mechanism, a
"technical cooperation mechanism enabled by the
IsDB whereby member countries and communities
in  non-member countries exchange their
knowledge, expertise, technology and resources
to develop their capacities and devise solutions
for their autonomous development.” During the
first five years of Reverse Linkage, the cumulative
amount approved reached US$123 million,
covering projects involving 21 countries.

The Reverse Linkage mechanism promoting
cooperation between Mali and Morocco to boost
rural electrification capacity in Mali is one example
of member country cooperation under Reverse
Linkages. Solar irradiation in Mali is about 5 to 7
kWh/m?/day and is well distributed across the
country, offering promise for diversifying the
country’s energy-mix and reducing the country’s
energy deficit. Despite significant progress over
the past decade, access to electricity in rural
areas in Mali remains a challenge due to core
institutional, financial, capacity and knowledge
barriers. Under the country’s national development
plan, Mali aims to develop a sustainable business
model to increase rural electrification from its
current rate of less than 20 percent to 80 percent.
To contribute toward achieving this target, the
IsDB has matched Mali's challenge with Morocco’s
experience so that the two countries will cooperate
to enhance Mali's capacity in rural electrification.
Under the Reverse Linkage project, the Malian
Agency for the Development of Domestic Energy
and Rural Electrification, and the Moroccan
National Office for Electricity and Potable Water
collaborate. The three-year project began in 2018
and seeks to enable the introduction of utility-scale
PV solar plants, use of prepayment meters, and
electrification of 24 villages with more than 35,000
inhabitants.

In the long-term, however, building a thriving
agriculture and agricultural energy sector will
require significant investments and focused efforts
in building the knowledge and skills capacity of
Africa’s youth to enable them to play a meaningful
role in the sector. Africa has the youngest global
population in the world, and an estimated 15 to
20 million young people are expected to join
the workforce over the next three decades.’
While many of these young people will be well
educated (and highly connected), there is likely to
be a mismatch between qualifications obtained

and the skills required to contribute meaningfully
to the economies of the future. As improved energy
solutions take hold and Africa’s agriculture sector
becomes more mechanized, it will be necessary
to ensure that the youth are trained to design,
assemble, and repair new technologies.

On the other hand, new energy supplies and
technologies have been one of the top 10 drivers
of a changing employment landscape. As African
countries respond to the call for more sustainable
economic models, the demand for cleaner energy
generation, energy efficiency, pollution control and
natural resource management have the potential to
create millions of “green jobs” on the continent. In
South Africa alone, it is estimated that an additional
462,000 green jobs will be available by 2025.7%
In 2013, the government of Namibia identified
green jobs as a strategic pillar for job creation
within its development plan. Potential policies
include retraining and re-skilling the existing labor
force, including within the agriculture sector, as
well as reforming skills authorities and extending
government-funded vocationaltraining programs.'?®
Similar plans are being drawn up by Mauritius,
Kenya, Senegal, Uganda, and Zambia. Furthermore,
studies show that the expansion of green products,
services, and infrastructure will translate into
higher labor demand across many sectors of the
economy, thereby leading to the creation of new
employment opportunities. This includes jobs in
renewable energy, energy efficiency, manufacturing,
transportation, and building and construction.
In addition, indirect employment is created
along the agriculture supply chains, including
in the building of necessary infrastructure.'”’

Access to reliable and affordable energy may drive
job creation for young people particularly in the
agriculture sector. According to the International
Labour Organization, youth are twice as likely as
adultsto be unemployed, and the growing mismatch
between demand and supply for certain skills
remains the main driver of hight unemployment
rates.’”® Agriculture, often considered as outdated,
unprofitable, and hard work by many youth, may
become more attractive with energy access allowing
the adoption of energy-based technologies and
machines. In Kenya, for instance, an irrigation
development program managed through a PPP
attracted 5,000 young participants. The government
provided 90 percent of the financial capital as
an interest-free loan, and a Kenyan company,
Amiran Kenya, supplied the technical capacity and
equipment, known as the Amiran Farmers Kit (AFK).



This low-cost irrigation kit is based on energy-
based drip irrigation technologies that use 30 to 60
percent less water than other irrigation techniques.
A government fund of US$1.6 million allowed the
acquisition of 420 kits in 2014, benefitting 200
youth groups and 15,000 farm families.'” In Ghana,
the Energising Development (EnDev) Partnership
Programme subsidized the grid connection or
acquisition of solarirrigation systems for small-scale
farmers and implemented a market-based incentive
scheme for small-scale agro-processors to access
and use improved cookstoves. Overall, 1,000 micro,
small, and medium-sized enterprises and 3,000

employment opportunities were created between
2009 and 2015.200

As the next section will show, several African
governments and private sector innovators have
embarked on ambitious programs to provide

universal energy access to their citizens. Although
there are some noteworthy initiatives already in place
acrossthe continent, thereis an urgentneedforthese
to be formulated as part of a comprehensive vision
and strategy at the national level, and for institutions
to be adapted to ensure successful implementation.
Well-designed, inclusive, and sustainable strategies
in turn guide regulatory, investment, and capacity
building programs toward a common goal, ensuring
that citizens have access to reliable, affordable, and
clean energy. Furthermore, the role of farmers’
organizations will become increasingly important in
orderto raise farmers’ awareness and understanding
of the relationship between their activities and the
demand and supply of energy, as well as what is
required and expected of them.



7. Methodology

Several countries in Africa have demonstrated a
high level of commitment to sustainable energy
use in their economies, including in the agriculture
sector. Their experience in terms of policy and
institutional innovation and interventions on the
ground provide important lessons for other African
countries seeking to develop and strengthen
their sustainable energy use for an agricultural
transformation. To identify the best performing
countries, both in terms of expanding access to
modern energy in rural areas and agricultural
growth, the report relied on three indicators:
nighttime lights, the agricultural value added per
worker growth rate, and the Regulatory Indicator
for Sustainable Energy (RISE). Based on these
indicators, six countries were selected for analysis.

As a first step, the logarithm of the difference of
number of the areas (pixels) of nighttime lights
between 1992 and 2013 —as a proxy of electricity
expansion indicator-was chosen to assess
countries’ progress in energy access and use. The
Nighttime Lights Time Series were taken from the
United States National Oceanic and Atmospheric
Administration’s Defense Meteorological Program
(DMSP) Operational Line-Scan System (OLS).
DMSP-OLS identifies visible and near-infrared
emission sources at night.?2" Available statistics on
the extension of access to electricity in rural areas
effectively capture the extension of electricity lines
into these areas. However, they do not necessarily
capture the availability of electricity in these same
areas. Moreover, in many urban and rural areas
across Africa, disruptions in electricity access
are frequent, reducing the reliability of access to
electricity. For this reason, the use of the stable
nighttime lighting intensity data series provides
a more accurate measurement of reliable access
to electricity.?? Between 1992 and 2013, most
countries in Africa made considerable progress in
providing a reliable access to electricity. Countries
that reported an electricity expansion above the
average level of 8 for the entire continent were
categorized under the cluster of countries with
a higher level of electricity expansion. Countries

below that threshold were categorized under the
cluster of countries with a lower level of electricity
expansion.

In the second step, the report identified countries
showing high rates of agricultural growth. Hence,
the average of annual growth rates in agricultural
value added per worker for the period 1992-2013
from the World Bank database was chosen as
an indicator (World Development Indicator).2%
Countries showing a positive average of annual
growth rates were grouped within the higher
growth category. Countries showing a negative
average were grouped within the lower category.

Comparing the relative performance of African
countries on these two variables (Figure 3), the
countries were divided into four clusters:

Cluster 1 - higher electricity expansion, lower growth of
agricultural valued added per worker

Cluster 2 - higher electricity expansion, higher growth of
agricultural valued added per worker

Cluster 3 - lower electricity expansion, higher growth of
agricultural valued added per worker

Cluster 4 - lower electricity expansion, lower growth of
agricultural valued added per worker

The resulting cluster of countries showing higher
electricity expansion and higher growth of
agricultural valued added per worker represent
countries where progress in access and use of
energy is likely to be strongly contributing to
agricultural growth and transformation. In fact,
modern productive agriculture requires energy
input at all stages of the agriculture value chain,
including for farm machinery, water management,
irrigation, cultivation, harvesting, and postharvest
activities such as processing and consumption.




Figure 3: Country clusters

Lower growth of agricultural valued
added per worker

Higher growth of agricultural valued
added per worker

Cluster 1:

Cluster 2:

Angola, Botswana, Congo-Brazzaville,
Cote d'lvoire, Democratic Republic of

Higher electricity Congo, Kenya, Zimbabwe

expansion

Low RISE score High RISE score

Mali, Mozambique,
Namibia*, Nigeria,
Sudan, Uganda*

Algeria, Burkina Faso, Egypt,
Ethiopia, Ghana, Morocco,
Niger, Senegal, Tanzania,
Tunisia, Zambia, South Africa

Cluster 4:

Cluster 3:

Burundi, Central African Repubilic,
Chad, Equatorial Guinea, Gabon
Gambia, Madagascar, Togo

Lower electricity
expansion

Benin, Cameroon,Cape Verde, Guinea,
Guinea-Bissau, Lesotho, Liberia, Malawi,
Mauritania, Rwanda,Swaziland

*No data for RISE

Finally, the selection considered the degree of
sustainable energy use in the countries. Good
national policy and regulatory frameworks are
indispensable for sustainable energy access and
use. The World Bank’'s 2018 Regulatory Indicator
for Sustainable Energy (RISE) was chosen to assess
countries’ policy and regulatory support for each
of the three pillars of sustainable energy—access to
modern energy, energy efficiency, and renewable
energy.?® Based on RISE, countries with good
national policy and regulatory frameworks for
sustainable energy access and use were identified
within Cluster 2. RISE scores are grounded in 27
indicators across the three pillars, underpinned by
80 sub-indicators and 158 questions. There are 8
indicators in energy access, 12 in energy efficiency,
and 7 in renewable energy. RISE indicators are
designed to measure policy actions to address
barriers to scaling up sustainable energy across
the three pillars. Ultimately, RISE scores represent
the vision of governments translated into plans
at the national level and their attributes for good
practice, as well as policies and incentives focusing
on appropriate price signals to markets and subsidy
mechanisms to facilitate the development of
sustainable energy. For the purpose of this report,
a threshold value of 34 for RISE was chosen based
on the World Bank’s classification. Countries with
a value above 34 are considered at least “middle”
performers” in terms of good national policy and
regulatory frameworks for sustainable energy—they
have demonstrated a certain degree of commitment
to increasing the sustainable use of energy through
relevant policies and regulations.

This step resulted in a sub-cluster of 12 countries
that have made progress towards sustainable use of
energy for agricultural development: Tunisia, Egypt,
Burkina Faso, Ethiopia, Tanzania, Zambia, Senegal,
Morocco, Niger, Algeria, South Africa, Ghana. Within
this cluster of 12 African countries, six were selected
for case study countries—Ethiopia, Ghana, Morocco,
Senegal, South Africa, and Zambia—for a balanced
regional representation across the continent.

*-RISE classifies countries in three groups based on their score levels as strong performers (those having a score equal to or above 67), middle performers (those having a
score equal to or above 34 and below 67), weak performers (those having a score equal to or below 33). As only four African countries are in the group of strong performers,
in order to classify countries in two groups, high and low commitments groups, the threshold of 34 was selected.

&



Table 1: Values of the indicators for the selected countries

Expansion of electrification in logarithm Averaged growth in agricultural

Country of the difference of number of Nighttime | value added per worker over RISE score 2017
Lights pixels between 1993 and 2013 1992-2013 period

Ethiopia 9.10 2.36 48.46

Ghana 9.49 4.55 63.89

Morocco 10.98 6.53 74.04

Senegal 8.55 2.68 38.92

South Africa 11.23 5.08 75.81

Zambia 8.43 1.51 42.96

Figure 4 below displays the evolution of agricultural  country intensity between 1992 and 2013 for the
value added per worker per Nighttime Lights by selected countries.

Figure 4: Agricultural growth rates per Nighttime Lights intensity between 1992 and 2013
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etween 1992 and 2013, Ethiopia’s electricity
B expansion indicator increased by 9.10,

thereby being slightly above the average of
8 for Africa as a whole.” During the same period,
agricultural value added per worker grew at an
average of 2.36 percent per year. With a score
of 48 out of 100 on RISE in 2017, Ethiopia rates
as a middle performer in terms of policies and
regulations that support the access to modern
energy, energy efficiency and renewable energy.?%
Nevertheless, within SSA, Ethiopia is a leader
on policy frameworks for energy access. The
country has been commended for having one of
the most advanced and comprehensive National
Electrification Programs in Africa, which has provided
a strong basis for clear policy frameworks for grid
electrification, mini-grids, and stand-alone systems.

Institutional Innovations

In Ethiopia, responsibility for the production of
energy and electricity is shared by the Ministry of
Water, Irrigation and Electricity (MoWIE) and the
Ministry of Mines and Petroleum (MoMP). MoMP
was established as the Ministry of Mines, Energy
and Water Resources in 1977, and has since been
reconfigured several times, most recently in 2018.
The key functions of MoMP include the promotion of
mining, facilitating mining investment, and licensing
and regulation of mining operations—including
the exploitation of hydrocarbon and geothermal
resources. MoMP also leads the development of
new regulations to facilitate greater private sector
investment in biofuel development in Ethiopia.?%

To complement this, MoWIE directs the
development and management of Ethiopia's water
resources to ensure they contribute to national
food security. Specifically, MoWIE promotes the
expansion of electricity supply in Ethiopia from
hydropower and other renewable energy sources
such as solar, biogas, and micro-hydro, through
the National Electrification Program (NEP), initiated
in 2017.27 Ethiopia's energy sector is regulated by
the Ethiopian Energy Authority (EEA) established in
2013. EEA also manages licensing and import and
export of energy to Djibouti, Sudan, and Kenya. The
primary authority responsible for the generation,

transmission, and wholesale of electricity is the
Ethiopian Electric Power Company (EEP), also
established in 2013.The EEP operates and maintains
more than 12 hydropower plants and three wind
power plants across Ethiopia. Although the sector
has been opened to private sector investment, much
of the investment in generation is still tendered by
EEP. A new framework for private sector investment
through independent power producers (IPPs)
and their regulation is currently being developed
in partnership with the USAID-run Power Africa
project.?%

The Ethiopian Electric Utility (EEU), a directorate
under MoWIE, is responsible for electricity
distribution across the country, including in rural
areas. It manages NEP and is required to establish
clear cross-sectoral linkages with the productive and
social service sectors, such as health, education, and
water supply.??” The Ministry of Trade is responsible
for tax reduction mechanisms for importation of off-
grid solar technologies by the private sector. 21°

The formulation of rural energy policy is led by the
Ethiopia Rural Energy Development and Promotion
Centre, which also acts as the executive arm of the
Rural Electrification Fund (REF). REF is a permanent
financial source set up within the Ministry of Finance
and Economic Development in 2003. The fund
leverages private sector engagement (including
cooperatives, municipalities/local governments,
local communities, NGOs, and CBOs) in rural
electrification projectsthatspecificallyuse renewable
energy technologies. The fund subsidizes up to 85
percent of electrification costs and up to 95 percent
for renewable energy sources.

A Ministry of Environment, Forest and Climate
Change (MEFCC) was established in late 2013 and in
put in charge of implementation of the new Climate
Resilient Green Economy (CRGE) strategy.?" MEFCC
is supported by the Ethiopian Environment and
Forestry Research Commission, which was adapted
from its former role in 2014 as an autonomous
federal office in order to coordinate, generate,
and disseminate technologies, information, and
knowledge on forest development and to mitigate

*-This indicator is expressed in logarithm of the difference of number of Nighttime Lights pixels between 1992 and 2013
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environmental degradation from use of forest
products.?'?

Policy Innovations

Agricultural development has been at the center
of Ethiopia’s poverty reduction and development
strategies for nearly 30 years. Each successive
national development plan has also recognized and
directly addressed the nation’s energy challenges.
Ethiopia has been following an Agriculture
Development Led Industrialization (ADLI) strategy
since 1991, an approach that focuses on rural
development and transformation, particularly
through agricultural growth, supported with an
expansion of infrastructure.

Rooted in ADLI, the Sustainable Development
Poverty Reduction Programme (SDPRP) 2002/3-
2004/5 explicitly acknowledged the constraints that
limited access to electricity place on establishing
a strong agro-processing sector, commercial
enterprises, and irrigation facilities in Ethiopia’s rural
areas. The SDPRP began the process of liberalizing
the power generation sector to complement
government initiatives to achieve universal access
by 2025.213

Electrification as a core element of agricultural
transformation

The subsequent five-year plans — the Plan for
Accelerated and Sustained Development to End
Poverty (PASDEP) 2005/06-2009/10, the Growth and
Transformation Plan (GTP) |1 (2010-2015), and GTP Il
(2015-2020) reiterated the vision of modernizing
and commercializing agriculture through greater
use of technology.?'2"> GTP | outlined the essential
role of electricity as an input for agriculture, irrigation
pumping, commercial agriculture production,
and processing and highlighted the importance
of alternative technologies to meet the country’s
growing energy needs. The provision of basic
services, such as electricity in rural areas, was further
bolstered by capital expenditure so as to attract
private investment in these areas. Specifically, the
Ethiopian Agricultural Transformation Agency (ATA)

was established in 2010 to deliver the agricultural
transformation agenda, although there is scope
for it to play a stronger role in energy provision for
agriculture.?®

Each national development plan has provided
targets for electrification, generation capacity, and
guidelines for agricultural development. Moreover,
recognizing the detrimental environmental and
health impacts of high fuelwood and charcoal use,
PASDEP and GTP | also encouraged a transition to
cleanerenergysources, particularlyin cooking.These
development plans have set a high benchmark for
the current one, GTP II, which further promotes the
modernization of the agriculture sector supported
by a vibrant and diverse energy sector.

Preparing for the transition to a green economy

The Climate Resilient Green Economy (CRGE)
strategy was launched in 2011 to underpin
Ethiopia's transition to a carbon neutral and climate
resilient middle-income economy by 2025. The
CRGE, which includes sector specific strategies
for agriculture and forestry, water and energy, and
transport was mainstreamed into GTP Il. The latter
focuses on delivering rapid, sustainable, and broad-
based growth by boosting agricultural productivity;
protecting forests and reforestation; expanding
electricity generation from renewable sources
of energy; and leapfrogging to energy-efficient
technologies.?" In addition, MEFCC partnered with
Ministry of Finance and Economic Cooperation to
establish a national climate fund (CRGE Facility) to
mobilize climate finance to achieve these goals.?'®

With focused, pioneering, and comprehensive
development plans, electricity access in Ethiopia
grew rapidly, connecting 2.3 million customers by
2015, up from 952,000 in 2004/5.2" Agricultural
value added grew at almost 6 percent annually
during this time, and the national annual economic
growth rate over the last decade has averaged over
9 percent —putting it amongst the highest rates
globally.?20



Programmatic Interventions

Integrating electricity supply with other services to
enhance productive capacity

Ethiopia has had an active rural electrification
program since the SDPRP. During the five-year
timeframe of the SDPRP, the program sought to
extend the central grid to 164 woredas (districts) out
of about 710 and their environs at a cost of US$160
million to support irrigation, poultry and livestock
keeping, and preservation of produce, as well as the
development of small and medium industries such
as oil and flour mills. The SDPRP also set targets for
the power sector to improve the quality, adequacy,
cost-effectiveness, and efficiency of supply to
customers.??’

Notably, GTPlalsoinitiated the process of developing
Agricultural Commercialization Clusters (ACC) and
Integrated Agro-Industrial Parks (IAIPs) in Ethiopia,
managed by the ATA. IAIPs identify geographies
for the production and processing of nine selected
agrifood value chains, based on their capacity to
create jobs, linkages to the agriculture sector, export
potential, and capacity to attract private sector
investment. Crops include wheat, maize, sesame,
malt barley and horticulture crops such as tomato,
onion, banana, mango, and avocado. Each IAIP will
benefit from purposeful infrastructure investments
such as roads, power, water, communications, and
drainage and rainwater harvesting to commercialize
the production and processing of these crops.???
By June 2018, four IAIPs were under construction in
Amhara, Oromia, SNNPs, and Tigray states, aiming
to process animal products, grain and oilseeds,
and fruit and vegetables for local and international
markets. |AIPs have also drawn interest from
international investors from China and India which
bring specialization in selected industries and
create opportunities for South-South learning and
technology transfer.?2?

