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About the AU and NEPAD

The African Union (AU)

The African Union (AU) is a continental body consisting of all 55 countries on the African continent. It was established on 26
May 2001 in Addis Ababa, Ethiopia, and launched on 9th July 2002 in South Africa,”® with the aim of replacing the Organisation
of African Unity (OAU). The most important decisions of the AU are made by the Assembly of the African Union, a semi-annual
meeting of the Heads of State and Government of its member states. The AU’s secretariat, the African Union Commission, is based
in Addis Ababa, Ethiopia.

The AU was established following the 9th September 1999 Sirte Declaration of the Heads of State and Governments of the
Organisation of the African Unity (OAU). The AU is based on a common vision of a united and strong Africa and on the need to build
a partnership between governments and all segments of civil society, in particular, women, the youth and the private sector, in order
to strengthen solidarity and cohesion amongst the peoples of Africa. As a continental organization, it focuses on the promotion of
peace, security and stability. The development work of the AU is guided by the AU Agenda 2063, which is a 50-year plan to harness
Africa’s comparative advantage to deliver on the vision of “The Africa We Want".

African
Union &= AD

TRANSFORMING AFRICA

The New Partnership for Africa’s Development (NEPAD)

Created by the African Union, New Partnership for Africa’s Development (NEPAD) is a strategic framework for pan-African socio-
economic development. NEPAD is spearheaded by African leaders to address critical challenges facing the continent, including
poverty, development and Africa’s international marginalization. NEPAD provides unique opportunities for African countries to
take full control of their development agendas, to work more closely together and to cooperate more effectively with international
partners.

NEPAD is coordinated and facilitated by the NEPAD Planning and Coordinating Agency (NEPAD Agency) which was established in
February 2010 as an outcome of the integration of NEPAD into the AU's structures and processes. The NEPAD Agency manages
a number of programmes and projects in four investment portfolios, namely Natural Resources Governance, Youth and Skills
Development, Regional Integration, Infrastructure and Trade, and Industrialization, Science, Technology and Innovation.
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Executive Summary

The challenge of access to energy has been recognised at the level of the UN and the African Union through the Sustainable
Development Goals (SDGs) and the AU Agenda 2063 respectively. Goal 7 of the SDGs aims at achieving universal access to
affordable, reliable, sustainable and modern energy by 2030, while Agenda 2063 has targets for an increase of 50% increase in
electricity generation, 50% distribution and 70% of Africans having access to electricity by 2023. The growth of Africa’s economies,
which is underpinned by rapid urbanisation and industrialisation requires substantive amounts of energy to sustain and maintain
an upward trajectory. Unfortunately, Africa has an enormous energy deficit. In sub-Saharan Africa close to 70% of the population
does not have access to electricity and only 7 countries have electrification rates higher than 50%, the majority being under 20%. It
should be noted that North Africa is the exception as access to energy is well above 95% in most of the region. The total generation
capacity of sub-Saharan Africa is less than T00GW and close to 25% of this is unavailable due to aging equipment and distribution
losses.

An increasing population, projected to reach 2 billion by 2040, is also contributing to the demand for energy. Currently 70 to
80% of Africa’s population is rural and even in the face of urbanisation a significant percentage will remain rural in the next two
decades. Supporting the transformation of rural economies necessitates not only access to energy but also affordable access. Low
electrification rates prevail due to the challenges associated with providing energy in rural and remote areas. Meanwhile, affordable
access to energy for productive usage is a prerequisite for the transformation of rural communities and for industrialisation in both
urban and rural areas. Massive development of the electricity supply infrastructure beyond current levels is thus required to meet
the demands of Africa’s rapidly growing population and universal access targets.

While no single definition of micro-grids exist, micro-grids have as essential features the generation, distribution and supply of
energy to localised loads with limited generation capacities and geographic coverage. Micro-grids are not a new phenomenon in
that early development of the electricity supply system was in fact founded on unconnected generation and transmission systems.
Efficiencies and economies of scale resulted in their interconnection into the large complex grids that we know today.

The efficiencies and economies of scale of inter-connected grids notwithstanding, there are several imperatives not only in Africa
but globally as well, that are driving the move towards micro-grids. One is the emergence of independent power producers (IPPs)
as opposed to incumbent national grid owners. IPPs are privately owned entities that produce power which is either fed into
the main grid or supplied directly to consumers. A second reason for micro-grids is the move towards sustainable energy from
renewable sources such as micro-hydro, solar and wind for use in localised communities such as business parks, universities and
residential areas. In some cases so-called “grid-independence” is fuelling the development of micro-grids.