In addition, Ethiopia's National Electrification
Program (NEP) sets 2025 as the target year for
universal access to electricity, five years earlier than
the target set by the SDGs. In order to meet this
target, the EEU will manage a fast-paced grid and
off-grid rollout program to scale up connectivity,

at a cost of about US$1.5 billion. In particular, the
NEP will build cross-sectoral linkages with other
productive sectors such as health, education and
water ensuring that secondary schools and primary
health centers are fully connected by 2022. It is
expected that approximately 65 percent of the
population will be connected to the grid while the
remaining remote communities will benefit from
individual solar and mini/micro grid solutions.?*

Leveraging different energy sources to broaden
access

This builds on the ambitions set by PASDEP,
which raised the target by launching the Universal
Electrification Access Program to connect 6,000
rural towns and villages—approximately 24 million
people—and raise electrification to approximately 50
percent by 20102%. GTP | reported that 5,163 towns
and rural villages had been electrified by 2010,
meeting 78 percent of the PASDEP target. Three
hydropower plants were also constructed between
2005 and 2010, adding more than 1,300MW in
hydropower generation. In addition, 3 million
improved energy-saving biomass ovens and 4.6
million energy-saving lightbulbs were distributed
to customers, saving over 26,000 ha of forest from
deforestation.??¢




In addition, GTP | initiated processes to expand

biofuel  production  through the  Bio-fuel
Development Program. The program convenes
research institutes, universities, implementing
agencies, and the private sector to adapt and
promote sustainable development of biofuel
technology. GTP | set a target for annual ethanol
production from sugar at 304,000 m? and 607 MW
of electric power by 2015.2%

With these focused efforts, access to electricity in
Ethiopia doubled between 2010 and 2016, from
21.9 percent to 42.9 percent. Rural electrification
grew fourfold, from 6.6 percent in 2010 to 26.5
percent in 2016.228 In addition, 77,380 m?® of ethanol
was produced and construction began on four
blending facilities during GTP I. As recorded by GTP
[, 16.6 million ha had been planted with biofuel
crops such as jatropha and castor during GTP 1.2

Beyond national programs, Ethiopia has also
benefited from the Energising Development(EnDev)
Partnership Programme. EnDev Ethiopia is co-
funded by the German, Dutch, Norwegian, and Irish
governments and implemented by the Deutsche
Gesellschaft fur Internationale Zusammenarbeit
(GlZ), MoWIE, MEFCC, and other partners. EnDev
Ethiopia supports a growing market for modern
renewable energy technologies and energy
efficiency solutions such as micro hydro (upgraded
from water mills), solar PV for health centers, and
improved cookstoves. The Programme provides
technical assistance in the form of appropriate low-
cost designs, capacity building through training of
local entrepreneurs and engineers, financial support
for the hardware and installation of solar systems,
awareness and marketing campaigns for improved
cookstoves, and incubation of stove business
start-ups. By the end of its second phase in 2017,
EnDev Ethiopia had provided access to electricity to
395,000 people, electrified over 100 health centers,
and built four micro hydropower stations.?*

Improving energy efficiency and reducing cost

Ethiopia has also implemented several programs
to improve the efficiency of its energy use. EnDev
Ethiopia sold 430,000 improved cook stoves and

enabled560stove producerstoestablishthemselves.
Users of improved cookstoves saved up to 50
percent on fuel costs, money which was reallocated
to food, education, and other costs. Similarly,
stove producers spent their additional income on
food and education. With these achievements, the
European Union extended an additional EUR 10.35
million (approximately US$12.1 million) in 2017 to
continue this work and contribute further towards
the NEP.23'

This program built upon the achievements of GTP |
and the Sustainable Rural Energy Technologies for
Households and Productive Uses project. During
GTP I, nearly 9 million biomass stoves and more than
2 million solar technologies were also distributed
and 11,618 biogas plants were constructed during
GTP I. GTP Il has set targets for electricity coverage
at 90 percent, which would connect about 7 million
additional customers by 2020.%32

Working in tandem with the NEP, the Sustainable
Rural Energy Technologies for Households and
Productive Uses project aims to disseminate
200,000 solar home systems and 600,000 improved
cook stoves in rural communities by 2020. Launched
in 2016, the project is working to remove barriers
to private sector provision of these off-grid
technologies in order to extend their availability.
To do so, the project has aligned the legal and
regulatory framework with national standards, run
an awareness campaign in rural areas about the
technologies, created a financial mechanism for
rural households, and supported entrepreneurs
through a business incubation phase. The project
is managed by MoWIE and is estimated to cost
more than US$5.5 million. It is funded by the Global
Environmental Fund and co-financed by the UNDP
Ethiopia Country Office, the United Nations Capital
Development Fund, and the Development Bank of
Ethiopia.2®

With the successes of the 2017 NEP, the Ethiopian
government issued an updated plan in 2019, the
National Electrification Program 2.0: Integrated
Planning for Universal Access. NEP 2.0 focuses
on integrated access—grid and off-grid electricity
access—and provides an implementation framework



through public-private partnerships. The program
aims to deliver 8.2 million new grid connections to 6
million beneficiaries by 2025.234

Ethiopia is clearly on a pathway for rapid transforma-
tion in its energy and agriculture sectors. Important-
ly, there is a recognition of the links between these
two sectors at the highest levels, as demonstrated
in the national development plans. While the ener-
gy sector is steaming ahead in addressing the over-
lapping challenges simultaneously, programs at the
Ministry of Agriculture and ATA would benefit from

clear guidelines on enhancing access to improved
energy services. Finally, although significant steps
have been taken to diversify Ethiopia's energy mix,
the country still relies largely on biomass and waste,
which account for 88 percent of total energy supply.
At the same time, hydropower is the source for 93
percent of electricity. Since both these sources are
extremely vulnerable to climate change, there is an
urgency to further and rapidly diversify the sector.




hana has one of the highest rates of access

to electricity in SSA. At 80 percentin 2017, it

is considerably higher than the continental
average of 43 percent. Between 1992 and 2013,
the electricity expansion indicator’ increased by
9.49 thereby being slightly above the average of 8
for Africa as a whole. The agricultural value added
per worker annual growth rate averaged 4.55
percent. In addition, Ghana was among the top
three performers in SSA as measured by the RISE
score in 2017. With a score of 63 out of 100, Ghana
rates as a middle performer in terms of policies
and regulations that support the access to modern
energy, energy efficiency and renewable energy.?®

Ghana's success has been driven largely by strong
political will, clear policies reflecting long-term
planning with clear targets, and smart, bottom-up
implementation.?¢ Large hydropower and oil-fired
power plants provide most of Ghana's electricity,
although there is a growing supply from renewable
sources, particularly solar.2’” The country’'s mature
policy framework for clean energy access is reflected
in the RISE score too.

Institutional Innovations
Regulatory capacity for private sector engagement

Rural electrification in Ghana is led and managed by
the Ministry of Energy (MoE), which is responsible
for the formulation, implementation, and monitoring
of energy, power, and petroleum sector policies.?®
The Ministry has undergone several iterations since
independence, and most recently has absorbed the
Ministries of Power and Petroleum.?®” As a result,
MoE oversees various generation, transmission,
and distribution agencies in both the power and
petroleum sectors. Although MoE has a budget of
its own, it also receives financial support from the
Ministry of Finance and Economic Planning.?4

In 1994, liberalization of the energy sector opened
the market to private investment, introducing
Independent Power Producers (IPPs) to increase
power generation and refinery capacity and to
deploy technical innovation to accelerate progress

towards the electrification target.?*' Therefore, to
regulate an increasingly complex power sector
with multiple actors, an Energy Commission was
established in 1997 through the Energy Commission
Act 541. Overseen by MoE, the Energy Commission
provides a legal, regulatory, and supervisory
framework covering development and use of
Ghana's energy resources. It also advises on national
energy policy; licenses public utilities, fosters
competition, and promotes energy efficiency. In
addition, the Energy Commission promotes the
use of local and indigenous energy, including
renewable sources such as solar, wind, and biomass.
Public utilities in Ghana are regulated by the Public
Utilities Regulatory Commission (PURC), established
in October 1997. Created as an independent body
and administered by the Office of the President, the
PURC monitors the quality of service that consumers
receive and regulates the electricity tariffs charged
to consumers.?4?

In 2012, the Energy Commission initiated a process
under the SE4ALL initiative to review the progress
being made, and to recommend actions to ensure
that Ghana fully met its targets. The process
highlighted gapsinincentivesto attract private sector
investment and the application of productive use of
electricity to accelerate agricultural development. In
order to accelerate progress, the resulting Country
Action Plan proposed the expansion of irrigation
on river banks with electricity, wind pumps, and
mini hydro-dams; agro-processing such as solar
drying and multifunctional platforms for grinding
and milling; clean cookstoves; and cold chain
refrigeration as opportunities to enhance the use of
energy in Ghana's agriculture sector.?*

Research and technical capabilities

To complement efforts in harmonizing national
institutions,  significant investments are also
being made in capacity building through the
education sector. For instance, The Energy Centre
at the Kwame Nkrumah University of Science and
Technology contributes towards the replication
and scaling up of successful energy technologies,
policies, and management practices in partnership
with other departments at the university, including

1- This indicator is expressed in logarithm of the difference of number of Nighttime Lights pixels between 1992 and 2013.



agriculture and engineering. Similarly, the University
of Energy and Natural Resources, established by an
Act of Parliament in 2011, provides interdisciplinary
research programs to support the development of
Ghana's energy sector. The university's School of
Agriculture and Technology was established in 2015
to promote higher productivity, modernization,
efficiency, and competitiveness of the agriculture
sector through the application of science,
technology, and economics.?*

Policy Innovations

The use of improved energy in Ghana's agriculture
sector is increasing gradually, driven by innovative
policymaking and comprehensive implementation.
The sector is evaluated independently through
the Sustainable Energy for All (SE4ALL) process to
ensure that it remains on track to meet its national
target of providing universal access to energy
services by 2020.

Liberalization for private sector investment and
energy diversification

Ghana's government gradually liberalized the
energy sector through the 1990s to improve
efficiency and effectiveness among the state-
owned generation, transmission, and distribution
agencies. Recognizing the critical role that energy
plays in achieving its ambition of reaching middle-
income country status by 2020, Ghana's 1996-2000
development plan recommends setting specific
goals to establish an efficient, dependable, and
integrated energy system, which maximizes the use
of renewable energy.?%®

The 2006 Strategic National Energy Plan (SNEP)
provided an overview of the energy resources
available to Ghana and pathways to exploit them for
sustainable economicgrowth.To accelerate progress
towards poverty alleviation, SNEP recommended
increased access to modern energy services in
off-grid areas, combined with a strong program to
enhance productive uses of energy to ensure that
electricity is used to support economic activities. In
addition, to increase the use of modern energy in
Ghana's agriculture sector to improve productivity
and overall food security, SNEP encouraged the

replacement of diesel with biodiesel in agricultural
mechanization, the use of solar dryers to dry
exportable farm produce, and replacement of diesel
for irrigation with grid electricity and mechanical
wind pumps.24

Although the SNEP was not formally adopted by
the government, elements of its recommendations
were reflected in both the Energy Sector Strategy
and Development Plan 2010 and the National
Energy Policy 2010.24 The former identified off-grid
renewable technologies in the agriculture sector
as the focus for government funding,?*® and the
latter aimed to create a conducive environment for
investments to develop the energy sector’s vision of
an economy with universal access to energy services
by 2020. To do so, the National Energy Policy
proposed increasing access to electricity through:
increased funding for the National Electrification
Scheme and rural electrification; co-financing private
sector initiatives; and promotion of productive uses
of electricity. The National Energy Policy identified
the high cost of renewable energy technologies as
a challenge to their adoption and outlined policy
direction to increase their uptake through fiscal and
regulatory instruments.?

Initiating a transition towards renewables

Following the discovery of offshore oil and natural
gas deposits in 2007, Ghana has restructured its
energy and development goals in order to use this
endowment to diversify the economy and catalyze
the growth of other sectors, including agriculture.
In line with this ambition, both the Ghana Shared
Growth and Development Agenda | (2010-2013)
and 11(2014-2017) aspired to leverage the resources
from oil and gas development to improve national
infrastructure, increase agricultural productivity,
and  accelerate  agricultural  modernization
through greater use of technology. These national
development plans also promoted the use of
renewable energy in the national energy supply mix,
acknowledging the vast potential for solar, wind,
and small hydro sources in the country.*°Although
specific targets for renewable energy had not been
specified in the National Energy Policy, the share
of renewable energy also grew exponentially,
supplying nearly half of total national energy supply.



The use of renewable energy was further bolstered
through the passing of the Renewable Energy Act
(Act 835) in 2011, which provides the fiscal and
regulatory framework to institute a licensing regime
for renewable energy producers (especially from the
private sector), create a feed-in tariff scheme, and
establish a renewable energy development fund.
Although the fund had not yet been established
at the time of writing, it would provide financial
incentives, capital subsidies, production subsidies,
and equity participation for renewable energy
power generation. Act 835 also provides for off-grid
electrification for more isolated, rural communities,
the promotion of clean cookstoves, research and
development, and the establishment of a Renewable
Energy Authority. The Renewable Energy Master
Plan 2019 refines the act into an implementation
plan to increase the proportion of renewable energy
from 42.5 MW in 2015 to 1363.63 MW in 2030.%"

Programmatic Interventions

Ghana's institutional structure for its energy sector
is well established, allowing the country to make
significant strides in achieving its electricity access
objectives. By 2011, nearly 85 percent of urban
and 42 percent of rural populations had access to
electricity. Rural electrification in Ghana began in
the 1970s to drive rural economic activity, reduce
the inequalities between urban and rural areas, and
to mitigate pressures to migrate to urban centers.
At the time, Akosombo Hydroelectric Power Station
on the Volta River, managed by the Volta River
Authority, provided the largest share of electricity.
However, following severe droughts in the 1980s,
thermal power plants were introduced to Ghana's
energy mix and now provide 60 percent (the largest
share) of electricity.?? National development plans
have since promoted the complementary efforts
to provide access to electricity across the country,
increase the uptake of renewable energy, and
improve agricultural productivity.

Drive for universal access

The government formally instituted its commitment
to universal access to electricity with the
establishment of the National Electrification Scheme
(NES) in 1989. Starting from a national access rate
of only 15 to 20 percent, the goal of the NES is to

provide universal access to electricity by 2020 by
extending the interconnected transmission grid
to small towns and rural areas. The NES has two
main programs: the District Capitals Electrification
Programme (DCEP) and the Self-Help Electrification
Programme (SHEP). DCEP connected 110 district
capitals and towns/villages with a population greater
than 500 to the grid. For communities that did not
qualify under DCEP, a grid connection was sped up
through the SHEP. Under the SHEP, communities
that fell within a 20 km radius of a national grid
connection, and had a minimum of 30 percent
households that were already wired were asked to
provide electricity poles and labor to reduce the
cost incurred by the government program. By 1999,
just over half of the original 4,200 communities
were connected to the grid, and by 2016, all district
capitals had been connected.?*?® NES was also the
basis of electrification programs of successive
governments.?®  Nevertheless, later research
has shown that households opted to consume
electricity mainly for domestic lighting, and hence
consumed less than 50 kWh per month. Although
a Productive Uses of Energy program had been
designed to complement the electrification scheme,
implementation was limited. For the agriculture
sector, this program was expected to target activities
that enhance income such as pumping for irrigation
and agro-processing.?®

A second successful project that has contributed
to the high rate of electricity access in Ghana
is the Ghana Energy Development and Access
Project (GEDAP), initiated in 2007. Funded by the
World Bank, Swiss Economic Cooperation, and the
African Development Bank, GEDAP was overseen
by the Rural Energy Directorate created at the
Ministry of Energy. The project was designed to
enhance institutional efficiency and performance,
improve electricity distribution, and increase the
share of electricity from renewable sources such
as small hydropower, wind, and biomass below 10
MW. Solutions were implemented based on the
geographical location, potential electricity demand,
and distance from the existing grid. GEDAP offered
finance, technical assistance, and training to intensify
and extend the grid, construct mini-grids for remote
and rural communities, and deploy over 7,500 solar
systems for schools, hospitals, and rural households.
GEDAP financing subsidized half of consumers’ cost
of purchasing appliances, while the remaining costs
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were financed over three years by Apex Bank or
other Ghanaian SMEs.

Investorsin electricity generation also benefited from
a total import duty exemption on renewable energy
technologies such as solar generators and wind
turbines as well as plant, machinery, and equipment
imported exclusively for the establishment of new,
small private energy companies. Renewable energy
products were also exempted from the value-added
tax. Through GEDAP, 150,000 households were
connected to national distribution networks. An
additional 17,000 remote rural households, with
little prospect of getting grid supply in the near
term, were provided with solar PV systems through
an innovative financing model involving small rural
credit agencies. By upgrading the distribution
system, GEDAP also reduced power losses by 11

percent by 2012. Furthermore, the GEDAP project
led to the development of Ghana's Renewable
Energy Actin 2011.%¢

Energy for homes, farms and processing in rural
areas

Ghana's agriculture sector benefited from the
Energising Development (EnDev) partnership.
Avrising from the 2002 World Summit on Sustainable
Development in Johannesburg, EnDev is an energy
access partnership currently financed by six donor
countries: the Netherlands, Germany, Norway,
the United Kingdom, Switzerland, and Sweden. In
Ghana, the project prioritized grid extension for
irrigation, solar PV irrigation systems, and improved
stoves for processing cassava, designed to consume
less energy (usually in the form of biomass) and




reduce emissions. From 2014, the projectfocused on
training, technical advice, and business development
services and offered subsidies to farmers for grid
extension for irrigation. For smallholder farmers who
preferred solar PV irrigation pumps, grants were
made available to purchase equipment. At least 307
additional farmers without previous access to energy
for irrigation benefited from an electric connection
for irrigation. An additional 300 farmers, employing
more than 1,700 people, benefited from 79 installed
solar PV systems. In addition, by the end of 2018,
538 improved stoves were sold to communities,
processing groups, and individuals for roasting
gari—a storable fermented flour made from cassava.
The stoves are approximately 30 to 40 percent
more fuel efficient than traditional methods, which
reduced the cost of production, and produce about
the same amount of indoor pollution. Demand for
the safer, more convenient, and more efficient Burro
Gari Elephant stove surpassed supply and has since
been supplemented by a hire-purchase scheme
since 2017.2%

In addition to the strong policy framework and an
active international development sector, Ghana
also has a very active private sector providing clean
energy solutions for rural populations. The Gyapa
stove is an efficient cookstove that requires 50
percent less fuel, saving families as much as US$100
per year in energy costs. The Gyapa cookstove
also produces less smoke, hence reducing health
impacts for users. Since the stove also reduces
carbon emissions, Gyapa stoves benefit from carbon
financing through Climate Care (an international
NGO), which in turn enables them to be sold
at a more affordable price. Gyapa stoves were
developed in 2002 with initial start-up capital from
USAID, Shell Foundation, and the U.S. Environmental
Protection Agency. The stoves are manufactured by
350 accredited local ceramicists using a scrap metal
casing with a ceramic liner inside, and are sold by
approximately 500 retailers in Ghana, thus providing
local employment opportunities. The Gyapa
cookstove is a gold-standard fuel-efficient stove, a
global standard achieving maximum positive impact
in climate and development, measured in credible
and efficient ways. Approximately 130,000 units are
sold in Ghana per month. More than 831,000 stoves

had been sold by June 2015, preventing nearly 2
million metric tons of CO2 emissions.?®

To address food waste in the mango value chain
and improve processing, Sustenance Agro Ventures
(a warehousing and agribusiness service provider),
Eucharia Farms Ltd (a large farm), Ujuizi Laboratories
(a digital technology provider), and the Horticulture
Department at Kwame Nkrumah University of
Science and Technology formed an alliance in 2015
to develop a low-cost solar dryer. The dryer uses a
combination of solar, gas, and electricity to dry fruits
and vegetables at approximately half the cost of
standard commercial fruit dryers. It is manufactured
by local artisans using local materials. Although
an independent review of the impacts has not yet
been conducted, initial observations suggest that
postharvest losses have been reduced from 40
percent of production to 5 percent, and incomes
have increased by over 180 percent.257:260.2¢1

In the cocoa value chain, both Cargill and Barry
Callebaut (a Swiss chocolate and cocoa brand),
installed solar PVs at their processing facilities in
Tema, in 2017 and 2019 respectively. The Cargill
site added a 764 MwH fully automated, digital solar
system to its site, while Barry Callebaut added a
504 kw array.?%2263  Furthermore, the University of
Nottingham, the Centre for Energy, Environmentand
Sustainable Development Ghana, the Ghana Cocoa
Board, and Kwame Nkrumah University of Science
and Technology initiated a project in late 2018 to
develop a new technology to produce biofuels from
discarded cocoa husks to supplement electricity in
rural areas of Ghana.?*

Ghana has clearly made great progress towards
universal electrification, thanks in part to private
sectorfriendly strategies as well asinvestmentin local
technical capacities. To ensure that the agriculture
sector draws maximum benefits from this progress,
it is essential that agriculture and energy policies
are implemented concurrently —as identified in the
SNEP. This in turn would require closer institutional
cooperation between the Ministries of Agriculture
and Energy.



orocco has made considerable progress in
M sustainable access to and use of energy in

the agriculture sector. The pace of progress
was strong between 1992 to 2013, with an increase
in the electricity expansion indicator of 10.98,
thereby being above the average of 8 for Africa as
a whole.* Morocco also had an average agricultural
value added per worker annual growth rate of 6.53
percent.?®> In addition, Morocco scored 74 out
of 100 on the RISE index in 2017 and is therefore
considered a strong performer in terms of setting
good national policy and regulatory frameworks for
sustainable energy access and use. Such progress
is largely due to the government'’s institutional and
programmatic commitments to enhance access to
and use of energy across the country.

Institutional Innovations

The Ministry of Energy, Mining, and Environment
(MEME) oversees overall energy policy design and
implementation. The Ministry also ensures stable
energy provision, defines the rules for energy
markets, and manages the country’s low-carbon
transition by promoting energy efficiency and the
use of renewable energy in all sectors of Morocco's
economy.?¢¢

In addition to MEME, several agencies work towards
increasingoverallenergyaccessanduse.TheNational
Office of Electricity and Drinking Water (ONEE)
was created in 2012, when the National Office of
Electricity and the National Office of Drinking Water
were merged, to promote sustainable development
of water and electricity. ONEE is a public agency
that owns the country’s transmission network and
infrastructure for electricity generation. It is the sole
authorized buyer of electricity generated by other
parties, including independent power producers
(IPPs). ONEE also oversees the import of electricity
and its distribution either directly or through private
and public distribution companies. The agency is
also involved in the design and implementation of
major structural projects.?*’ Since the mid-1990s,
ONEE aims to:

e Expand and modernize energy generation
networks to improve access to electricity

e Ensure the marketing and distribution of power

e Improve the efficiency of electricity use

To promote efficientenergy use, in 2016 the National
Agency for Energy Efficiency (AMEE) replaced
the National Agency for Renewable Energies and
Energy Efficiency, which had been created in 2010,
to implement Morocco's policy on energy efficiency,
to reduce energy dependence, and preserve the
environment. In the agriculture sector, the agency
promotes the adoption of solar-powered irrigation
pumps as a means to energy efficiency and
sustainable development.?¢®

In 2010, the Moroccan Agency for Solar Energy
(MASEN) was created as a limited company with
publicshareholders.Initially, MASEN wasresponsible
for managing the deployment of solar energy under
Morocco's solar energy plan. In 2016, however, the
agency was renamed the Moroccan Agency for
Sustainable Energy and its responsibilities were
extended to cover of the use of all renewable energy
technologies. MASEN promotes R&D by developing
renewable energy projects and raising funds to
finance them. Through renewable energy projects,
MASEN aims to stimulate industrial development
and job creation. MASEN also promotes training and
capacity building, local development, and industrial
integration to gradually build a national renewable
energy industry.2¢?

In 2011, the Institute for Research into Solar and
Renewable Energies (IRESEN) was established as
one of the main R&D and innovation bodies for
energy. IRESEN is primarily a funding agency to
support the government’s renewable energy and
energy efficiency strategies. IRESEN identifies
research priorities and projects, disseminates
research findings, and promotes their effective
use by businesses. It also finances and implements
R&D projects. The innovation aspect has been fully
operational since 2018 when IRESEN funded 20
projects under “Green INNO-PROJECT" and “Green

t-This indicator is expressed in logarithm of the difference of number of Nighttime Lights pixels between 1992 and 2013.



INNO-BOOST” to develop innovative products,
processes, and services in renewable energy with
high commercialization potential in the national
and continental markets.?”° Furthermore, IRESEN
seeks to develop a network of R&D facilities in
collaboration with local universities and national
and international research institutions. At the time
of writing, IRESEN had established the first applied
research center in Morocco—the Green Energy Park
dedicated to solar technologies, including those for
use in agriculture.?’!

In addition, the National Authority for Electricity
Regulation (ANRE) was created in 2018 with a
mandate to organize the open and competitive
segment of the electricity sector. ANRE regulates
access to networks, sets the tariffs for the use
of transmission and medium-voltage grids, and
ensures the efficient functioning of the market.?2

Policy Innovations

Morocco has limited fossil fuel deposits, leaving it
entirelydependentonimportedfossilfuelsforenergy
production. Consequently, the government faced
the risks of rising costs for fossil fuel imports and the
resulting high burden on public finances. Morocco
has committed to improving energy efficiency in the
National Priority Action Plan adopted for 2008-2012
and the 2009 National Energy Strategy. Morocco's
National Energy Strategy foresees the development
of the renewable energy sector to increase energy
independence, guarantee energy access through
secure and affordable energy supply, and protect
the environment.?”® The strategy is based on five
main objectives:?’

e Secure energy supply by diversifying fuel types
and origins

e Development of renewable energy sources,
especially solar and wind, as well as fossil fuels

e Overall energy efficiency improvements

e Universal energy provision and access at affordable
prices

e Promotion of regional integration of energy
among the Euro-Mediterranean markets through
enhanced cooperation and trade with Maghreb and
EU countries.

By 2014, Morocco had increased the share of
renewable energy in its electricity generation
capacity mix to 32 percent. The target for 2020 is to
reach 42 percent.?”®

Drive for energy efficiency

Morocco’'s National Energy Efficiency strategy
2014-2030 has set ambitious targets for reducing
final energy consumption by 25 percent by 2030. In
the agriculture sector, the strategy aims to reduce
energy intensity by 0.2 percent per year until 2030.
Successful implementation of this strategy would
create an estimated 520,000 direct and indirect jobs
and increase the purchasing power of Moroccan
households by 1.2 percent by 2030.27¢ Some actions
planned under the energy efficiency strategy aim
tO:277

e Raise awareness among nearly 1.4 million farmers
by 2030 on good practices in the use of agricultural
equipment

e Train farmers and other operators on the use
of renewable energy technologies and energy
efficiency practices

e Promote solar irrigation use by subsidizing 1,000
solar pumps per year by up to 50 percent (with a
limit of US$5,500)

e Establish national standards for solar irrigation
installations

¢ Conduct mandatory energy audits and information
sharing for farms greater than 100 ha, bringing the
threshold to 50 ha in 2020, and to 20 ha in 2025.

Creating a private sector market for renewables
growth

The increase in energy access in Morocco began
in the 1990s with the partial liberalization of the
electricity sector that allowed the involvement of IPPs
and the implementation of large-scale electrification
programs. In 1994, a law was passed allowing IPPs
to produce up to 10 MW for their own use, but
with the obligation to sell the surplus exclusively
to ONEE at an agreed price. Due to the growing
demand for electricity, another law was passed in
2008 that enabled IPPs to produce up to 50 MW of
electricity with all excess power to be sold to ONEE



through so-called Power Purchase Agreements.
The aim was to improve overall electricity supply.?’®
IPPs have played a great role in achieving the
objectives of Morocco's rural electrification program
(PERG). Under Act No. 13-09 of 2010 amended
and supplemented by Act No. 58-15 in 2016, the
government of Morocco allows private companies
to produce electricity from renewable sources and
to buy it from the market.?’”? The IPP model was
considered a success that significantly increased the
share of the private sector in power generation.?®

Programmatic Interventions

Morocco's rural electrification program (PERG) is
one example of a large-scale program that started
in 1990 and which markedly improved electricity
access even in remote, rural communities that
could not previously be connected to the country’s
main grids. PERG boosted access to electricity by
providing locally adapted solutions. For each rural
community, the program implemented the most
viable solution among the range of off-grid options,
including photovoltaic generators, small hydro
turbines, wind turbines, diesel generators, and
hybrid systems. Between 1995 and 2009, more than
35,000 villages were electrified, connecting nearly
1.9 million rural households to electricity. The rural
electrification rate increased from 18 percent in
1996 to 97 percent by 2009.2¢"

To achieve greater energy efficiency in the
agriculture sector, a voluntary energy audit
program for agricultural producers was carried out
by Groupe Crédit Agricole du Maroc and AMEE
between 2011 and 2012. The program quantified
energy consumption and estimated the savings
potential that would result from the use of more
efficient equipment or the adoption of good
energy practices including the replacement of fossil
fuels with renewable energy. A Practical Guide to
Energy Efficiency in Farms published by Groupe
Crédit Agricole du Maroc allows producers to
make informed decisions and to prioritize energy
efficiency measures orrenewable energy production
to optimize consumption and reduce household

expenditures. A public-private partnership between
AMEE and the Groupe Crédit Agricole du Maroc
was established to provide technical assistance to
farms involved in the project.?®?

Fiscal incentives for renewables adoption at scale

In 2013, a National Solar Irrigation Program was
launched to subsidize solar pumping over an area
of 100,000 ha over three years. A subsidy of up to
50 percent of the installation cost of solar panels
was provided to farmers through the Energy
Development Fund. Initially, only small farms of up
to 5 ha were to benefit from the subsidy, however,
the government subsequently opted to make larger
farms also eligible when using localized irrigation
systems that would save water resources.?83284

There is evidence of the positive impact of solar
pumping on the socioeconomic situation of
Moroccan farmers. An evaluation in three zones—
Marrakesh, Midelt, and Tata—found that the time
required for return on investment in solar pumping
was between 2.7 and 3.6 years, and the increased
profit margin ranged from US$839 to US$12,500
per hectare. The increased profit is partly due to a
reduction in the irrigation systems operations and
capital costs as a result of switching to solar pumping
systems. This represents on average an 80 percent
gain for the farmer and is equivalent to US$740/
ha/year for switching from an electrical pumping
system, US$806/ha/year for switching from a butane
pumping system, and US$950/ha/year from a diesel
pumping system.2%

Morocco's electrification program has been
extremely successful because of its focused and
coordinated approach, which combines both supply
and demand side solutions. The involvement of the
private sector through public-private partnerships
increased the share of renewable energy in the
energy mix, facilitating the development of locally
adopted solutions. This in turn has generated a
positive impact on both the rate of electrification
and agricultural growth.
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enegal has improved access to and use

of energy to foster economic growth,

including in the agriculture sector due to
policy coherence and long-term programmatic
commitment. Between 1992 and 2013, the electricity
expansion indicator® increased by 8.55, thereby
being slightly above the average of 8 for Africa as a
whole. During the same time period, the agricultural
value added per worker growth rate averaged 2.68
percent annually.?® In addition, with a score of 39
out of 100 on the RISE index in 2017, Senegal is a
middle performer in terms of setting good national
policy and regulatory frameworks for sustainable
access and use of energy.

Institutional Innovations

Several institutions in Senegal work towards the
development of energy provision and use. Of these,
the Ministry of Oil and Energies—formerly the Ministry
of Energy and Renewable Energy Development—
is the main actor and is responsible for the design
and implementation of national energy policies.
The Ministry develops energy supply plans and
ensures their execution through coordination
among stakeholders. It also leads and regulates the
exploration, extraction, and production of crude oil,
natural gas, and other hydrocarbons.?’

The National Electricity Company of Senegal
(SENELEC) was created in 1983, as a majority public
limited company that holds a monopoly of purchase,
transmission, and sale of electricity. It is the largest
electricity generator, and the only provider for on-
grid transmission and distribution services.?8

In 1998, the Regulatory Commission of the Electricity
Sector (CRSE) was created as an independent
agency to regulate the production, transmission,
distribution, and commercialization of electricity.
CRSE also promotes competition and private sector
participation at all stages of the electricity supply
chain, and contributes significantly to securing
investments by ensuring the financial viability of
companies in the electricity sector. At the same
time, the CRSE protects the interests and rights of

consumers regarding prices, supply, and quality of
electrical energy.?®

The Senegalese Rural Electrification Agency (ASER)
was created in 1999 under the auspices of the then
Ministry of Energy (now the Ministry of Oil and
Energies). ASER administers rural electrification
policies and provides technical and financial
support to businesses and individuals involved
in rural electrification initiatives. ASER designs
rural electrification priority programs, reviews and
adapts lessons learnt in Senegal and elsewhere,
develops innovative lower-cost solutions, and
mobilizes funding.?’® ASER also leads the diffusion
of photovoltaic solar systems across the country.?”!

The Agency for Saving and Control of Energy,
created in 2011, focuses on sustainable energy
consumption and implements the national policy
of managing energy resources for sustainability.
To do so, the Agency employs a strong integrated
framework that considers the main forms of energy
used, including electricity, domestic fuels, and
petroleum products.??

Furthermore, in 2013, the National Agency for
Renewable Energies was established to promote
the use of renewable energies in all sectors of the
economy. The agency aims to:2%3

e Contribute to the development of an attractive
legislative and regulatory framework for the
development of renewable energies

e |dentify, evaluate, and develop potential renewable
energy programs across the country

e Develop and execute national renewable energy
projects and programs and ensure their coherence

e Contribute to the improvement of R&D and
encourage innovation in renewable energies

e Popularize the use of equipment for the generation
of electricity from renewable energy sources

e Conduct prospective and strategic studies for the
development of renewable energies

§-This indicator is expressed in logarithm of the difference of number of Nighttime Lights pixels between 1992 and 2013.
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Policy Innovations

Senegal's energy policy has been formulated
through “Letters of Energy Sector Development
Policy.” Under the first Energy Policy Letter (EPL)
formulated in 1997, the government sought to
reduce inefficiencies in the energy sector and
increase the affordability of energy by using
subsidies to reduce the cost of supply. The
government had also planned to strengthen the role
of Independents Power Producer (IPPs) in the energy
sector, however, private sector involvement in the
energy sector did not reach the level envisioned by
the 1997 EPL. To fully achieve the targets set under
the EPL 1997, the government signed a second
EPL in 2003 which called for a greater role for the
private sector in financing the development of the
national energy sector and reducing the costs borne
by consumers.??

Crowding in Independent Power Producers

In 1998, Senegal also passed legislation to liberalize
the energy sector, allowing Independent Power
Producers (IPPs) to produce electricity. Since then,
IPPs have been mushrooming, contributing to the
achievement of electrification targets. SENELEC, the
national electricity company, has an electric power
generation fleet and purchases electricity from IPPs,
such as Tobéne Power and Centrale solaire Bokhol,
which are connected to its network and inject their
electricity generation into the national network.??

To meetincreasing demandsforenergy — particularly
electricity — the government has prioritized the
development of renewable energy and biofuels
since 2007. Under the EPL of 2008, the government
seeks to:2%

eDevelop and exploit Senegal’s renewable energy
potential

e Diversify energy sources, particularly for electricity,
by tapping into mineral coal sector, biofuel, biomass,
solar, and wind resources

e Amplify hydropowerthrough regional cooperation,
particularly within river basin organizations and the
West African Power Pool

The fourth EPL, covering the period 2012 to
2017, sought to ensure the provision of sufficient,
affordable, and clean energy by diversifying the
country's energy mix. It aimed to increase the share
of renewable energy in total supply as a means to
reduce the country’s vulnerability to exogenous
shocks. It also sought to improve access to modern
energy services across the country by ensuring a
more equitable distribution of investments and by
targeting some of the poorer and remote regions
and vulnerable groups. An equitable distribution
of energy services was also highlighted under the
Planforan Emerging Senegal 2012-2035.In addition,
the Plan recommended a better articulation of
energy within the strategic sectors of development—
including agriculture—for an effective reduction of
poverty and protection of the environment through
the promotion of clean energy.?”’

Programmatic Interventions
Prioritizing access in rural areas

The electrification rate in Senegal's’ urban areas
increased significantly between 2000 and 2010,
from just 58 percent to 90 percent. Given the low
rate of rural electrification of 9 percent in 2000,
the government designed and implemented
several programs to significantly increase rural
electrification.??®

The Rural Electrification Action Plan for the
period 2002 to 2022, which seeks a rural
electrification rate of 60 percent, illustrates the
government's programmatic commitment. The
ambitious 20-year plan has three complementary
programs. Under the Priority Rural Electrification
Program (PPER), the provision of electricity is
conferred to the private sector, and the country
was split into 10 concession areas. To be awarded
a concession area, private investors are required
to finance at least 49.15 percent of the investment
costs for electricity provision in that area. SENELEC
is not authorized to operate in the 10 zones in order
to avoid competition with private initiatives.?”
However, only 6 out of 10 concessions areas have
been conferred to the private sector, largely due to
limited cooperation with SENELEC and resistance
among local populations due to difference in prices
and levels of service from private sector entities
compares to those offered by SENELEC.3%
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Another program, the Local Rural Electrification
Initiative, promotes viable local approaches to
rural electrification initiated by communities or the
private sector to accelerate the electrification of
communities outside the PPER or SENELEC's areas
of intervention. These include the promotion of mini-
grids and use of alternative sources of electricity,
such as wind, solar, micro hydro, and biomass.
This initiative has resulted in a significant increase
in the use of renewable energies, especially solar.
Finally, the Multisectoral Energy Program (PREM)
aims to broaden the social and economic benefits
of electrification. PREM also seeks to stimulate
electricity consumption in rural areas for agricultural
use and livestock management.?"'

In 2015, Senegal's government approved the
National Program for Rural Electrification to
further accelerate rural electrification. To do so,
an Emergency Plan covering the period 2015-
2017 was implemented, as well as an Additional
Plan for Universal Access by 2025 (“Programme
Complémentaire pour I'Accés Universel a I'horizon
2025").3%2

Struggling to jumpstart biofuel production

Furthermore, a program under the EPL of 2008
promoted the production of jatropha at scale,
highlighting the government'’s reliance on biofuels
to improve Senegal's fuel supply. The program,
which drew on Brazil's experience, aimed to increase
jatropha cropping among smallholders for fuel
production.®® The program sought to plant jatropha
on 1,000 ha to produce about 1.19 billion liters of
jatropha biofuel per year beginning in 2012.304
However, in 2012, an opportunity cost assessment
of jatropha in the Kaolack and Kaffrine areas showed
that jatropha production was not more profitable
for famers than the production of cereals, peanuts
and other annual crops, partly due to the lack of a
reliable value chain for biofuels.3%

In addition, between 2010 and 2015, Senegal’s
National Domestic Biogas Program aimed to
provide clean cooking energy to urban and rural
households. Initially, the program targeted the
installation of 8,000 bio-digesters, yet only 1,000

units were effectively installed within the five years.
Although the program did not reach its goal, it did
improve famers’ understanding about the role of
agriculture and livestock in the bioenergy sector
and created jobs through the training of masons and
manufacturers. For the second phase (2015-2019), a
target of 10,000 bio-digesters was set with a budget
of US$18.2 million funded by the government of
Senegal, the European Union, and other partners;
this program subsidizes the bio-digesters at a rate
of 80 percent.3%

The policy coherence and the effectiveness of
Senegal's rural electrification program have
significantly contributed to improved access and
use of energy. Yet, the potential of renewable
energy remains largely untapped. By increasing the
share of renewable energy in the energy mix, the
government could further enhance access to and
use of energy, particularly in rural areas.
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outh Africa has made significant progress in

improving access and use of energy to foster

economic growth. From 1992 to 2013, the
increase of the electricity expansion indicator” is
estimated at 11.23 thereby being above the average
of 8 for Africa as a whole, and the agricultural value
added per worker growth rate averaged 5.08
percent annually. In addition, the score of 76 out of
100 on the RISE index in 2017 makes South Africa
a strong performer and reflects the government's
commitment to setting good national policy and
regulatory frameworks for sustainable access to and
use of energy.