While the under-development of Africa’s grid infrastructure contributes to an energy deficit, it provides an opportunity for Africa
to re-engineer its electricity supply system, developing an architecture that integrates both on- and off-grid solutions. The cost
implications of developing the traditional power grid based on large scale central generation favour off-grid micro-grids as a cost
effective path to providing electricity access to rural and remote communities in the short term. Even where micro-grids may not
make economic sense, rural electrification strategies may opt to implement micro-grids on the basis of providing energy access to
stimulate productive usage and rural industrialisation.
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While acknowledging that under current rates of energy infrastructure investment and deployment, universal access targets will
not be met by 2030, off-grid solutions are expected to contribute to more than 50% of the electricity generation capacity required
for universal access. As such, the last few years since the adoption of the SDGs have seen significant efforts being placed on the
development and deployment of micro-grids and their associated technologies.

There is extensive literature on the deployment of micro-grids in Africa, showing that significant time and effort are being applied to
solving Africa’s energy challenges, particularly in rural or remote areas. An analysis of more than 40 initiatives suggests that wide-
scale deployment of micro-grid technology in Africa will require technical and financial support that is complemented by policy
advisory services, multi-sectorial stakeholder engagement and consumer education and awareness. Aspects that merit attention
include integration of micro-grids in regional strategies, sustainable operational models and engendering productive use. Overall,
the analysis affirms the role that micro-grids have to play in increasing access to energy in Africa, their potential to transform
communities, and the creation of opportunities for research and innovation.

Research and innovation opportunities can be found in all the various sub-components of micro-grids- generation (energy
sources), storage, distribution system, control system and the loads, as well as in associated technologies such as ICTs. Research
is required to understand the interaction between the different combinations of energy and storage options. This should go
together with research in new battery technologies and alternative storage options such as flywheels and capacitors. Research is
also needed on efficient means of connecting micro-grids with larger centralised grids and on rapidly configurable grids that can be
easily deployed in rural and remote areas. In addition to dedicated research facilities, living laboratories should be used to enable
research and innovation in real-life use-cases.

The combination of multiple energy and storage sources into a single micro-grid configuration to maximise the availability of
energy requires research to understand the interaction between these different options and combinations. Research could focus
on feeder automation, the use of advanced controls to manage outages and predictive and corrective measures of compensating
for transient system instability and general effects on the stability of energy supplied. Currently, fully-autonomous micro-grids are
easier to implement and the most common in Africa. However research should focus on efficient means of connecting micro-grid
with larger centralized grids so as to provide higher levels of reliability.

In current micro-grid deployments, energy storage can account for as much as 40% of the installation cost. Thus research in
battery storage technology should focus on achieving higher energy density (more power) for longer durations with decreasing
costs. In addition to new battery technologies, research is also required on alternatives to battery storage such as flywheels and
super-capacitors. While e-waste is an undesirable attribute of technology deployment, the repurposing and recycling of lead-acid
batteries is another area of research associated with micro-grid deployment. Through repurposing, batteries that have reached the
end of useful life for micro-grids can be reconditioned and used in other ways.

Borrowing from the use of autonomous driverless electric vehicles (EVs) for emergency and disaster applications, research can
be conducted into using the same principles to design rapidly configurable mobile micro-grids. These could be deployed in remote
areas where instead of setting up dedicated infrastructure, energy could be transported by these mobile grids from community
micro-grids to the points of need or usage.

Alongside research, prevailing conditions of geography, demographics and limited infrastructure provide a fertile environment for
innovative solutions and approaches through living laboratories which enable concurrent research and innovation by integrating
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investigation and experimentation in real life use cases. While dedicated research facilities are ideal, living laboratories can promote
rapid adaptation and prototyping, and this is particularly relevant for Africa where in most cases, technologies are imported and may
need to be adapted to the operating environment. Living laboratories can work to advance DC micro-grid technology (solar panels,
LED lights, DC appliances) which is of particular interest for Africa, since for most rural and remote areas off-grid implementation
will hinge on DC technology.

Elements of micro-grid deployment such as the geographical span of the area to be serviced, the type of end-user load the grid can
supply, the means of recording and metering the usage of energy, billing and payment systems, all have implications on the cost to
deploy and maintain micro-grids. Therefore, these require on-going research to develop sustainable business models. Micro-grid
deployment is an opportunity for Africa to develop a critical mass of scientists, engineers and technicians around the technology.
A major capacity building and investment effort will thus be required to develop the cadre of skilled staff within Africa to design,
deploy and maintain micro-grids at the required pace and scale to achieve transformative impact. Through these capacity and
skills development efforts, Africa could invest in its growing youth population, and an investment in such a demographic group
could pay dividends.