Institutional Innovations

South Africa has several institutions responsible
for developing its energy sector. The Department
of Energy (DoE) takes the lead in the formulation
and implementation of energy policy. The DoE
also controls the generation, transmission and
distribution of energy by Eskom, a parastatal,
and Independent Power Producers (IPPs), and
ensures energy is consumed efficiently. Eskom was
established in 1923 as the Electricity Supply
Commission under the Electricity Act of 1922. Within
the DoE, a dedicated office for the Independent
Power Producers Procurement Programme (IPPPP)
manages public procurement for IPPs projects
based on coal, gas and renewable energy. Several
other state-owned agencies also contribute to the
implementation of South Africa’s energy policy.3”

In 1977, the government created the Central Energy
Fund, which has played a central role in ensuring
South Africa’s energy security. The Fund'’s role is to:

e Provide an affordable, reliable and diverse use of
primary energy resources;

e Strategically partner with the DoE by providing
insights in support of policy development and
regulation.3%®

The National Energy Regulator of South Africa
(NERSA) was created under the 2004 National
Energy Regulatory Act to regulate the electricity,
gas and petroleum pipeline industries. It is also in

charge of licensing for electricity generation and
for enforcing compliance. NERSA regulates all
tariff increases recommended by Eskom, provides
national grid codes, develops regulatory rules for
relevant industries and determines the applicable
standards.3%

South Africa’s energy mix includes nuclear energy
since the introduction of a nuclear power program
during the 1970s. Many institutions were created
for the safe management of nuclear power. In 1999,
the National Nuclear Regulator was established to
monitor and enforce regulatory safety standards
to prevent nuclear accidents and mitigate
consequences of nuclear accidents.?’® During
the same year, the Nuclear Energy Corporation
of South Africa (NECSA), previously known as the
Atomic Energy Corporation was established for
the development and promotion of the use of
nuclear technologies.®'" In 2009, recognizing the
importance of the management of radioactive waste,
the government created the National Radioactive
Waste Disposal Institute (NRWDI) under the Ministry
of Energy. The Institute informs the public on all
aspects of radioactive waste management and
provides technical assistance to power plants in
the management of small quantities of nuclear
waste. NRWDI has institutional control over closed
repositories, including radiological monitoring and
maintenance as appropriate.®'?

Furthermore in 2011, the South African National
Energy Development Institute (SANEDI) was
created under the National Energy Act No. 34 of
2008 as a public institute to support the DoE in
the implementation of energy policies. SANEDI
oversees R&D in the energy sector and leads on the
development and deployment of new technologies
as well as the promotion of green, low-carbon
energy and energy efficiency. In addition, SANEDI
oversees data and knowledge management on
energy, energy efficiency, fuel technology, low-
carbon energy, and transport, as well as energy end-
use and infrastructure.®

*-This indicator is expressed in logarithm of the difference of number of Nighttime Lights pixels between 1992 and 2013.
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Policy Innovations

Significant changes were made to South Africa’s
energy policy during the 1990s, as access to
energy was recognized as central to bridging social
inequalities following the apartheid era. Forexample,
electricity was seen as a key to generating new
business opportunities and to improving health by
reducing indoor air pollution. In 1998, a White Paper
on Energy Policy was published by the government
promoting access to affordable energy services for
disadvantaged households, small businesses, small
farms, and community services. The policy also
sought to improve governance of the energy sector
and diversify the energy mix. In addition, the policy
called for more accountability and transparency
with respect to the roles and functions of the various
institutions involved in energy governance.®™

For a long time, South Africa had been exploiting
its coal resources and has developed an efficient,
large-scale, power generation system providing
comparatively low-cost electricity through a grid
systemthatextendstorural areas. However, following
the Johannesburg World Summit on Sustainable
Developmentin 2002 and amid increasing concerns
on climate change, a white paper on renewable
energy was published in 2004 to complement the
1998 White Paper on Energy Policy. The 2004 policy
paper envisioned an increased share of renewable
energy in South Africa’s energy mix and the creation
of a renewable energy industry to produce a
sustainable, non-subsidized alternative to fossil
fuels. The government at the time aimed to increase
the consumption of renewables to 10,000 GWh
(0.8 Mtoe) by 2013, to be produced mainly from
biomass, wind, solar, and small-scale hydropower.3'>

In January 2008, the National Response to South
Africa’s Electricity Shortage was released jointly
by the DoE and Eskom. The policy focused on
improving the electricity distribution infrastructure,
and fast-tracking electricity projects by IPPs and
power-generation partnerships between Eskom and
private industries, such as chemical processors.3e3"

In 2011, in its pursuit of tapping into renewable
energy sources, the government adopted the

Integrated Resource Plan (IRP) 2010-2030 (generally
known as the IRP 2010) as the official long-term plan
for building new electricity generation capacities.
The IRP seeks to double South Africa’s electricity
generation capacity through a diversified energy
mix including coal, gas, nuclear and renewables.
The share of renewable energy was expected
to reach 42 percent of all new capacity by 2030,
equivalent of 17,800 MW. To achieve this goal, the
government launched several bidding rounds to
procure renewable energies under its Renewable
Energy Independent Power Producer Procurement
Programme (REIPPPP)*'®. The IRP is regularly
updated to ensure stable electricity provision at low
cost and to minimize any negative environmental
impacts.®” Yet, Eskom, which produces up to 95
percent of consumed electricity, has been struggling
to meet the country's electricity demand. It is being
restructured into three entities — for generation,
transmission, and distribution — to improve its
operational sustainability.3?

The National Development Plan (NDP) of 2013
outlines the government's long-term plan to
eradicate poverty and reduce inequality by 2030.
The NDP calls for improving energy infrastructure
in a sustainable way, increasing investments in
energy efficiency, and reducing carbon emissions
by procuring at least 20 GW of renewable energy
by 2030. The NDP aims for 90 percent grid access
by 2030 with the remaining 10 percent to be met
through quality off-grid technologies. The NDP also
recommends a greater diversity of IPPs in the energy
industry and adjusting electricity pricing and access
to the needs of the poor.3?’

Furthermore, in 2013 the Cabinet approved the
New Household Electrification Strategy with a
target of providing 300,000 rural households with
off-grid electrification through installation of solar
home systems and other cost-effective, non-grid
renewable energy technologies including mini-grid
or hybrid systems. Under the Strategy, all efforts
are aligned with the goals of the United Nation's
Sustainable Energy for All (SE4All) initiative to
achieve universal access.’?
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Programmatic Interventions

Bridging the access gap for poor and rural
communities

In 1994, under the Reconstruction and Development
Program, South Africa’s government aimed to
connect 450,000 households annually to electricity.
Although this goal was exceeded with an average
of over 500,000 households per year between 1994
and 1999, a strong rural-urban electrification divide
has persisted. In 1999, the electricity access rate was
just 46 percent in rural areas but reached almost 80
percentin urban areas.®® To reduce this gap, in 2000,
the Integrated National Electrification Programme
run by the DoE was launched. Off-grid electrification
wasmerged intothe National Electrification program,
with an early focus on off-grid solar PV systems for
rural areas. Access to electricity in remote areas was
facilitated through the use of alternative approaches
to main grid extension, alternative energy sources
for electricity generation, and decentralized
provision that was more cost-effective than grid
connections. As a result, remarkable progress has
been made in increasing access to electricity across
the country. Within just 10 years — between 1994
and 2014 — more than 6 million households were
connected to the grid, and between 2002 to 2014,
more than 80,000 households were supplied with
off-grid energy technologies (primarily solar).32432>
In 2011, an evaluation showed that improved access
to electricity in South Africa’s rural areas increased
employment rates, with a notable impact on
women's labor market participation.3?

Alongside the electrification program, a range of
pro-poor energy-related policies were introduced
by the government.In 2000, the Free Basic Electricity
Tariff of 50 KWh came into effect, funded partly
by the Local Government Equitable Share Grant
of the National Treasury and, in cases of shortfalls,
by surpluses generated by the municipalities’
sale of electricity. A household is eligible if it uses
less than 450 KWh per month from the grid. In
2007, this support was extended to subsidize
alternative energy services to rural households—
including farmers—not connected to the national
grid through the Free Basic Alternative Energy in
Rural Areas Policy. However, not all municipalities
have been able to implement the policy. Electricity
consumption by the poor is also subsidized through

an inclining block tariff system, introduced in 2010,
whereby charges increase with consumption. This
system allows users with higher consumption rates
to be charged at a higher rate, thus facilitating
cross-subsidization of low-income groups that are
charged at the lower rates.3?’

Crowding private sector to boost and diversify supply

In 2011, the government launched REIPPPP, inviting
IPPs to tender for licenses to sell electricity to
Eskom under a 20-year purchase agreement. The
bids were evaluated based on price and economic
development potential, including job creation,
participation of disadvantaged populations, local
environmental protection, rural development,
community ownership, and skills development.3?8
REIPPP was overseen by the DoE IPP office. Specific
requirements for the REIPPPP include:

e At least 40 percent of each project be owned by a
South African entity

e Inclusion of shareholding by black South Africans
across the value chain

e A required minimum ownership of 2.5 percent by
local communities as procurement condition

eNo more than 60 percent of project capital
investment consisting of foreign currency; and

e Local content requirements above 40 percent.

By 2016, 6,590 MW were procured in four bidding
rounds, awarding 95 onshore wind, solar, and small
biomass and hydropower projects. As of October
2016, 54 power plants with the capacity of 2,800
MW were fully operational and 15 percent of the
delivered energy was supplied into the grid during
system peak periods, alleviating pressure on the
power system. The source of electricity supply has
broadened significantly with REIPPPP, with over
US$19 billion in private investment and a significant
drop in the price of electricity sourced from
renewable energy.3??

There is also evidence that energy production from
agricultural waste is increasing in South Africa.
In 2015, the Bronkhorstspruit Biogas Project was
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launched by Bio2Wat, a South African IPP. Roughly
120,000 tons of feedstock, the bulk being manure
along with food waste and additional supplements
from slaughterhouses, are processed annually by
the plant to generate a capacity of 4.6 MW. Over
its expected lifespan of 20 years, the project is
expected to contribute to the diversification of the
South African energy mix by reducing the use of
coal.® It has also resulted in the creation of long-
term direct and indirect employment in peri-urban
South Africa. With over 14 million cattle in South
Africa, owned mainly by large farms, the potential
for project replication is substantial.3"

South Africa is among the leading countries in Africa
in terms of electrification. However, rising demand

) g

and the near full-capacity operation by Eskom have
been causing significant shortages of electricity
and repeated outages, with significant impacts on
the South African economy. For example, the cost
of power shortages in early 2008 was estimated to
be between US$253 and US$282 million.?*? Fresh
produce and meat industries are worst affected by
power cuts which are also detrimental to consumers
and pose a huge threat on the nation’s food
security.’*® The programs for energy diversification
therefore require urgent scaling up to transition to
a cleaner energy system and reduce the country’s
reliance on its deteriorating fleet of coal fired power
plants.
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lectrification has been the cornerstone of
E Zambia's development plans over the last

few decades. Between 1992 and 2013, the
increase of the electricity expansion indicator” was
estimated at 8.43 - slightly higher than the average
of 8 for Africa as a whole. During the same period,
Zambia's agricultural value added per worker grew
at an average of 1.51 percent annually. Zambia
scores 43 out of 100 on the RISE index in 2017,
making it a middle performer in terms of policies
and regulations that support access to modern
energy, energy efficiency and renewable energy.3**

By 2017, 75 percent of Zambia’s urban population
and 14 percent of the rural population had access
to electricity.®®® Biofuels and waste constituted the
largest share of total primary energy supply in 2017
(75 percent). Hydropower provided nearly all of
Zambia's electricity supply until 2014, when a small
amount of oil-based generation was introduced
to diversify sources and counter the impacts of
recurrent droughts.33¢

Institutional Innovations

Zambia has a dedicated agency for rural
electrification.  Established in 2003 through
Parliamentary Act 20, the Zambia Rural Electrification
Authority (REA) is mandated to increase access
to electricity to 51 percent by 2030 by providing
infrastructure and appropriate technology to all
rural areas. Although this is not in line with SDGs
that call for universal access to electricity by 2030,
Zambia requires an exponential effort to meet this
target, with an access rate of less than 15 percent
in 2017.%7 The REA advises on suitable policies,
designs and implements the Rural Electrification
Master Plan (REMP), and administers and mobilizes
the Rural Electrification Fund (REF)-also founded
through Parliamentary Act 20. The REF streamlines
the previous bottom-up process of selecting and
funding rural electrification projects. It is funded by
a 3 percent levy charged by national utilities.?*®

The establishment of the REA followed extensive
changes to the energy sector between 2011 and
2016. As part of the liberalization process of the

sectorinthe 1990s,the Zambian governmentcreated
the Ministry of Energy and Water Development,
later rationalized as the Ministry of Energy (MoE)
in 2016. The Department of Energy (DoE) within
the MoE is responsible for the development and
implementation of energy policies, programs, and
projects, including the promotion and facilitation
of renewable energy, energy efficiency, and
electrification solutions.?

An Energy Regulation Board (ERB) was another
outcome of the liberalization process. The ERB was
created in 1995, and operationalized in 1997, to
monitor the reliability and quality of service provided
by national and independent private providers. It is
overseen by the MoE.** In addition, an Office for
Promoting Private Power Investment (OPPPI) was
established in 1999 within the MoE to facilitate the
growing involvement of the private sector in power
project development in Zambia.3"’

Although the energy sector was largely liberalized,
Zambia Electricity Supply Corporation Limited
(ZESCO) remains the key national energy supply
utility, responsible for generation, transmission, and
distribution of electricity across the country. Rather
than privatize ZESCO in the 1990s, the government
chose to corporatize and commercialize it to
enhance efficiency and improve its performance.
Although there were some increases in tariffs
too, electrification across the country expanded
rapidly.34

Hydropower provides 99 percent of ZESCO's
electricity, and the rest is from diesel-powered
generators. Almost half of the hydropower comes
from the Kariba Dam on the River Zambezi; eight
additional dams provide the rest. Maintenance of
the Kariba Dam and development of new dam sites
on the Zambezi are the responsibility of the Zambezi
River Authority.3*® Copperbelt Energy Corporation
Plc and the Lunsemfwa Hydro Power Company
Ltd—the first independent power producer (IPP) in
Zambia—provide approximately 53 MW of additional
capacity.®*

*-This indicator is expressed in logarithm of the difference of number of Nighttime Lights pixels between 1992 and 2013.
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Beyond hydropower, Zambia's energy sector is
supported by TAZAMA Pipelines Limited, which
transports crude oil from the coast at Dar-es-Salam
in Tanzania to Indeni Petroleum Refinery Corporation
in Zambia. Incorporated in 1968, the ownership of
Tazama Pipelines Limited is shared between the
Governments of Zambia (66.7 percent) and Tanzania
(33.3 percent).3* Petroleum is the only energy
source that is wholly imported among Zambia's
energy supply mix, constituting 12 percent of total
primary energy supply in 2016.3% In comparison,
hydro provides between 8 and 11 percent of total
energy supply and biomass and waste provide 75
percent.3¥ Zambia's Vision 2030 aims to reduce the
share of fuelwood in the overall energy mix to 40
percent by 2030.348

Policy Innovations
Fiscal incentives to boost and diversify energy supply

The Zambia Development Agency is the first point
of call for private sector companies wishing to
engage in the energy sector, for fiscal and non-fiscal
incentives as well as coordination with the ERB,
OPPPI, and other regulatory bodies. For investments
of more than US$500,000 in an industrial park, rural
enterprise, or a priority sector, companies benefit
from favorable tax and import duty incentives.
Furthermore, investors may be entitled to a zero
percent tax rate on dividends for five years from
the first declaration of dividends; zero percent
tax on profits for five years from the first year of
operation; and zero percent import duty on capital
goods, machinery, and specialized motor vehicles
for five years. Smaller investments of between
US$250,000 and US$500,000 benefit from non-

fiscal incentives.?*?

Zambia's energy policies have also aimed to diversify
the energy mix, increase access to electricity and
modern energy services in rural areas, and expand
private sector involvement. The first Energy Policy
issued in 1994 focused on increasing the supply and
demand for energy and forming the institutional
structures to support this growth. ltaimed to increase
rural electrification from 2 to 15 percent and urban
electrification from 45 to 78 percent and to reduce
charcoal consumption by 400,000 tons. Further, it
aimed to replace fuelwood with alternative energy

sources (such as liquified petroleum gas), and to
promote off-grid renewable energy sources.®° This
policy was reviewed and updated in 2008, when
access to electricity in rural areas had increased
eightfold to 5.3 percent and urban electrification
had increased to 55 percent.?®’

The 2008 National Energy Policy (NEP), still in effect,
provides policy and implementation guidelines to
increase access to modern energy in rural areas,
including from alternative and renewable energy
sources. To support this, a renewable energy feed-
in-tariff (REFiT) policy was drafted in 2015 to catalyze
private sector investment in renewable-energy
power generation.

Through specific fiscal and regulatory measures
such as smart subsidies, low interest loans, loan
guarantees, tax incentives, and waivers, the NEP
seeks to make biomass use more sustainable, in-
cluding through a transition to biogas technologies,
to reduce pressure on indigenous forest resources,
and to expand the role of biofuels in the energy mix.
In particular, the policy pledges to support farmers
wishing to engage in biofuel crop production and
support the provision of modern energy sources
to small rural farmers to reduce the need for slash-
and-burn agriculture. Thus, the 2008 NEP advocates
for, and should result in, closer collaboration among
other economic and social sectors such as agricul-
ture, trade and industry, transport, information and
communications technology, health, and educa-
tion.3>?

Cluster based approach to agricultural electrification

Zambia's Vision 2030 declares the ambition to
become “a prosperous middle-income nation by
2030."%%% This goal is founded on transforming
Zambia's agriculture sector into a competitive,
sustainable, and export-led sector by increasing
productivity and growth in processing of agricultural
products, particularly for export. Although rural
electrification is increasing, the amount of electricity
used bythe agriculture and forestry sectors remained
relatively stagnant between 1994 at 2013, averaging
about 160 GWH peryear.Among Zambia’s economic
sectors, the agriculture and forestry sectors are



the lowest consumers of electricity, although the
agriculture sector contributes on average at least 10
percent to GDP and employs about 67 percent of
the labor force.3>* Currently the sector accounts for
less than 1 percent of total energy consumption.®®

Within this context, a key policy objective has been
to promote increased productivity for major crops
in which Zambia has a comparative advantage, such
as wheat, sugar, cotton, coffee, tobacco, cashew
nuts, cassava, and horticultural/floricultural crops.
These crops form the basis of a core venture within
“farm blocks"—large agricultural areas—in addition to
other medium- and small-sized commercial farms.
To date, the government has identified 11 farm
blocks with a total area of 895,000 ha through land
development programs. Each farm block benefits
from basic infrastructure and facilities such as trunk
roads, bridges, electricity, dams, schools, and health
centers, provided either by the government or in
partnership with private sector and development
partners.3>¢ These complement the establishment of
industrial cluster zones for processing agricultural
produce and ensuring it is competitive in export
markets. Several sites are currently undergoing
environmental impact assessments, with pledges
amounting to one billion Zambian kwacha
(approximately US$100 million) received from
investors from China, South Africa, Botswana, Sudan,
Jordan, and India.?” Farmers will be connected to
hydroelectricity for farming and processing at 10
sites.

The National Agricultural Investment Plan (NAIP)
2014-2018 also recognizes the importance of
agricultural development in reducing poverty.
Targets to introduce 1,900 renewable-energy-based
irrigation pumps have been proposed within the
“sustainable use of the natural resource base” pillar
in the NAIP. Further, the NAIP proposes to reduce
charcoal and fuelwood consumption by targeting
4,000 households to adopt energy efficient
stoves.®* These objectives align with Zambia's 2019
Climate-Smart Agriculture Investment Plan, which
recommends prioritizing a reduction in biomass
burning and charcoal use.®*

Programmatic Interventions

Matching demand and energy mix to accelerate
rural electrification

The 2008 NEP emphasizes implementation of the
Rural Electrification Master Plan (REMP). Effective
from 2008 to 2030, the REMP provides a detailed
strategy for expanding electrification using a
combination of grid extension and off-grid solutions.
Following a decentralized planning process, 1,217
"rural growth centers”"—hubs of residential, social,
and commercial activity such as schools, hospitals,
and agricultural depots or markets—have been
identified for electrification across the country.
Each center is then reviewed based on potential
peak demand, distance from the grid, cost of grid
extension, and rates of return to select the most
cost-effective solution for electrification. From
the centers identified, 972 were selected for grid
extension, 241 for solar home systems, and 4 for
mini-hydro power development-at a total cost of
US$1.1 billion, or US$50 million per year over 22
years. With this approach, REMP aims to double the
number of electrified households by 2030, equating
to 50 percent of total rural areas. By 2017, 152 grid
extension projects had been implemented and 423
solar home systems delivered. One mini-hydro plant
was completed in 2018. In addition, one solar mini-
grid was constructed in 2013, and two more initiated
in 2016.3¢° As a result of these interventions, rural
electrification nearly tripled by 2017, increasing
from 5.3 percent to 14 percent.?’

Power Africa, an initiative led by USAID, has further
supported the Zambian government's electrification
program. In addition to strengthening regulatory
frameworks, Power Africa invested US$2 million to
provide approximately 100 MW of new solar power
in2016.3¢2Similarly, a collaboration between Sweden
and the Netherlands provided grid extensions to 11
locations across Zambia, which led to a proliferation
of enterprises and mills and to an improvement in
health services and education, as children were able
to study for longer hours.3¢3

Smart financing for power suppliers and farm
equipment

The Beyond the Grid Fund for Africa was founded
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to foster new private sector business models
offering affordable and clean energy access across
the continent. The Fund is financed by the Swedish
International Development Agency, managed by
the Nordic Environment Finance Corporation, and
implemented by the Renewable Energy and Energy
Efficiency Partnership. Initiated in 2016, Beyond the
Grid for Zambia (BGFZ) “de-risks” costs of operating
andexpansionwhile companiesestablishthemselves
in the market. BGFZ operates as a fund with a
tendering process, with results measured in terms
of the provision of energy services for Zambians.
The first round of tendering resulted in the selection
of four companies to deliver clean energy services:
Standard Microgrid, Fenix International, energizing
cooking solutions, and Vitalite, which offer mini-grid
installations, solar home systems, clean cooking
products, and agricultural innovations such as solar
irrigation pumps. In January 2019, at the end of the
first 18 months, the companies had overshot their
targets, serving 447,000 people, nearly double the
target number.?%* It is expected that BGFZ will meet
its goal of bringing modern energy services to one
million Zambians much earlier than targeted date of
2021. Benefits include:

e Job creation: the number of sales agents (also
consumers themselves) grew tenfold and the
number of employees within the four companies
tripled

e Income generation: customers are undertaking
new income-generating activities such as mobile-
phone charging and lighting of shops

e Savings: savings made on fuel and candles are

being redirected to food, animal feed, and loan
repayments

e Communications: more information sharing via
mobile phones, radio, and television. Specifically,
Vitalite produces educational shows for smallholder
farmers on improving productivity and farming
practices

e Education: children are studying for longer hours
and attended school more

e Cleaner indoor air.

BGFZ has also formed an Off-Grid Energy Task Force,
composed of stakeholders from the government,
development partners, finance, and the private
sector to coordinate activities, share challenges and
opportunities, and define pathways to strengthen
the enabling environment for the market. The Task

Force is embedded in, and led by, the Ministry of
Energy. It has already assisted with the drafting of
a new national mini-grid policy and the initiation of
discussions to improve the affordability of off-grid
energy solutions.?¢5:3¢

The Rent to Own (RTO) initiative mitigates the lack
of access to affordable, available, and appropriate
equipment for farming and food production.
Founded in 2010, RTO loans productive assets
requiring either grid or off-grid electricity, such as
submersible solar irrigation pumps, freezers, oil
presses, maize shellers, stoves, and hammermills to
farmers. Each asset is carefully selected for clients
and combined with tailored financing, delivery,
and training on equipment maintenance and
repair. The equipment itself also acts as collateral
if needed. By December 2018, with support from
Shell Foundation, Small Foundation, and others,
RTO had delivered over 7,000 productive use assets
and achieved an exceptional 96 percent repayment
rate. The solar irrigation pumps—which deliver over
10,000 liters of water per day at 25 meters of lift—
have been particularly successful for farmers and
livestock producers facing climate change and
increasingly frequent droughts.3¢’

Although renewable energy technologies and off-
grid solutions are increasingly available on the
market—in response to a growing demand to counter
Zambia's blackouts—there is still a perception that
grid extensions are prioritized and continue to
receive a large proportion of resources.*® Moreover,
continued reliance on hydropower and bioenergy
have further exposed the country’s energy system
to climate change and contributed towards rapid
deforestation. Importantly, strengthening climate-
smart agriculture programs would ensure that
farmers are both more efficient in their energy
use and resilient to climate change impacts. More
attention to off-grid, mini, and micro solutions would
potentially enable Zambia to reach its electrification
targets more quickly and at a lower cost. Ensuring
that these solutions are based on renewable energy
sources will avoid an increase in CO2 emissions.

Finally, although the energy sector has been
liberalized, there is an opportunity to clarify and
maximize the role of private finances in funding the

Rural Electrification Authority.*¢?



8. Conclusion

To spur economic growth, African countries need
to create smart energy systems that are designed
to benefit all actors along the food value chain,
particularly those living and working in rural areas.
Energy is a key input in food systems. It is required
in all aspects of food production, transformation,
distribution and consumption. Therefore, ensuring
the availability of affordable, clean, reliable and
continuous supply of energy plays a vital role in
transforming agriculture, improve food security
and contribute towards reducing hunger and
malnutrition across the continent. Furthermore,
the use of improved energy services will also
support continental and global efforts on tackling
poverty, employment, food loss, air pollution and
environmental degradation.

Although some African countries have made
significant headway in electrification through the
extension of central grid infrastructure, there is now
an opportunity to leapfrog this traditional approach
and instead focus on bottom-up, off-grid and mini-
grid solutions, tapping into the continent’s vast
resources for renewable energy including solar,
wind and hydro power. In Africa, the combination
of high population growth rates, urbanization, and
a rise in middle-class consumers are fueling a sharp
increase in food demand making universal access to
energy an urgent necessity, both for the production
and consumption of food.

The rapid increase of off-grid and mini-grid
technologies for hydro, wind and solar power is
already disrupting African energy landscapes and
enable Africa’s consumers to leapfrog outdated
and dirty technologies. It is estimated that by 2063,
renewable energies, including wind, solar, hydro,
bio, tidal and geothermal energies will represent
more than half of the energy consumed by African
households and businesses. Combined with Africa’s
mushrooming digital market, small-scale, micro and
nano solutions offer tailored services for the specific
needs of farmers.

As this report and the experience from six African
countries show, energy provision in rural areas can
have a transformative effect on people’s livelihoods
and Africa’s food system as a whole. One strategy
is to replicate and bring to scale those policy
innovations and interventions that have proven to
be successful on the ground.

Ethiopia's achievements are founded on its
Agriculture  Development Led Industrialization
Strategy, which provides a framework for concurrent
improvement in the agriculture and energy
sectors. For example, the Universal Electrification
Access Program has driven the development of
hydro sources, which support both, small scale
energy provision, and irrigation for agriculture.
Furthermore, through its Climate Resilient Green
Economy strategy launched in 2011, Ethiopia has
set sector-specific strategies in preparation for
transitioning to a green economy. This includes
expanding electricity generation from renewables
and leapfrogging to energy-efficient technologies
in the agriculture sector. Ghana has one of the
highest rates of electrification in SSA. This is founded
upon the success of the Self-Help Electrification
Programme, which propelled grid extension to the
more remote communities, and a strong emphasis
on facilitating private sector engagement through
regulation. Ghana has also expanded local research
and technical capabilities as well as programmatic
interventions directed towards achieving universal
energy access, with a focus on rural areas and the
agricultural processing sector. In Morocco, the
government has sent a strong signal for adopting
renewable energies at scale through setting fiscal
incentives, including subsidies to farmers for the
use and installation of solar pumps and panels,
while in Senegal, the government passed legislation
to liberalize the energy sector, incentivizing IPPs
to produce electricity and prioritized to expand
electricity access in rural areas with a target of 60
percent by 2022. Through the implementation of
the Integrated National Electrification Programme,
the South African government facilitated access
to electricity in the most remote areas using
alternative approaches to main grid extensions,
including decentralized solutions which were more
cost-effective and using different energy sources
for electricity generation. Finally, in Zambia, the
government has taken a cluster-based approach
to agricultural electrification through “farm blocks”
that are equipped with basic infrastructure and
complemented by industrial cluster zones for
agricultural processing. To meet increased energy
demand and connect rural areas to electricity, a
government strategy seeks to expand electrification
using a combination of grid extension and off-grid
solutions.



The experience of the six countries analyzed in this of policies and practices summarized below that,
report can enable other African governments to if brought to scale, could have a significant impact
develop country-specific strategies to increase the on agricultural transformation and overall economic
provision and use of energy in rural areas and at across the continent:

the benefit of food systems and rural populations.

The Malabo Montpellier Panel has identified a set

RECOMMENDATIONS

1.

Design integrated strategies for energy by ministries and departments
that have responsibilities for energy and those responsible for

food, agriculture and rural development to address concurrent
challenges.

Scale investments in off-grid and mini-grid solutions especially
via start- ups and businesses to leapfrog outdated and dirty
technologies.

Adopt gender-responsive energy strategies for the design and
implementation of energy strategies as well as the choice of
technologies and tools applied.

Address the multiple challenges of biomass-based energy use to
ensure that biomass is produced more sustainably, and that indoor
cooking is redesigned to be more environmentally friendly and
not harmful to human health.

Develop cross-border policies for energy security to help reduce
countries’ reliance on imported fuels while diversifying the energy mix.



Endnotes

IEA, 2019. Africa Energy Outlook 2019, World Energy Outlook Special Report. International Energy Agency, Paris.

Ibid.

GOGLA, 2019. Providing Energy Access through Off-Grid Solar: Guidance for Governments. GOGLA, Utrecht.

IEA, 2019. Africa Energy Outlook 2019, World Energy Outlook Special Report. International Energy Agency, Paris.

Ibid.

IEA, 2014. Africa Energy Outlook: A Focus on Energy Prospects in Sub-Saharan Africa (Special Report), World Energy Outlook.

OECD/IEA, Paris, France.

7. Hafner, M., Tagliapietra, S., de Strasser, L., 2018. The Challenge of Energy Access in Africa, in: Hafner, M., Tagliapietra, S.,
de Strasser, L. (Eds.), Energy in Africa: Challenges and Opportunities, SpringerBriefs in Energy. Springer International
Publishing, Cham, pp.1-21. https://doi.org/10.1007/978-3-319-92219-5_1

8. IEA, 2019. Africa Energy Outlook 2019, World Energy Outlook Special Report. International Energy Agency, Paris.

. Ibid.

10.  OECD/IEA, FAQ, 2017. How2Guide for Bioenergy: Roadmap Development and Implementation. OECD/IEA, FAQ, Paris.
http://www.fao.org/3/a-i6683e.pdf

11. World Development Indicators, 2019. Access to electricity, rural (% of rural population), World Bank, Washington D.C.
https://data.worldbank.org/indicator/EG.ELC.ACCS.RU.ZS [28/11/2019].

12.  Banerjee, S. G., Malik, K., Tipping, A., Besnard, J. S. G. and Nash, J. D., 2017. Double Dividend: Power and Agriculture
Nexus in Sub-Saharan Africa. Washington, D.C.: World Bank Group. http://documents.worldbank.org/curated/
en/561861491815768638/ Double-dividend-power-and-agriculture-nexus-in-Sub-Saharan-Africa

13.  Malabo Montpellier Panel, 2018. Mechanized: Transforming Africa’s Agriculture Value Chains. Dakar.

14.  UNEP, 2017. Atlas of Africa Energy Resources. United Nations Environment Programme, Nairobi.

15.  IEA, 2019. Africa Energy Outlook 2019, World Energy Outlook Special Report. International Energy Agency, Paris.

16.  UNEP, 2017. Atlas of Africa Energy Resources. United Nations Environment Programme, Nairobi.

17.  Kebede, E., Kagochi, J., Jolly, C.M., 2010. Energy consumption and economic development in Sub-Sahara Africa. Energy
Economics 32, 532-537. https://doi.org/10.1016/j.eneco.2010.02.003

18.  Badiane, O., Collins, J., 2016. Agricultural growth and productivity in Africa: recent trends and future outlook, in:
Agricultural Research in Africa: Investing in Future Harvests. International Food Policy Research Institute, Washington, D.C,
pp. 3-30.

19.  IRENA, 2015. Renewable Energy in the Water, Energy and Food Nexus. IRENA, Abu Dhabi, United Arab Emirates.

20. CEMA, 2014. Advancing Agricultural Mechanization (AM) to promote farming & rural development in Africa. CEMA,
Brussels.

21.  Sims, R., Flammini, A., Puri, M., Bracco, S., 2015. Opportunities For Agri-Food Chains To Become Energy-Smart. FAO and
USAID, Rome and Washington, DC.

22.  Best, S., 2014. Growing Power: Exploring energy needs in smallholder agriculture (Discussion Paper). IIED, London.; FAQ,
UNIDO, 2008. Agricultural mechanization in Africa..Time for action (Report of an Expert Group Meeting, January 2008,
Vienna, Austria), Planning investment for enhanced agricultural productivity. FAO and UNIDO, Rome, Vienna.

23. OECD/IEA, FAQ, 2017. How2Guide for Bioenergy: Roadmap Development and Implementation. OECD/IEA, FAO, Paris.
http://www.fao.org/3/a-i6683e.pdf

24.  Karlsson, G., Banda, K. (Eds.), 2009. Biofuels for sustainable rural development and empowerment of women: case studies
from Africa and Asia. International Network on Gender and Sustainable Energy (ENERGIA), Leusden.

25.  Scarlat, N., Kougias, I., 2018. Water-Energy-Food-Ecosystem Nexus in Western Africa: Small-scale sustainable solutions
and energy from agricultural organic waste (JRC Technical Report No. JRC111857). European Commission, Ispra.

26.  lbid.

27.  Stafford, W.H.L., Lotter, G.A., von Maltitz, G.P, Brent, A.C., 2019. Biofuels technology development in Southern Africa.
Development Southern Africa 36, 155-174. https://doi.org/10.1080/0376835X.2018.1481732

28.  Wiggins, S., Henley, G., Keats, S., 2015. Competitive or complementary? Industrial crops and food security in sub-Saharan
Africa.Overseas Development Institute, London.

29.  Achterbosch, T., Berkum, S. van, Meijerink, G., Asbreuk, H., Oudendag, D.A., 2014. Cash crops and food security:
contributions to income, livelihood risk and agricultural innovation. LEI Wageningen UR, The Hague.

30.  Lynd, LR, Sow, M., Chimphango, A., Cortez, L., Brito Cruz, C.H., Elmissiry, M., Laser, M., Mayaki, |.A., Moraes, M., Nogueira,
L., Wolfaardt, G.M., Woods, J., van Zyl, W.H., 2015. Bioenergy and African transformation. Biotechnol Biofuels 8, 18.
https://doi.org/10.1186/s13068-014-0188-5

31.  FAQ, 2010. Bioenergy and Food Security: The BEFS Analysis for Tanzania (Working Paper No. 35), Environment and |
NaturalResources Management Working Paper. Food and Agriculture Organization of the United Nations (FAO), Rome.

32.  Arndt C, Pauw K, Thurlow J., 2012, Biofuels and economic development: a computable general equilibrium analysis for
Tanzania, Energy Economics, 34,1922-1930, https://doi.org/10.1016/j.eneco.2012.07.020

33.  Dubois, O., Flammini, A., Kojakovic, A., Maltsoglou, I., Puri, M., Rincon, L., 2017. Energy Access: Food and Agriculture
(Special Feature), SEAR. International Bank for Reconstruction and Development / The World Bank, Washington, DC.

34.  Kahsai, M.S., Nondo, C., Schaeffer, PV., Gebremedhin, T.G., 2012. Income level and the energy consumption-GDP nexus:
Evidence from Sub-Saharan Africa. Energy Economics 34, 739-746. https://doi.org/10.1016/j.eneco.2011.06.006.

35.  Kahlin, G, Sills, E.O., Pattanayak, S.K., Wilfong, C., 2011. Energy, Gender and Development: What are the Linkages? Where
is the Evidence?, Policy Research Working Papers. The World Bank. https://doi.org/10.1596/1813-9450-5800

36.  World Bank, 2017. State of Electricity Access Report 2017, State of Electricity Access. International Bank for Reconstruction
and Development / The World Bank, Washington DC.

37. van der Kroon, B., Brouwer, R., van Beukering, P.J.H., 2013. The energy ladder: Theoretical myth or empirical truth? Results
from a meta-analysis. Renewable and Sustainable Energy Reviews 20, 504-513. https://doi.org/10.1016/j.rser.2012.11.045

38.  World Bank, E.S.M.A.P. (ESMAP), 2017. State of Electricity Access Report 2017, State of Electricity Access. International
Bank for Reconstruction and Development / The World Bank, Washington DC.

39.  IEA, 2019. Africa Energy Outlook 2019, World Energy Outlook Special Report. International Energy Agency, Paris.

40.  Ibid.

41.  Commission de I'union Africaine, 2015. Agenda 2063: L'Afrique que nous voulons. Commission De I'lUnion Africaine,

Addis Abeba. https://www.un.org/fr/africa/osaa/pdf/au/agenda2063-frameworkf.pdf

cAwWN =



42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.
63.

64.

65.

66.

67.

68.

69.
70.

71.

72.

73.

74.

75.

76.

Sims, R., Flammini, A., Puri, M., Bracco, S., 2015. Opportunities For Agri-Food Chains To Become Energy-Smart. FAO and USAID,
Rome and Washington, DC.

Dubois, O., Flammini, A., Kojakovic, A., Maltsoglou, I., Puri, M., Rincon, L., 2017. Energy Access: Food and Agriculture

(Special Feature), SEAR. International Bank for Reconstruction and Development / The World Bank, Washington, DC.
Tewes-Gradl, C., Pirzer, C., Heuer, A,, Liebl, J., Meyer, C., Robertshaw, A., 2016. Scaling Innovation at the Energy-Agriculture
Nexus in East Africa: A Sectoral Business Condition Brief. SEED, Berlin.

Cookson, P, Kuna, J., Golla, E., 2017. Benefits of low emission development strategies: The case of Kenya’s Lake Turkana Wind
Power Project, LEDS in Practice. Low Emission Development Strategies Global Partnership.

Gueye, M.K., 2018. Africa’s Energy Transition: Opportunities and Challenges for Decent Work, International Centre for Trade and
Sustainable Development. http://www.ictsd.org/bridges-news/bridges-africa/news/africa%E2%80%99s-energy-transition-op
portunities-and-challenges-for-decent [28/11/2019].

UNEP, 2017. Atlas of Africa Energy Resources, United Nations Environment Programme, Nairobi.

Houmy, K., Clarke, L. J., Ashburner, J. E., Kienzle J., 2013. Guidelines for preparing a strategy Agricultural Mechanization in
Sub-Saharan Africa, Integrated Crop Management Vol. 22-2013, http://www.fac.org/3/a-i334%e.pdf

Food and Agriculture Organization of the United Nations, 2019. The State of Food and Agriculture 2019, Moving forward on
food loss and waste reduction. Rome. < http://www.fao.org/3/ca6030en/cab030en.pdf > [accessed 28 November 2019].
Obayelu, A. E., 2014. Postharvest Losses and Food Waste: The Key Contributing Factors to African Food Insecurity and Environ
mental Challenge, African Journal of Food, Agriculture, Nutrition and Development (AJFAND), 14 (2).

Bekele, A. E., 2014. Five key constraints to small scale irrigation development in Ethiopia: socioeconomic view, Glob. Adv.

Res. J. Manag. Bus. Stud., 3 (10), 441-444. http://garj.org/full-articles/five-key-constraints-to-small-scale-irrigation-development-in-
ethiopia-socio-economic-view.pdf?view=inline

Best, S., 2014. Growing Power: Exploring energy needs in smallholder agriculture, IED Discussion Paper, lIED, https://pubs.iied.
org/pdfs/16562IIED.pdf

Calow, R. C., MacDonald, A. M., Nicol, A. L., Robins, N. S., 2010. Ground water security and drought in Africa: linking availability,
access, and demand, Ground Water, 48 (2), 246-256, https://doi.org/10.1111/j.1745-6584.2009.00558.x

Burney, J. A., Naylor, R. L., & Postel, S. L., 2013. The case for distributed irrigation as a development priority in sub-Saharan
Africa, Proceedings of the National Academy of Sciences of the United States of America (PNAS), 110 (31), 12513-

12517. https://doi.org/10.1073/pnas.1203597110

Ibid.

Micro-Solar Utilities for Small-Scale Irrigation, 2013. https://poweringag.org/news-events/project-news/7 1/filter/page/1
[26/11/2019]

Sahel Capital Partners & Advisory Limited, 2017. Catalysing sustainable agriculture and nutrition., Volume 1, http://sahelcp.
com/wp-content/uploads/2017/12/Sahel-Capital-Newsletter-Volume-17.pdf

Puri, M., 2016. How Access to Energy an Influence Food Losses: A brief overview, Climate and Environment division, FAO.
http://www.fao.org/3/a-i6626e.pdf

Banerjee, S. G., Kabi M., Tipping, A., Besnard , J. S. G. Nash, J. D., 2017. Double Dividend: Power and Agriculture Nexus in
Sub-Saharan Africa. Washington, D.C.: World Bank Group. http://documents.worldbank.org/curated/en/561861491815768638/
Double-dividend-power-and-agriculture-nexus-in-Sub-Saharan-Africa

Bekele, A. E., 2014. Five key constraints to small scale irrigation development in Ethiopia: socioeconomic view, Glob. Adv. Res.
J.Manag. Bus. Stud., 3 (10), 441-444. http://garj.org/garjmbs/10/2014/3/10/five-key-constraints-to-small-scale-irrigation-
development-in-ethiopia-socio-economic-view

Puri, M., 2016. How Access to Energy Can Influence Food Losse:s A brief overview, Climate and Environment division, FAO,
http://www.fao.org/3/a-i6626e.pdf

Africa Rice. Post-Harvest. http://www.africarice.org/warda/postharvest.asp [26/11/2019]

Scarlat, N., Kougias, I., 2018. Water-Energy-Food-Ecosystem Nexus in Western Africa: Small-scale sustainable solutions and
energy from agricultural organic waste (JRC Technical Report No. JRC111857). European Commission, Ispra.