Regional energy strategies, complemented by national (rural) electrification strategies will set the tone for micro-grid development.
Associated policy, legal and regulatory environment determines the extent to which micro-grids can be deployed and how this
can be achieved using a mixture of public and private funds. Strategic choices have to be made as to whether micro-grids will
be wholly funded by government, the private sector, utilities, communities themselves or through different kinds of partnerships.
For rural areas, community ownership is an option if the community is empowered to manage the micro-grid sustainably. Policies
are needed to address the investment climate and public-private partnerships stimulate holistic and robust business models and
engender productive uses.

A well-developed legal and regulatory framework is essential and this is an area that is still not yet mature in Africa where
regulatory efforts struggle to keep pace with technological and other developments. Thus, it is important that independent
regulatory authorities are established, and take responsibility for defining licensing and registration regimes for independent power
producers, streamlining procedures, as well as developing and enforcing standards for critical components such as solar panels,
inverters, charge controllers and batteries.

Pro-poor approaches should also encourage productive use of micro-grids by the communities. This is effective when a multi-
sectorial approach to planning and implementation of rural electrification and micro-grid programmes is undertaken. Policies
should also ensure that requirements of women and youth are mainstreamed in the deployment of mini-grids. This empowers them
not only with access to energy, but also with opportunities to benefit from entrepreneurship and productive use of the supplied
electricity. Taking into account the strategy and policy choices and the existing experiences with micro-grid deployment, the report
ends with recommendations from the AU High Level Panel for the wider deployment of micro-grids.

Micro-grids are the cornerstone of the sustainable, resilient power systems of the future. Just as witnessed in the mobile phone
revolution, which completely democratised access to communication, it is expected that energy access might experience a similar
revolution that will allow easy and safe access to energy for all. Micro-grids present an economically feasible opportunity to
accelerate access to electricity for remote communities on the vast continent of Africa. Key areas to be considered include capacity-
building, enabling/supporting infrastructure, regulatory strengthening, research and development and stakeholder engagement.
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The Panel recommends that the AU, RECs, Member States and their partners should consider the following:

Micro-grid implementation should be adapted and contextualised for Africa, taking into account factors such as site
selection, the expected number of connections per site, the demand and willingness to pay and the expected return
per connection. The Panel further recommends that contextualisation should be based on the prevailing natural
resources to determine optimal selection of the underlying energy source (solar, wind, biomass or thermal).

«  Skills and capacities for addressing under-served communities and the “informal sector” to support micro-grid
implementation must be developed. This would mitigate against cases cited in some countries where micro-grid
installations have suffered from not being properly operated or maintained, leaving communities not able to derive
the intended benefits.

+  Harmonised regulatory frameworks for micro-grid development which would focus, among other things, on
investment laws and PPPs, sustainable tariff structures and cross-border interconnection must be put in place. The
Panel further recommends the development of smart regulation leveraging on emerging trends in the use of ICTs.

Micro-grid implementation should be based on multi-sectorial collaboration since interventions in agriculture, health,
education, water and sanitation, social welfare and other sectors all have potential implications for energy projects.

«  To stimulate bankability of micro-grid projects, a robust framework of incentives should be developed to stimulate
private investment. The Panel further recommends the decentralisation of regulatory and support processes to
local government level to enable mobilisation of domestic resources and faster, tailored responses to micro-grid
deployment in under-served communities.

+  Projects should aim to increase women’s participation in the energy sector through procurement allocation
policies and by promoting employment of women in technical aspects of operation and maintenance. Projects
should also encourage women to participate actively as business leaders and entrepreneurs, providing value-added
productive services including producing and distributing new energy technologies and services. The panel therefore,
recommends the promotion and strengthening of participation along entire micro-grid value chain by women and
the youth.

« Lastly, higher education and research institutions should be supported to start implementing programmes that
focus on renewable energy, micro-grids and associated generation, storage and distribution technologies. This
should go together with the strengthening of intellectual property regimes, as well as increased awareness of how
to license and use existing IP.

Significant innovation is being witnessed in the delivery of micro-grids in Africa. With the right incentives, legal and regulatory
environment, Africa has the capacity to develop the required technical solutions to provide cost-effective electricity in rural
communities, using micro-grid technologies. Up-scaling of the solutions will thrive in areas where the legal and regulatory
framework is well developed and rigorously enforced. This is an area that needs to be looked at in Africa where current legal and
regulatory efforts are not keeping pace with development. The availability of standards that allow for interoperability of systems
will also be critical to encourage careful scaling up as demand grows.
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Introduction