Solar-Powered Refrigeration for Dairy Farms, 2013. https://poweringag.org/innovators/solar-powered-refrigeration-dairy-farms,
[26/11/2019]

Baudron, F, Sims, B., Justice, S., Kahan, D.G., Rose, R., Mkomwa, S., Kaumbutho, P,, Sariah, J., Nazare, R., Moges, G., Gérard, B.,
2015. Re-examining appropriate mechanization in Eastern and Southern Africa: two-wheel tractors, conservation agriculture,
and private sector involvement. Food Sec. 7, 889-904. https://doi.org/10.1007/s12571-015-0476-3

Njenga, P, Wahome, G. & Hine, J., 2014. Pilot Study on First Mile Transport Challenges in the Onion Smallholder Sector, IFRTD
Report.

67.Arndt, C., 2019. Renewable energy: Bringing electricity to revitalize Africa’s rural areas, in: Global Food Policy Report.
International Food Policy Research Institute, Washington, DC. https://doi.org/10.2499/9780896293502_07

Malabo Montpellier Panel, 2018. Mechanized: Transforming Africa’s Agriculture Value Chains. International Food Policy Research
Institute, Dakar.

La Laiterie du Berger. http://lalaiterieduberger.wordpress.com/ [26/11/2019]

FAO, 2013. Safe Access to Firewood and Alternative Energy In Humanitarian Settings (Guidance Note), FAO in Emergencies.
Food and Agriculture Organization of the United Nations, Rome.

Arndt, C., 2019. Renewable energy: Bringing electricity to revitalize Africa’s rural areas, in: Global Food Policy Report. Interna
tional Food Policy Research Institute, Washington, DC. https://doi.org/10.2499/9780896293502_07

Quedraogo, N. S., 2017. Africa energy future: Alternative scenarios and their implications for sustainable development strate
gies. Energy Policy 106, 457-471. https://doi.org/10.1016/j.enpol.2017.03.021

Africa Union Commission, 2015. Agenda 2063: The Africa We Want, Popular version. The African Union Commission, Addis
Ababa

African Union Commission, 2014. Malabo Declaration on Accelerated Agricultural Growth and Transformation for Shared
Prosperity and Improved Livelihoods 2014, Malabo, Equatorial Guinea, June 26-27, 2014. https://www.resakss.org/sites/default/
files/Malabo%20Declaration%200n%20Agriculture_2014_11%2026-.pdf

Africa Renewable Energy Initiative, 2015. A framework for transforming Africa towards a renewable energy powered future with
access for all. www.arei.org. [28/11/2019]

IRENA, 2019. Scaling up renewable energy deployment in Africa: Impact of IRENA's engagement. International Renewable

Energy Agency (IRENA), Abu Dhabi.



77.
78.
79.
80.
81.
82.
83.
84.
85.

86.
87.

88.

89.

90.

91.

92.
93.

94.
95.

96.

97.

98.

99.

100.
101.
102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114

Africa-EU Energy Partnership (AEEP), 2017. Ten Years of the Africa-EU Energy Partnership: Status Report 2017-18 and future
perspectives. Deutsche Gesellschaft fur Internationale Zusammenarbeit (GIZ) GmbH, Eschborn.

USAID, 2014. Power Africa, Annual Report July 2014, https://www.usaid.gov/sites/default/files/documents/1860/USAID_
Power Africa_AR_July2014.pdf 79.

USAID, 2018. Power Africa, Annual Report 2018. https://www.usaid.gov/sites/default/files/documents/1860/2018-Annual _
Report1015_508.pdf

African Development Bank, 2012. Energy Sector Policy of the AfDB Group. Operational Resources and Policies
Department (ORPC) at African Development Bank, Abidjan.

African Development Bank, 2016. The New Deal on Energy for Africa: A transformative partnership to light up and power
Africa by 2025. Update on Implementation. African Development Bank, Abidjan.

United Nations, 2018. The Sustainable Development Goals Report 2018. United Nations, New York.

Our Journey towards Sustainable Energy for All https://www.seforall.org/about-us/history [26/11/2019]

Clean Cooking Forum, 2019. https://www.cleancookingalliance.org [26/11/2019]

Hunt, S., Corbyn, D., Welford, K., Vianello, M., Scott, A., Bates, L., Comberti, O., 2012. Poor People’s Energy Outlook 2012.
Practical Action, Rugby.

Ibid.

World Bank (2010) ‘Addressing the electricity access gap’, Background paper for the World Bank Group Energy Sector
Strategy, World Bank, Washington DC

Tewes-Gradl, C., Pirzer, C., Heuer, A,, Liebl, J., Meyer, C., Robertshaw, A., 2016. Scaling Innovation at the Energy-Agriculture
Nexus in East Africa: A Sectoral Business Condition Brief. SEED, Berlin.

Stevens, L., Taylor, C., Leopold, A., 2016. National energy access planning from the bottom up (Policy Paper), Poor people’s
energy outlook 2016 briefing. Practical Action, Rugby

Hunt, S., Corbyn, D., Welford, K., Vianello, M., Scott, A., Bates, L., Comberti, O., 2012. Poor People’s Energy Outlook 2012.
Practical Action, Rugby.

Tewes-Gradl, C., Pirzer, C., Heuer, A,, Liebl, J., Meyer, C., Robertshaw, A., 2016. Scaling Innovation at the Energy-Agriculture
Nexus in East Africa: A Sectoral Business Condition Brief. SEED, Berlin.

Best, S., 2014. Growing Power: Exploring energy needs in smallholder agriculture (Discussion Paper). IIED, London.
Tewes-Gradl, C., Pirzer, C., Heuer, A,, Liebl, J., Meyer, C., Robertshaw, A., 2016. Scaling Innovation at the Energy-Agriculture
Nexus in East Africa: A Sectoral Business Condition Brief. SEED, Berlin.

FAO, 2012. The Case for Energy-Smart Food Systems (Policy Brief). FAO, Rome.

Sims, R., Flammini, A., Puri, M., Bracco, S., 2015. Opportunities For Agri-Food Chains To Become Energy-Smart. FAO and
USAID, Rome and Washington, DC.

Dubois, O., Flammini, A., Kojakovic, A., Maltsoglou, I., Puri, M., Rincon, L., 2017. Energy Access: Food and Agriculture (Special
Feature No. 115062), SEAR. The World Bank, Washington, DC.

Stevens, L., Taylor, C., Leopold, A., 2016. National energy access planning from the bottom up (Policy Paper), Poor people’s
energy outlook 2016 briefing. Practical Action, Rugby

Dubois, O., Flammini, A., Kojakovic, A., Maltsoglou, I., Puri, M., Rincon, L., 2017. Energy Access: Food and Agriculture (Special
Feature No. 115062), SEAR. The World Bank, Washington, DC.

Best, S., 2014. Growing Power: Exploring energy needs in smallholder agriculture (Discussion Paper). IIED, London.
GOGLA, 2019. Providing Energy Access through Off-Grid Solar: Guidance for Governments. GOGLA, Utrecht.

Tice, D., 2016. Energy Africa Access Campaign: Policy Compact, Sierra Leone (Final Report). Evidence on Demand.
Ammila, S., Kappen, J.F., Rysankova, D., Hyseni, B., Putti, V.R., 2014. Clean and improved cooking in Sub-Saharan Africa: a
landscape report (No. 98664). The World Bank.

Lambe, F., JUrisoo, M., Wanjiru, H., and Senyagwa, J., 2015. Bringing clean, safe, affordable cooking energy to households
across Africa: an agenda for action. Prepared by the Stockholm Environment Institute, Stockholm and Nairobi, for the

New Climate Economy. http://newclimateeconomy.report/misc/working-papers.

Kammila, S., Kappen, J.F.,, Rysankova, D., Hyseni, B., Putti, V.R., 2014. Clean and improved cooking in Sub-Saharan Africa: a
landscape report (No. 98664). The World Bank.

Habtezion, S., 2012. Overview of linkages between gender and climate change, in: Garmer, LW. (Ed.), Gender and Climate
Change, Capacity Development Series Africa. United Nations Development Programme, New York, NY.

Bank, TW., Improved cookstoves and better health in Bangladesh: lessons from household energy and sanitation
programmes. 2010, The World Bank. p. 1-136

Lambe, F., Jurisoo, M., Wanjiru, H., and Senyagwa, J., 2015. Bringing clean, safe, affordable cooking energy to households
across Africa: an agenda for action. Prepared by the Stockholm Environment Institute, Stockholm and Nairobi, for the

New Climate Economy. http://newclimateeconomy.report/misc/working-papers.

UN Women, UNDP, UNEP, 2015. Empowering Women for Sustainable Energy Solutions to Address Climate Change:
Experienc es from UN Women and UNDP-UNEP PEI Africa (Working Paper). UN Women Regional Office for Eastern and
Southern Africa (ESARO), United Nations Development Programme-United Nations Environment Programme
Poverty-Environment Initiative (UNDP-UNEP PEI) Africa.

Palacios-Lopez, A., Christiaensen, L., Kilic, T., 2017. How much of the labor in African agriculture is provided by women? Food
Policy 67, 52-63. https://doi.org/10.1016/j.foodpol.2016.09.017

Ashburner, J.E., Kienzle, J., Food and Agriculture Organization of the United Nations, United Nations Industrial Development
Organization, Centre for Agricultural Mechanization and Rural Technologies (Arusha, Tanzania) (Eds.), 2011. Investment in
agricultural mechanization in Africa: conclusions and recommendations of a Round Table Meeting of Experts, Agricultural and
Food Engineering Technical Report. Food and Agriculture Organization of the United Nations, Rome.

Independent Evaluation Group. 2008. The Welfare Impact of Rural Electrification: A Reassessment of the Costs and Benefits.
Washington, DC: World Bank.

IRENA .2016. Solar pumping for irrigation: Improving livelihoods and sustainability, The International Renewable Energy
Agency, Abu Dhabi.

Magrath, J., 2015. Transforming Lives in Zimbabwe: Rural Sustainable Energy Development Project (Oxfam Case Study).
Oxfam, Nairobi.

Stevens, L., Wilcox, M., Leopold, A., Taylor, C., Waters, L., 2016. Poor People’s Energy Outlook 2016. Practical Action
Publishing, Rugby.



115.

116

117.

118.
119.

120.
121.

122.

123.

124.

125.

126.

127.

128.
129.

130.
131.
132.
133.
134.
135.
136.
137.
138.
139.
140.
141.
142.
143.
144,
145.
146.
147.
148.
149.
150.

151.

152.

Habtezion, S., 2012. Overview of linkages between gender and climate change, in: Garmer, LW. (Ed.), Gender and
Climate Change, Capacity Development Series Africa. United Nations Development Programme, New York, NY.

GOGLA, 2019. Providing Energy Access through Off-Grid Solar: Guidance for Governments. GOGLA, Utrecht..

ESMAP, 2009. Grid Extension, in: Session 1. Presented at the Africa Electrification Initiative Workshop, World Bank, Maputo.
https://esmap.org/sites/default/files/esmap-files/Rpt_TUNISIA._session1sept21.pdf

Ibid.

Rawn, B., Louie, H., 2017. Planning for Electrification: On- and Off-Grid Considerations in Sub-Saharan Africa. IDS Bulletin 48.
https://doi.org/10.19088/1968-2017.161

UNEP, 2017. Atlas of Africa Energy Resources. United Nations Environment Programme, Nairobi.

Rawn, B., Louie, H., 2017. Planning for Electrification: On- and Off-Grid Considerations in Sub-Saharan Africa. IDS Bulletin 48.
https://doi.org/10.19088/1968-2017.161

Peters, J., Sievert, M., 2016. Impacts of rural electrification revisited - the African context. Journal of Development Effectiveness
8, 327-345. https://doi.org/10.1080/19439342.2016.1178320

Bernard, T., 2012. Impact Analysis of Rural Electrification Projects in Sub-Saharan Africa. World Bank Res Obs 27, 33-51.
https://doi.org/10.1093/wbro/lkq008

Lenz, L., Munyehirwe, A., Peters, J., Sievert, M., 2017. Does Large-Scale Infrastructure Investment Alleviate Poverty? Im

pacts of Rwanda’s Electricity Access Roll-Out Program. World Development 89, 88-110. https://doi.org/10.1016/j.world
dev.2016.08.003

Lee, K., Brewer, E., Christiano, C., Meyo, F., Miguel, E., Podolsky, M., Rosa, J., Wolfram, C., 2016. Electrification for “Under Grid”
households in Rural Kenya. Development Engineering 1, 26-35. https://doi.org/10.1016/j.deveng.2015.12.001

Lenz, L., Munyehirwe, A., Peters, J., Sievert, M., 2017. Does Large-Scale Infrastructure Investment Alleviate Poverty? Impacts of
Rwanda'’s Electricity Access Roll-Out Program. World Development 89, 88-110. https://doi.org/10.1016/j.world
dev.2016.08.003

Energypedia, 2017. Electrifying Africa: Grid Extension Models in Sub-Saharan Africa. energypedia.info. https://energypedia.
info/wiki/Electrifying_Africa:_Grid_Extension_Models_in_Sub-Saharan_Africa [18/09/20191].

Government of Kenya, 2018. Updated Least Cost Power Development Plan: 2017-2022.

Rawn, B., Louie, H., 2017. Planning for Electrification: On- and Off-Grid Considerations in Sub-Saharan Africa. IDS Bulletin 48.
https://doi.org/10.19088/1968-2017.161

Nalule, V.R., 2019. Energy Poverty and Access Challenges in Sub-Saharan Africa: The role of regionalism, Energy, Climate and
the Environment. Palgrave Macmillan. https://doi.org/10.1007/978-3-319-95402-8

Schiff, M. and Winters, L. A., 2002. Regional cooperation, and the role of international organizations and regional integration.
World Bank Policy Research Working Paper (2872).

Castellano, A., Kendall, A., Nikomarov, M., Swemmer, T., 2015. Brighter Africa: The growth potential of the sub-Saharan
electricity sector, Electric Power and Natural Gas. McKinsey & Company, London.

Ibid.

Bungane, B., 2018. Africa’s power pools can capture energy trade. ESI-Africa.com.

Banerjee, S.G., Malik, K., Tipping, A., Besnard, J.S.G., Nash, J.D., 2017. Double dividend: power and agriculture nexus in
Sub-Saharan Africa (No. 114112). The World Bank.

Blimpo, M.P.,, Cosgrove-Davies, M., 2019. Electricity Access in Sub-Saharan Africa: Uptake, Reliability, and Complementary
Factors for Economic Impact. The World Bank. https://doi.org/10.1596/978-1-4648-1361-0

Farquharson, D., Jaramillo, P., Samaras, C., 2018. Sustainability implications of electricity outages in sub-Saharan Africa. Nat
Sustain 1, 589-597. https://doi.org/10.1038/s41893-018-0151-8

Load Shedding - How does it affect agriculture?, n.d. . Soventix Powerful Returns. https://www.soventix.co.za/news/
how-load-shedding-affects-agriculture/ [18/09/2019].

Ouedraogo, N.S., 2017. Africa energy future: Alternative scenarios and their implications for sustainable development
strategies. Energy Policy 106, 457-471. https://doi.org/10.1016/j.enpol.2017.03.021

FAO, 2012. The Case for Energy-Smart Food Systems (Policy Brief). FAO, Rome.

Best, S., 2014. Growing Power: Exploring energy needs in smallholder agriculture (Discussion Paper). [IED, London.
Tewes-Gradl, C., Pirzer, C., Heuer, A,, Liebl, J., Meyer, C., Robertshaw, A., 2016. Scaling Innovation at the Energy-Agriculture
Nexus in East Africa: A Sectoral Business Condition Brief. SEED, Berlin.

Perez-Arriaga, |., Stoner, R., Nagpal, D., Jacquot, G., 2019. Global Commission to End Energy Poverty: Inception Report.
Massachusetts Institute of Technology, Massachusetts.

REN21, 2015. 2015 SADC Renewable Energy and Energy Efficiency Status Report. Renewable Energy Policy Network for the
21st Century (REN21) and United Nations Industrial Development Organization (UNIDO), Paris. Page 11.

Etzinger, A., n.d. How agri-business can reduce energy costs. Farmers Weekly 3. http://www.eskom.co.za/sites/idm/
Documents/Energyefficiencyinagriculture.pdf

GIZ, n.d. Energy solutions for agricultural and food industries. https://www.giz.de/en/worldwide/38429. html

[28/11/2019].

Pielli, K., Dhungel, H., Mason, D., Tobin, D., Gottfried, D., 2016. Examining Energy Efficiency Issues in Sub-Saharan Africa.
USAID. https://www.usaid.gov/powerafrica/newsletter/dec2014/smarter-power-in-africa [28/11/2019].

Stevens, L., Taylor, C., Leopold, A., 2016. National energy access planning from the bottom up (Policy Paper), Poor people’s
energy outlook 2016 briefing. Practical Action, Rugby.

Odarno, L., 2017. Electrifying Africa with Mini-grids: Five Lessons from Tanzania. World Resources Institute. https://www.wri.
org/blog/2017/10/electrifying-africa-mini-grids-five-lessons-tanzania [13/09/2019].

Dubey, S.C., Morris, C., 2018. A new chapter for Sub-Saharan Africa’s mini grids industry. World Bank Blogs. https://blogs.
world bank.org/nasikiliza/a-new-chapter-for-sub-saharan-africas-mini-grids-industry [28/11/2019].

Odarno, L., 2017. Electrifying Africa with Mini-grids: Five Lessons from Tanzania. World Resources Institute. https://www.wri.
org/blog/2017/10/electrifying-africa-mini-grids-five-lessons-tanzania [13/09/2019].

Hydropower resource assessment in Africa, 2018. Presented at the Water for agriculture and energy in Africa: The challenges

of climate change, FAO, Sirte, pp. 128-144.



153.

154.

155.

156.

157.

158.

159.
160.

161.
162.
164.
165.
166.
167.
168.
169.
170.

171.

172.
173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.
191.

192.

193.

UNDP Regional Bureau for Africa, 2018. Transforming lives through renewable energy access in Africa UNDP's Contributions.
UNDP Africa Policy Brief 1.

Avila, N., Carvallo, J.P,, Shaw, B. and Kammen, D.M., 2017. The energy challenge in sub-Saharan Africa: A guide for advocates
and policy makers. Technical report, OXFAM.

Nalule, V.R., 2019. Energy Poverty and Access Challenges in Sub-Saharan Africa: The role of regionalism, Energy, Climate and
the Environment. Palgrave Macmillan. https://doi.org/10.1007/978-3-319-95402-8

Odarno, L., 2017. Electrifying Africa with Mini-grids: Five Lessons from Tanzania. World Resources Institute. https://www.wri.
org/blog/2017/10/electrifying-africa-mini-grids-five-lessons-tanzania [13/09/2019].

Yadoo, A., 2012. Delivery models for decentralised rural electrification: case studies in Nepal, Peru and Kenya. International
Institute for Environment and Development, London.

Zajicek, C., 2019. How solar mini-grids can bring cheap, green electricity to rural Africa. ODL. https://www.odi.org/
blogs/10730-how-solar-mini-grids-can-bring-cheap-green-electricity-rural-africa [18/09/2019].

GOGLA, 2019. Providing Energy Access through Off-Grid Solar: Guidance for Governments. GOGLA, Utrecht.

Ouedraogo, N.S., 2017. Africa energy future: Alternative scenarios and their implications for sustainable development
strategies. Energy Policy 106, 457-471. https://doi.org/10.1016/j.enpol.2017.03.021

Sims, R., Flammini, A., Puri, M., Bracco, S., 2015. Opportunities For Agri-Food Chains To Become Energy-Smart.

FAO and USAID, Rome and Washington, DC.

Odarno, L., 2017. Electrifying Africa with Mini-grids: Five Lessons from Tanzania. World Resources Institute.
https://www.wri.org/blog/2017/10/electrifying-africa-mini-grids-five-lessons-tanzania [13/09/2019]. 163. Food and
Agriculture Organization of the United Nations, 2012. The Case for Energy-Smart Food Systems (Policy Brief). FAO, Rome.
Best, S., 2014. Growing Power: Exploring energy needs in smallholder agriculture (Discussion Paper). lIED, London.
Tewes-Gradl, C., Pirzer, C., Heuer, A, Liebl, J., Meyer, C., Robertshaw, A., 2016. Scaling Innovation at the Energy-Agriculture
Nexus in East Africa: A Sectoral Business Condition Brief. SEED, Berlin.

Tewes-Gradl, C., Pirzer, C., Heuer, A,, Liebl, J., Meyer, C., Robertshaw, A., 2016. Scaling Innovation at the Energy-Agriculture
Nexus in East Africa: A Sectoral Business Condition Brief. SEED, Berlin.

Haselip, J., Desgain, D., Mackenzie, G.A., UNEP Risg Centre on Energy, C. and S.D., 2013. Energy SMEs in sub-Saharan Africa:
outcomes, barriers and prospects in Ghana, Senegal, Tanzania and Zambia. UNEP Risg Centre, Roskilde.

GOGLA, 2019. Providing Energy Access through Off-Grid Solar: Guidance for Governments. GOGLA, Utrecht

Tice, D., 2016. Energy Africa Access Campaign: Policy Compact, Sierra Leone (Final Report). Evidence on Demand.
Livingston, G., Schonberger, S.N., Delaney, S., 2011. Sub-Saharan Africa: The state of smallholders in agriculture. Presented at
the New Directions for Smallholder Agriculture, IFAD, Rome.

Foster, V., Bricefio-Garmendia, C. (Eds.), 2010. Overview, in: Africa’s Infrastructure: A Time for Transformation. The
International Bank for Reconstruction and Development / The World Bank, Washington, D.C.

Africa might leapfrog straight to cheap renewable electricity and minigrids, 2017. The Economist.

Taneja, J., 2018. If You Build It, Will They Consume? Key Challenges for Universal, Reliable, and Low-Cost Electricity Delivery
in Kenya. SSRN Journal. https://doi.org/10.2139/ssrn.3310479

Blanchard, J., 2017. Getting Off-Grid Energy to Work for Agriculture. Getting Off-Grid Energy to Work for Agriculture.
https://www.tetratech.com/en/blog/getting-off-grid-energy-to-work-for-agriculture [16/09/2019].

Africa Power, n.d. The ABCD Model. AfricaPower. http://www.africapowerltd.com/innovation/the-abcd-model/ [16/09/2019].;
EEP Africa, 2018. Opportunities and Challenges in the Mini-Grid Sector in Africa: Lessons Learned from the EEP Portfolio.;
Ranade, M., 2013. 'A-B-C' model for Off-grid Energy Solutions.

Powering Agriculture Investment Alliance: FAQs, n.d.

Acumen, 2017. Energy Impact Report. Acumen, San Francisco.

AECF, 2018. Impact Report 2017.

Lay, J., 2017. The G20 Compact with Africa: An Incomplete Initiative, GIGA Focus Afrika, 2. German Institute of Global and Area
Studies - Leibniz-Institut fir Globale und Regionale Studien, Institut fiir AfrikaKunde, Hamburg.

U.S. Agency for International Development, 2019. Beyond the Grid. Power Africa. https://www.usaid.gov/powerafrica/beyond
thegrid [28/11/2019].

ABPP, 2019a. Kenya. Africa Biogas Partnership Programme. https://www.africabiogas.org/countries/kenya/ [16/09/2019].;
ABPP, 2019b. Ethiopia. Africa Biogas Partnership Programme. https://www.africabiogas.org/countries/ethiopia/

[16/09/2019].

IEA, 2019. Africa Energy Outlook 2019, World Energy Outlook Special Report. International Energy Agency, Paris.

Hunt, S., Corbyn, D., Welford, K., Vianello, M., Scott, A., Bates, L., Comberti, O., 2012. Poor People’s Energy Outlook 2012.
Practical Action, Rugby.

Sustainable Energy for All, Power For All, 2017. Why Wait? Seizing the Energy Access Dividend. Sustainable Energy for All,
Power for All and Overseas Development Institute, Washington D.C.

Dinkelman, T., 2011. The Effects of Rural Electrification on Employment: New Evidence from South Africa. The American
Economic Review 101, 3078-3108.

Norman, M., Darko, E., Whitley, S., Bawakyillenuo, S., Nyamedor, F., 2016. Mapping current incentives and investment in
Ghana'’s agriculture sector (No. Working paper 434). Overseas Development Institute, London.

Climate Investment Funds, 2011. Investment Plan For Mali, in: Meeting of the SREP Sub-Committee, SREP/SC.6/7. Climate
Investment Funds, Washington D.C.

NEPAD, 2015. Africa Power Vision Concept Note & Implementation Plan: from Vision to Action. New Partnership for Africa’s
Development (NEPAD), Midrand.

Desai, S., 2014. India’s Barefoot College lights up the world. Al Jazeera. https://www.aljazeera.com/indepth/features/2014/01/
india-barefoot-college-lights-up-world-201411464325362590.html [19/09/2019].

Best, S., 2014. Growing Power: Exploring energy needs in smallholder agriculture (Discussion Paper). IIED, London.

Hankins, M., 2017. Technical Assistance to the Renewable Energy Association of Sierra Leone (REASL): Final Report. Evidence
on Demand.

Stevens, L., Wilcox, M., Leopold, A., Taylor, C., Waters, L., 2016. Poor People’s Energy Outlook 2016. Practical Action Publishing,
Rugby.

Ibid.



194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.
206.

207.

208.

209.

210.

211.

212.

213.

214.

215.

216.

217.

218.

219.

220.

221.

222.

223.

224.

225.

226.

227.

228.

World Economic Forum, 2017. The Future of Jobs and Skills in Africa: Preparing the Region for the Fourth Industrial Revolution
(Executive Briefing). World Economic Forum, Geneva.

World Economic Forum, 2017. The Future of Jobs and Skills in Africa: Preparing the Region for the Fourth Industrial Revolution
(Executive Briefing). World Economic Forum, Geneva.

International Labour Organization, 2014. Namibia: Job creation in the green economy. http://www.ilo.org/global/topics/
greenjobs/projects/africa/WCMS_209927/lang--en/index.htm [17/09/2019].

International Labour Organization, 2006. A just transition to climate-resilient economies and societies: Issues and perspectives
for the world of work. Geneva: ILO.

International Labour Organization, 2013. Global Employment Trends for Youth 2013: A generation at risk (Report).

International Labour Organization, Geneva.

Rutten, L., Fanou, S.L., 2015. Innovative and Inclusive Finance for Youth in Agriculture, in: Africa Agriculture Status Report:
Youth in Agriculture in Sub-Saharan Africa. AGRA, Nairobi.

Lecoque, D., Wiemann, M., 2015. The Productive Use of Renewable Energy in Africa. European Union Energy Initiative
Partnership Dialogue Facility (EUEI PDF), Eschborn.

National Centers for Environmental Information, Version 4 DMSP-OLS Nighttime Lights Time Series, https://ngdc.noaa.gov/
eog/dmsp/downloadV4composites.html [29/11/2019]

Tankari, M. R., Glatzel, K., Demmler, K., 2019. Crop diversification and poverty reduction: The role of access to road in Niger.
Presented at the 6th African Conference of Agricultural Economists, in Sheraton Hotel, Abuja, Nigeria, September 23-26,

2019.

World Bank, 2019. Agriculture, forestry, and fishing, value added per worker (constant 2010 US$). World Development
Indicators. The World Bank Group, https://data.worldbank.org/indicator/NV.AGR.EMPL.KD

ESMAP, 2018. Regulatory Indicators for Sustainable Energy, ESMAP Report, Washington, DC: World Bank http://documents.
worldbank.org/curated/en/553071544206394642/pdf/132782-replacement-PUBLIC-RiseReport-HighRes.pdf

ESMAP. 2018. Regulatory Indicators for Sustainable Energy. ESMAP Report. Washington, DC: World Bank.

Ministry of Mines and Petroleum, 2011. About Us. The Ministry: Background. http://www.mom.gov.et/about.aspx#1
[27/11/2019].

Ministry of Water, Irrigation and Electricity, n.d. Mandate and Responsibility. About the Ministry. http://mowie.gov.et/man
date-and-responsibility [27/11/2019a].

U.S. Agency for International Development, 2019. Power Africa in Ethiopia Power Africa. https://www.usaid.gov/powerafrica/
ethiopia [27/11/2019].

Ministry of Water, Irrigation and Electricity, n.d. Rural Electrification Project. Electricity: Light to All. http://mowie.gov.et/
rural-electrification-project [27/11/2019b].

Climate and Development Knowledge Network, 2017. Mapping of Energy Institutions and Initiatives in Ethiopia. Climate and
Development Knowledge Network, Cape Town.

Ministry of Finance, 2011. Ethiopia’s Climate-Resilient Green Economy: Green economy strategy. Federal Democratic Republic
of Ethiopia, Addis Ababa.; Ministry of Finance, n.d. About Us. Ministry of Finance. http://www.mofed.gov.et/web/guest/about-us
[27/11/2019%a].

Federal Democratic Republic of Ethiopia, 2014. Council of Ministers Regulation for the Establishment of the Ethiopian
Environment and Forest Research Institute, Council of Ministers Regulation.

Ministry of Finance and Economic Development, 2002. Ethiopia: Sustainable Development and Poverty Reduction Program.
Federal Democratic Republic of Ethiopia, Addis Ababa.

Ministry of Finance and Economic Development, 2006. Ethiopia: Building on Progress. A Plan for Accelerated and Sustained
Development to End Poverty (PASDEP) 2005/06-2009/10, Volume |: Main Text. Addis Ababa.

Ministry of Finance and Economic Development, 2010. Growth and Transformation Plan 2010/11 -2014/15, Volume I: Main Text.
Federal Democratic Republic of Ethiopia, Addis Ababa.

Ethiopian ATA Agricultural Transformation Agency, n.d. Origin & History. Ethiopian ATA Agricultural Transformation Agency.
http://www.ata.gov.et/about-ata/origin-history-2/[27/11/2019].

National Planning Commission, 2016. Growth and Transformation Plan Il (GTP 11) 2015/16-2019/20, Volume I: Main Text. Federal
Democratic Republic of Ethiopia, Addis Ababa.

Ministry of Finance, n.d. About Us - CRGE Facility. Organisational and Governance Structures. http://www.mofed.gov.et/web/
guest/about-us?p_p_id=56_INSTANCE_eKCrNxcCafjZ&p_p_lifecycle=0&p_p_state=normal&p_p_mode=view&p_p_col_id=col
umn-1&p_p_col_count=1&_56_INSTANCE_eKCrNxcCafjZ_page=2[27/11/2019b].

National Planning Commission, 2016. Growth and Transformation Plan Il (GTP I1) 2015/16-2019/20, Volume |: Main Text. Federal
Democratic Republic of Ethiopia, Addis Ababa.

World Bank 2019, Agriculture, value added (annual % growth), World Bank. https://data.worldbank.org/indicator/NV.AGRTOTL.
KD.ZG [27/11/19]

Ministry of Finance and Economic Development, 2002. Ethiopia: Sustainable Development and Poverty Reduction Program.
Federal Democratic Republic of Ethiopia, Addis Ababa.

United Nations International Development Organization, n.d. Integrated Agro-Industrial Parks in Ethiopia. United Nations Inter
national Development Organization, Vienna.

Ethiopia: Agro-Parks - Are They in Good Shape?, 2018. allAfrica.com. https://allafrica.com/stories/201806110692.html
[22/10/2019].

Ministry of Water, Irrigation and Electricity, n.d. Rural Electrification Project. Electricity: Light to All. http://mowie.gov.et/
rural-electrification-project [27/11/2019b].

Ministry of Finance and Economic Development, 2006. Ethiopia: Building on Progress. A Plan for Accelerated and Sustained
Development to End Poverty (PASDEP) 2005/06-2009/10, Volume |: Main Text. Addis Ababa.

Ministry of Finance and Economic Development, 2010. Growth and Transformation Plan 2010/11 -2014/15, Volume |: Main Text.
Federal Democratic Republic of Ethiopia, Addis Ababa.

National Planning Commission, 2016. Growth and Transformation Plan Il (GTP I1) 2015/16-2019/20, Volume |: Main Text. Federal
Democratic Republic of Ethiopia, Addis Ababa.

World Development Indicators, 2019. Access to electricity (% of population), World Bank, Washington D.C. https://data.world
bank.org/indicator/EG.ELC.ACCS.ZS [28/11/2019]; World Development Indicators, 2019. Access to electricity, rural (% of rural
population), World Bank, Washington D.C. https://data.worldbank.org/indicator/EG.ELC.ACCS.RU.ZS [28/11/2019].



229.

230.

231.

232.

233.

2016.

234.

235.
236.

237.
238.
239.
240.
241.
242.
243.
244,
245.
246.
247.
248.
249.
250.
251.
252.
253.

254.

255.

256.

257.

258.

259.

260.

261.

262.

263.

264.

265.

National Planning Commission, 2016. Growth and Transformation Plan Il (GTP I1) 2015/16-2019/20, Volume |: Main Text.
Federal Democratic Republic of Ethiopia, Addis Ababa.

Energising Development, 2012. Energising communities in Ethiopia. Energising Development, Eschborn, Germany.;
Energising Development, n.d. Ethiopia. https://endev.info/content/Ethiopia [27/11/2019].; Hakala, R., 2017. Official launch
of European Union support to Energising Development Ethiopia (Press Release). Energising Development Ethiopia; Deutsche
Gesellschaft fur Internationale Zusammenarbeit (GIZ) GmbH, Addis Ababa.

Energising Development, 2012. Energising communities in Ethiopia. Energising Development, Eschborn, Germany.;
Energising Development, n.d. Ethiopia. https://endev.info/content/Ethiopia [27/11/2019].; Hakala, R., 2017. Official launch of
European Union support to Energising Development Ethiopia (Press Release). Energising Development Ethiopia; Deutsche
Gesellschaft fur Internationale Zusammenarbeit (GIZ) GmbH, Addis Ababa.

National Planning Commission, 2016. Growth and Transformation Plan Il (GTP I1) 2015/16-2019/20, Volume |: Main Text.
Federal Democratic Republic of Ethiopia, Addis Ababa.

Ministry of Water, Irrigation and Electricity, n.d. Alternative Energy Technology. Alternative Energy Technology Development
and Promotion Directorate. http://mowie.gov.et/alternative-energy-technology [27/11/2019c]. Global Environment Facility,
Promoting Sustainable Rural Energy Technologies (RETs) for Household and Productive Uses. Project Summary. https://www.
thegef.org/project/promoting-sustainable-rural-energy-technologies-rets-household-and-productive-uses [27/11/2019].
Federal Democratic Republic of Ethiopia, 2019. National Electrification Program 2.0: Integrated Planning for Universal Access,
Lighting to All. Addis Ababa.

ESMAP. 2018. Regulatory Indicators for Sustainable Energy. ESMAP Report. Washington, DC: World Bank.

Kemausuor, F., Ackom, E., 2017. Toward universal electrification in Ghana. WIREs Energy Environ 6, e225.
https://doi.org/10.1002/wene.225

IRENA, 2015. Ghana: Renewables Readiness Assessment. International Renewable Energy Agency (IRENA), Abu Dhabi.
Kumi, E.N., 2017. The Electricity Situation in Ghana: Challenges and Opportunities. CGD Policy Paper 30.

Ministry of Energy, n.d. About. Welcome to the Ministry of Energy. http://www.energymin.gov.gh/index.php/about
[27/11/2019].

Kumi, E.N., 2017. The Electricity Situation in Ghana: Challenges and Opportunities. CGD Policy Paper 30.

Ibid.

Ibid.

Government of Ghana, Energy Commission, Sustainable Energy for All, UN Ghana, 2012. Ghana: Sustainable Energy for All
Action Plan. Accra.

University of Energy and Natural Resource, 2018. School of Agriculture and Technology. School of Agriculture and Technology.
https://www.uenr.edu.gh/courses/school-of-agriculture-and-technology/ [27/11/2019].

Government of Ghana, 1995. Ghana - Vision 2020 (The First Step: 1996-2000). Presidential Report Co-ordinated Programme
of Economic and Social Development Policies, Policies for the Preparation of 1996-2000 Development Plan. Government of
Ghana, Accra.

Energy Commission, 2006. Strategic National Energy Plan 2006 - 2020 (Main Report). Energy Commission, Accra.

IRENA, 2015. Ghana: Renewables Readiness Assessment. International Renewable Energy Agency (IRENA), Abu Dhabi.
Ministry of Energy, 2010. Energy Sector Strategy and Development Plan. Republic of Ghana, Accra.

Ministry of Energy, 2010b. National Energy Policy. Ministry of Energy, Accra.

Ministry of Energy, 2019. Ghana Renewable Energy Master Plan. Energy Commission, Accra.

Ministry of Energy, 2019. Ghana Renewable Energy Master Plan. Energy Commission, Accra.

IEA data/Electricity and heating; Ebenezer Nyarko Kumi. 2017. “The Electricity Situation in Ghana: Challenges and
Opportunities.” CGD Policy Paper. Washington, DC: Center for Global Development. https://www.cgdev.org/ publication/
electricity-situation-ghana-challenges-and-opportunities

Asumadu-Sarkodie, S., Owusu, PA., 2016. A review of Ghana's energy sector national energy statistics and policy framework.
Cogent Engineering 3. https://doi.org/10.1080/23311916.2016.1155274

Opam, M., 1995. Institution Building in the Energy Sector of Africa: A Case Study of the Ghana Power Sector Reform
Programme. Presented at the 6th Session of the Africa Regional Conference on Mineral and Energy Resources Development
and Utilisation, Accra.

Government of Ghana, Energy Commission, Sustainable Energy for All, UN Ghana, 2012. Ghana: Sustainable Energy for All
Action Plan. Accra.

The World Bank, 2015. International Development Association Project Paper on a Proposed Additional Credit in the amount of
SDR 42.7 million (US$60 million equivalent) to the Republic of Ghana for the Development and Access Project (No. PAD1260).
The World Bank, Washington D.C.

Energising Development, 2017. Ghana. Ghana. https://endev.info/content/Ghana [15/10/2019].

The Gold Standard, n.d. The Gyapa Cookstoves Project. The Gyapa Cookstoves Project. https://www.goldstandard.org/
projects/gyapa-cookstoves-project [15/10/2019].

Solar drying technology for smallholder farmers in Ghana, n.d. . Food & Business Knowledge Platform. https://knowledge
4food.net/research-project/arf1-solar-drying-technology-ghana/ [15/10/2019].

Etu-Bonde, K., n.d. Development of automated solar powered fruit drying technology for smallholder farmers in Ghana: Fact
sheet final findings Applied Research Fund Call 1.

Etu-Bonde, K., n.d. Development of automated solar powered fruit drying technology for smallholder farmers in Ghana.
NWO. https://www.nwo.nl/en/research-and-results/research-projects/i/49/12549.html [15/10/2019b].

Cargill installs renewable energy facility at cocoa plant in Ghana, 2017. C&Cl Mag. https://www.coffeeandcocoa.
net/2017/12/04/cargill-renewable-energy-facility-ghana/ [15/10/20191].

Renews Ltd, 2019. Solar hits sweetspot for Ghanaian cocoa factory. reNEWS - Renewable Energy News. https://renews.
biz/51827/solar-hits-sweetspot-for-cocoa-factory/ [15/10/2019].

Barrett, T., 2019. How to...turn cocoa beans into electricity for off-grid Ghanaian farmers. Environment Journal. https://environ
mentjournal.online/articles/how-to-turn-cocoa-beans-into-electricity-for-off-grid-ghanaian-farmers/ [15/10/2019].

World Development Indicators, 2019. Access to electricity, rural (% of rural population), World Bank, Washington D.C.
https://data.worldbank.org/indicator/NV.AGR.EMPL.KD. [28/11/2019]



266.
267.

268.
269.

270.

271.

272.

273.

274.

275.

276.

277.

278.

279.

280.

281.

282.

283.

284.

285.

286.

287.

288.

289.
290.

291.

292.

293.

294.

295.

296.

297.

298.

299.

300.

Ministere de I'Energie, des Mines et de I'Environnement https://www.mem.gov.ma/Pages/art.aspx?v=7 [26/11/2019]
Amegroud, T. 2015, Morocco’s Power Sector Transition: Achievements and Potential. Paper produced within the framework of
the IAI-OCP Policy Center partnership. https://www.iai.it/sites/default/files/iaiwp 1505.pdf

Agence Marocaine pour |'Efficacité Energétique http://www.amee.ma/index.php?lang=en [26/11/2019]

IEA, 2019. Energy Policies beyond IEA Countries: Morocco, Energy Policies Beyond IEA Countries. International Energy
Agency, Paris.

Résultats des Appels a Projets, 2018. http://www.iresen.org/20-projets-preselectionnes-au-titre-de-lannee-2018-avec-un
financement-a-hauteur-de-50-millions-de-dirhams-dans-le-cadre-des-appels-a-projets-green-inno-project-et-gree/
[26/11/2019]

Redouane, A., Masaki, M., Meijer, M., Essakkati, H., 2018. Business Opportunities Report for Morocco's Renewable Energy
Sector, Commissioned by the Netherlands Enterprise Agency. Netherlands Enterprise Agency, Utrecht.

Bulletin Officiel, N°6480-2 chaoual 1437 (7-7-2016) https://www.droit-afrique.com/uploads/Maroc-Loi-2015-48-regulation
secteur-electricite.pdf

IEA, 2019. Energy Policies beyond IEA Countries: Morocco, Energy Policies Beyond IEA Countries. International Energy
Agency,Paris.

Fritzsche, K., Zejli, D., Tanzler D., 2011. The relevance of global energy governance for Arab countries: The case of Morocco,
Energy Policy, 39(8)4497-4506. https://doi.org/10.1016/j.enpol.2010.11.042

Moroccan-German Energy Partnership, 2017. Renewable energy and energy efficiency in Morocco: Context and market
access.,Information for small and medium-sized enterprises. Deutsche Gesellschaft fir Internationale Zusammenarbeit (G1Z)
GmbH, Rabat.

ADEREE, 2014. Stratégie Nationale d'Efficacité Energétique a horizon 2030. Agence Nationale pour le Développement des
Energies Renouvelables de I'Efficacité Energétique, Rabat.

Ibid.

Chentouf M. A, Allouch M. A, 2018. Renewable and Alternative Energy Deployment in Morocco and Recent Developments in
the National Electricity Sector. MOJ Solar Photoenergy Systems 2(1): 00017. https://doi.org/10.15406/mo
jsp.2018.02.00017

Choukri, K., Naddami, A., Hayani, S., 2017. Renewable energy in emergent countries: lessons from energy transition in
Morocco. Energ Sustain Soc 7, 25. https://doi.org/10.1186/s13705-017-0131-2

Deloitte Touche Tomatsu Emerging Markets, Ltd., E.M.G., 2004. Sustainable Power Sector Reform in Emerging Markets -
Financial Issues and Options. Joint World Bank/USAID Policy Paper (Policy Paper). World Bank US Agency for International
Development (USAID).

El-Katiri, L., 2016. Morocco's Green Energy Opportunity (Policy Brief No. PB-16/33). OCP Policy Center, Rabat.

Groupe Credit Agricole du Maroc, 2012. Guide Pratique de I'Efficacité Energétique dans les grandes exploitations agricoles
marocaines. Groupe Credit Agricole du Maroc.

GIZ, 2019. Pompage Solaire: Investigation de I'impact des installations de pompage solaire sur la consommation d'eau et la
situation socio-économique d'un agriculteur dans 3 zones pilotes au Maroc, Deutsche Gesellschaft fir Internationale
Zusammenarbeit (GIZ) GmbH , Bonn.

Le programme national de pompage solaire, un projet rentable pour I'Etat et les agriculteurs http://www.agriculture.gov.
ma/pages/actualites/le-programme-national-de-pompage-solaire-un-projet-rentable-pour-letat-et-les-agriculteurs
[27/11/2019]

GIZ, 2019. Pompage Solaire: Investigation de I'impact des installations de pompage solaire sur la consommation d'eau et la
situation socio-économique d'un agriculteur dans 3 zones pilotes au Maroc, Deutsche Gesellschaft fir Internationale
Zusammenarbeit (GIZ) GmbH , Bonn.

World Development Indicators, 2019. Agriculture, forestry, and fishing, value added per worker (constant 2010 US$). World
Bank, Washington D.C. https://data.worldbank.org/indicator/NV.AGR.EMPL.KD [28/11/2019].

Ministere du Pétrole et des Energies du Senegal Mission du Ministére http://www.energie.gouv.sn/missions-du-ministere/
[27/11/2019]

République du Sénégal, 2015. Plan d’Actions National des Energies Renouvelables (PANER) Période [2015-2020/2030],
Ministére de I'Energie et du Développement des Energies Renouvelables, Dakar.

Commission de Régulation du Secteur de I'Electricité http://www.crse.sn/historique [27/11/2019]

L'’Agence Sénégalaise d'Electrification rurale (ASER) http://www.energie.gouv.sn/agence-senegalaise-delectrification-rurale/
[27/11/2019]

Camblong, H., Sarr, J., Niang, AT., Curea, O., Alzona, J.A., Sylla, E.H., et al, 2009. Micro-grids project, Part 1: Analysis of rural
electrification with high content of renew-able energy sources in Senegal, Renewable Energy, 34:2141-50. https://doi.
org/10.1016/j.renene.2009.01.015

GIZ, AEME, 2019. Stratégie de Maitrise de I'Energie du Sénégal (SMES), Rapport Final, https://aemesn.com/wp-content/up
loads/2019/09/RAPPORT-FINAL-STRATEGIE-SENEGAL.pdf

République du Sénégal, 2015. Plan d'Actions National des Energies Renouvelables (PANER) Période [2015-2020/2030],
Ministére de I'Energie et du Développement des Energies Renouvelables, Dakar.

Ba, A.S., 2018. The energy policy of the Republic of Senegal: Evaluation and Perspectives, hal-01956187. https://hal.
archives-ouvertes.fr/hal-01956187/document

Ibid.

Faye, A., Fall, C.S., Dia, D., Nduor, A., Wade, ., Diédhiou, ., 2012. Impact de l'introduction des biocarburants au Sénégal :
Evaluation du colt d'opportunité de Jatropha curcas L pour les producteurs dans le Bassin arachidier, ISRA-BAME DT N°1
Juillet 2012, Dakar.

République du Sénégal, 2015. Plan d'Actions National des Energies Renouvelables (PANER) Période [2015-2020/2030],
Ministere de I'Energie et du Développement des Energies Renouvelables, Dakar.

Gesto Energia, SA, 2018. Senegal’s SE4ALL Rural Electrification: Action Agenda and Investment Prospectus. The International
Bank for Reconstruction and Development / The World Bank Group, Washington D.C.

Ba, A.S.2018. The energy policy of the Republic of Senegal: Evaluation and Perspectives, hal-01956187. https://hal.
archives-ouvertes.fr/hal-01956187/document

Gesto Energia, SA, 2018. Senegal’s SE4ALL Rural Electrification: Action Agenda and Investment Prospectus. The International
Bank for Reconstruction and Development / The World Bank Group, Washington D.C.



301.

302.

303.

304.

305.

306.
307.
308.
309.
310.
311.
312.
313.
314.
315.
316.
317.
318.
319.
320.
321.
322.
323.
324.
325.
326.

327.

328.

329.

330.

331.

332.

333.

334.
335.

336.

337.

338.

339.

340.

341.

GET.Invest, 2019. Senegal: Renewable Energy Applications in Agricultural Value-Chains, Developer Guide, Deutsche
Gesellschaft fir Internationale Zusammenarbeit (GIZ) GmbH, Bonn and Eschborn.

Gesto Energia, SA, 2018. Senegal’s SE4ALL Rural Electrification: Action Agenda and Investment Prospectus. The International
Bank for Reconstruction and Development / The World Bank Group, Washington D.C.

Dia, D., Fall, C. S., Ndour, A., Sakho-Jimbira M. S., 2009. Le Sénégal face a la crise énergétique mondiale : Enjeux de
I'émergence de la filiere des biocarburants, Rapport d'étude, Isra-Bame, Dakar.

Aide au Développement Gembloux, 2012. Intérét de mettre en place une filiere courte basée sur I'espéce Jatropha curcas L.
dans la commune rurale de Dialacoto, Thies.

Faye, A., Fall, C.S., Dia, D., Ndour, A., Wade, |., Diédhiou, ., 2012. Impact de l'introduction des biocarburants au Sénégal :
Evaluation du cot d'opportunité de Jatropha curcas L. pour les producteurs dans le Bassin arachidier, ISRA-BAME DT

N°1 Juillet 2012, Dakar.

Ba, A.S., 2018. The energy policy of the Republic of Senegal: Evaluation and Perspectives, hal-01956187, https://hal.
archives-ouvertes.fr/hal-01956187/document

Department of Energy, 2019. Department of Energy Annual Report 2018/2019, Department of Energy, Pretoria.

CEF Group of Companies, 2019. Integrated Annual Report 2018/19, CEF Group of Companies, Johannesburg.

Mokveld, K., von Ejie, S., 2018. Final Energy report South Africa (No. RVO-208-1801/RP-INT). Netherlands Enterprise Agency,
The Hague.

National Nuclear Regulator, 2018. Strategic Plan 2018 - 2023. National Nuclear Regulator, Cape Town.

NECSA, 2019. 2018 Integrated Annual Report (No. RP59/2019). NECSA, Pretoria.

The national radioactive waste disposal institute act (no. 53 of 2008) https://www.nrwdi.org.za/institute.html# [27/11/2019]
Mokveld, K., von Ejie, S., 2018. Final Energy report South Africa (No. RVO-208-1801/RP-INT). Netherlands Enterprise Agency,
The Hague.

Department of Minerals and Energy, 1998. White Paper on the Energy Policy of the Republic of South Africa. Department of
Minerals and Energy, Pretoria.

Department of Minerals and Energy, 2003. White Paper On Renewable Energy. Department of Minerals and Energy,

Pretoria.

Mokveld, K., von Ejie, S., 2018. Final Energy report South Africa (No. RVO-208-1801/RP-INT). Netherlands Enterprise Agency,
The Hague.

Ibid.

Government of the South Africa, 2011. Integrated Resource Plan for Electricity 2010-2030, Revision 2 Final Report. Pretoria.
Government of the South Africa Republic, 2018. Integrated Resource Plan, Final Draft_22/8/2018 For Public Input. Department
of Energy, Pretoria.

Cost of power outages to SA economy significant - Ramaphosa https://www.iol.co.za/news/politics/cost-of-poweroutages-
to-sa-economy-significant-ramaphosa-35498061 [27/11/2019]

National Planning Commission, 2011. National Development Plan Vision for 2030. National Planning Commission, Pretoria.
Department of Energy, 2013. National Electrification Programme (INEP). Department of Energy, Pretoria.

The World Bank, 2015. Evaluation of rural electrification concessions in sub-Saharan Africa : detailed case study - The South
African Solar Home System (SHS) Concessions (No. 116659). The World Bank.

Department of Energy, 2013. National Electrification Programme (INEP). Department of Energy, Pretoria.

Ibid

Dinkelman, T. 2011. The Effects of Rural Electrification on Employment: New Evidence from South Africa, American Economic
Review, 101 (7): 3078-108

Essex, S., Groot, J. 2019. Understanding energy transitions: The changing versions of the modern infrastructure ideal and
the ‘energy underclass’ in South Africa, 1860-2019, Energy Policy, Volume 133, October 2019, 110937 https://doi.org/10.1016/].
enpol.2019.110937

Mushwana, C., Milazi, D., Bischof-Niemz, T., 2016. Success of the REIPPPP and potential future considerations. In: Simpson, G.
(Ed.), The Sustainable Energy Resource Handbook, South Africa, vol. 7. Alive2green, Cape Town, pp. 20-29.

Mokveld, K., von Ejie, S., 2018. Final Energy report South Africa (No. RVO-208-1801/RP-INT). Netherlands Enterprise Agency,
The Hague.

South African-German Energy Programme (SAGEN), 2016. Biogas Industry in South Africa: An Assessment of the Skills Need
and Estimation of the Job Potential. Deutsche Gesellschaft fur Internationale Zusammenarbeit (GIZ) GmbH, Eschborn.
Bronkhorstspruit Biogas Plant (Pty) Ltd https://www.bio2watt.com/bio2watt%E2%80%99s-bronkhorstspruit-biogas-plant-(p
ty)-ltd.html [27/11/2019]

Pegels, A., 2010. Renewable energy in South Africa: Potentials, barriers and options for support. Energy Policy 38, 4945-4954.
https://doi.org/10.1016/j.enpol.2010.03.077

Jansen, N., 2019. Agri SA warns of negative impact of load-shedding on agriculture. In Engineering News. https://www.engi
neeringnews.co.za/article/agri-sa-warns-of-negative-impact-of-load-shedding-on-agriculture-2019-02-11.[05/12/2019]
ESMAP. 2018. Regulatory Indicators for Sustainable Energy. ESMAP Report. Washington, DC: World Bank.

World Bank, 2019. Access to electricity, rural (% of rural population), World Bank. https://data.worldbank.org/indicator/EG.ELC.
ACCS.RU.ZS [28/11/2019]

IEA, 2019. Electricity and heat. Electricity generation by source, Zambia 1990-2017. International Energy Agency, Paris.
[28/11/2019]. https://www.iea.org/statistics/

World Bank, 2019. Access to electricity, rural (% of rural population), World Bank. https://data.worldbank.org/indicator/EG.ELC.
ACCS.RU.ZS [28/11/2019]

Rural Electrification Authority, 2017. Corporate Philosophy [WWW Document]. REA - Rural Electrification Authority.

URL http://www.rea.org.zm/about-us/corp-philosophy.html (accessed 12.2.19).

Ministry of Energy, 2019. About the Ministry. Ministry of Energy: A Smart and Value-Centered Public Service. https://www.moe.
gov.zm/about-the-ministry/ [28/11/2019].

Energy Regulation Board of Zambia, 2005. Introduction. Vision Statement. http://www.erb.org.zm/content.php?view
page=vmms [28/11/2019].

Office for Promoting Private Power Investment (OPPPI), n.d. About Us. http://www.opppi.gov.zm/index.php/about-us
[28/11/2019].



342.
343.
344,

345.
346.
347.

348.
349.

350.

351.

352.

353.

354.

355.

356.

357.

358.

359.

360.

361.

362.

363.

364.
365.

366.
367.

368.

369.

Phiri, Bestty, 2006. Electricity Energy Sector Reform Initiatives in Zambia: A Case Study of Commercialization of Zesco
Limited.

Zambezi River Authority, 2019. About Us. Overview. http://www.zambezira.org/about-us [28/11/2019].

Copperbelt Energy Corporation Plc (CEC), 2019. Our Profile. Who we are. https://cecinvestor.com/our-profile/ [28/11/2019].
International Hydropower Association, n.d. Lunsemfwa Hydro Power Company. International Hydropower Association.
https://www.hydropower.org/companies/lunsemfwa-hydro-power-company [28/11/2019].

TAZAMA Pipelines Ltd, n.d. Who we are. Who we are. http://www.tazama.co.zm/?page_id=20[28/11/2019].

Republic of Zambia, 2006. Vision 2030: A prosperous middle-income nation by 2030. Republic of Zambia, Lusaka.

EA, 2019. Energy supply. Total primary energy supply (TPES) by source, Zambia 1990-2017. International Energy Agency,
Paris. [28/11/2019]. https://www.iea.org/statistics/

Republic of Zambia, 2006. Vision 2030: A prosperous middle-income nation by 2030. Republic of Zambia, Lusaka.

Barua, R., Wood, M., 2018. Stand-Alone Solar Businesses in Zambia: A Guide for Venture Developers and Investors. Africa-EU
Renewable Energy Cooperation Programme (RECP), Eschborn.

AFREPREN/FWD, ENDA-TM, 2006. Compendium of National Energy Policies and Strategies. AFREPREN/FWD and ENDA-TM,
Nairobi, Kenya.

World Development Indicators, 2019. Access to electricity, rural (% of rural population), World Bank, Washington D.C.
https://data.worldbank.org/indicator/EG.ELC.ACCS.RU.ZS [28/11/2019]; World Development Indicators, 2019. Access to
electricity, urban (% of urban population), World Bank, Washignton D.C. https://data.worldbank.org/indicator/EG.ELC.ACCS.
UR.ZS [28/11/2019].

Ministry of Energy and Water Development, 2008. The National Energy Policy 2008. Republic of Zambia, Lusaka.

Republic of Zambia, 2006. Vision 2030: A prosperous middle-income nation by 2030. Republic of Zambia, Lusaka.

Central Statistical Office, 2007. Environment Statistics in Zambia: Energy Statistics. Central Statistical Office, Lusaka.; Central
Statistical Office, 2018. Compendium of Environment Statistics, 2015, Country Status Report on Environment Statistics,
2014. Central Statistical Office, Lusaka.

IEA, 2019. Energy consumption. Total final consumption (TFC) by sector, Zambia 1990-2017. International Energy Agency,
Paris. https://www.iea.org/statistics/ [28/11/19]

UNDP, CAADP, NEPAD, 2013. Zambia Agriculture Investment Opportunities Brief: CAADP Investment Facilitation Programme.
UNDP, CAADP, NEPAD.

Mulenga, D., 2018. Zambia’s farm blocks get massive investor boost. African Farming. https://www.africanfarming.com/
zambiafarm-blocks-massive-investor-boost/ [28/11/2019].

Ministry of Agriculture and Livestock, 2013. National Agriculture Investment Plan (NAIP) 2014-2018: Under the Comprehensive
Africa Agriculture Development Programme (CAADP), Final Draft. Government of the Republic of Zambia, Lusaka.

World Bank. 2019. Zambia Climate-Smart Agriculture Investment Plan: Analyses to Support the Climate-Smart Develop
ment of Zambia's Agriculture Sector. World Bank, Washington, DC. World Bank. https://openknowledge.worldbank.
org/handle/10986/31383

Japan International Cooperation Agency (JICA), 2008. The Study for Development of the Rural Electrification Master Plan in
Zambia: Final Report (No. ED/JR/08-004), Summary Report. Japan International Cooperation Agency (JICA).

World Development Indicators, 2019. Access to electricity, rural (% of rural population), World Bank, Washington D.C.
https://data.worldbank.org/indicator/EG.ELC.ACCS.RU.ZS [28/11/2019]; World Development Indicators, 2019. Access to
electricity, urban (% of urban population), World Bank, Washignton D.C. https://data.worldbank.org/indicator/EG.ELC.ACCS.
UR.ZS [28/11/2019].

U.S. Agency for International Development, 2019. Zambia. Power Africa. https://www.usaid.gov/powerafrica/zambia
[28/11/2019].

Dastgeer, A., Karhammar, R., Mwenechanya, J., Kanduli, B., Muleya, J., 2011. Mid-term Review and Evaluation of the Swedish
and Dutch Support to the Rural Electrification Programme in Zambia (Sida Review No. 6), Final Report. Swedish International
Development Cooperation Agency, Stockholm.

Beyond the Grid Fund for Zambia, 2019. Lighting up Zambia: The impacts of 1.5 years of Beyond the Grid Fund for Zambia.
Beyond the Grid Fund for Zambia, Lusaka.

Beyond the Grid Fund for Zambia, 2019b. Home. Beyond the Grid. https://www.bgfz.org/ [28/11/2019].

REEEP, 2018. REEEP - Power Africa: Beyond the Grid Fund for Africa. REEEP. https://www.reeep.org/bgfz [28/11/2019].
Rentto Own, n.d. Our Approach. Rent to Own Zambia. https://rtoafrica.com/our-approach/ [28/11/2019].; Rent to Own, 2018.
Pioneer in Productive-Use Asset Financing Rent to Own Seed Round (Press Release). Rent to Own, Lusaka.; Efficiency for
Access, 2019. Unlocking the Potential of Rural Entrepreneurs in Zambia with Solar Irrigation Pumps. Efficiency for Access.
https://efficiency foraccess.org/updates/unlocking-the-potential-of-rural-entrepreneurs-in-zambia-with-solar-irrigation-pumps
[28/11/2019].

Haanyika, C.M., 2008. Rural electrification in Zambia: A policy and institutional analysis. Energy Policy 36, 1044-1058.
https://doi.org/10.1016/j.enpol.2007.10.031

Ibid.









INTERNATIONAL

™, FOOD POLICY ;
zef KR mperial Colege RS AKCSS
) Development Research ‘ INSTITUTE London Facilitated by IFPRI
University of Bonn IFPRI l

The Malabo Montpellier Panel

Office at International Food Policy Research Institute,
Titre 3396, Lot #2, BP 24063 Dakar Almadies, Senegal
Phone: +221 33 869 98 00 | Fax: +221 33 869 9841

www.mamopanel.org

For further information, please contact Katrin Glatzel (IFPRI), Program Head of The Malabo Montpellier Panel on

mamopanel@cgiar.org.

Please follow the Panel on social media

’ Twitter: @MamoPanel n Facebook: MaMoPanel m LinkedIn: The Malabo Montpellier Panel

N L7
Z S