Despite the availability of reliable and affordable electrical energy being a critical factor in development, Africa remains the least
electrified continent with close to 70% of the population not having access to electricity ®". In addition to the deficit of access,
Africa also suffers from a general deficit of power even for those that have access to electricity. The average person in sub-Saharan
Africa (excluding South Africa) consumes around 190KWh of electricity, compared to 13000KWh in America . The power deficit
can be attributed to several factors, including the lack of reliable power supply and the high cost of electricity. Factoring in 2030
targets for universal access to energy and considering Africa’s rapidly growing population -- projected to double from the current
circa 1.2 hillion to 2.5 by 2050 -- calls for massive development of the electricity supply infrastructure P,

With a population that is predominantly rural, the health and socio-economic impacts of lack of access to clean energy become
more magnified in Africa. Access to education, health and other services in rural areas is affected by the lack of access to energy.
With a sustainable energy supply and an educated workforce, other challenges such as access to clean water, food, healthcare and
shelter have a better chance of being solved.

In addition to the improved welfare and well-being, access to energy is essential to realise Africa’s aspirations for industrialisation
and this should take into account both urban and rural opportunities for industrialisation ®17., In rural areas, access to energy can
stimulate and support productive use of energy for activities such as irrigation and agro-processing, to mention two examples.

Most electricity in Africa is supplied by state-owned enterprises that supply electricity through centrally managed national grids.
The Africa Progress Panel, in its 2017 report, acknowledges that scaling up national and regional grids through mega-projects such
as large dams and power pools, as envisaged by the Programme for Infrastructure Development in Africa (PIDA). This is essential
but highlights the concern that this approach is slow and expensive and therefore, not viable as an immediate solution for the 620
million Africans without access to electricity 'l The solution is thus to consider smaller, decentralised means of providing energy
through micro-grids. These could consist of localised electric power supply systems that combine a cluster of loads and different
kinds of distributed generation resources (DGR) to operate as a single, controllable system providing power to a local area.

The International Renewable Energy Agency (IRENA) classifies a “micro-grid” as an energy generation and supply system with
maximum capacity of 100 kilo-Watts having capabilities of managing local energy supply as shown in Table 1 ¢, “Mini-grids” are
similar but larger, more complex systems with the ability to sometimes provide power transmission and an interconnection to the
main grid.
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Table 1: IRENA Classification of Nano-/Micro-/ Mini- Grids’

Maximum
Capacity Capability Complexity
(KW)
Stand-alone systems 0.1
Pico-grid 1 Single controller
Both grid-tied and remote systems
Single voltage
Preference for DC systems
. Single price
Nano-grid 5 Typically serving single building or
Controllers negotiate with other across | single load
gateways to buy or sell power
Single administrator
Manage local energy supply and
demand
Provide variety of voltages .
Incorporate generation
Micro-grid 100 ; g ; N
Proylde variety of quality and reliability Vi i sasaTe
options
Optimise multiple-output energy
systems
Local generation satisfying local
Mini-grid 100 000 demand Interconnected customers
Transmission limited to 11 kV

Micro-grids can operate either in parallel to (on-grid) or “islanded” (off-grid) from the existing utility power grid I"®.. In order for the
current pace of electrification to meet universal access targets, off-grid solutions will need to supply 50 to 60% of the additional
generation needed. Therefore, for Africa over the next decade, the focus should be on autonomous or “off-grid” systems. These can
be deployed in the most remote areas that will remain unreached by grid extension for some years to come "3, The deployment
of off-grid systems should not take the focus away from grid expansion or centralised large-scale power generation. These are

1 It should be noted that in the literature, the term micro-grids is more common and can also be used to refer to mini-grids as per the IRENA definition
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still needed to meet the needs of urbanisation and industrialisation. Off-grid systems should be seen as complementary efforts
to address the particular aspect of rural electrification, providing access where grid-expansion is not feasible in the short-term.

Africa has massive potential for renewable energy through solar, hydro, wind and geo-thermal sources. Yet currently renewable
energy represents only 17% of power generation in Africa, largely from hydro resources ¥%.. In deploying micro-grids, Africa stands
to benefit from its abundant renewable energy sources as opposed to relying on non-renewable sources like fossil fuels or nuclear
energy. As such, investments must be made in renewable off-grid and mini-grid solutions which are cheaper and quicker to deploy.
The AU Agenda 2063 has a goal of reaching the target of providing access to 315 million people by 2040. However, with only 30%
of these currently connected to national grids, there is need for innovation not only in technology but also in approach and in the
uptake of the technology.

This report presents different aspects of micro-grids as an emerging technology in Africa. This will range from technical to non-
technical aspects, including social and ethical as well as public policy considerations. Drawing on examples of trials with micro-
grids in Africa and other regions, the AU High Level Panel makes recommendations to accelerate deployment of micro-grids.

...............................................................................................................................................................

«  Massive development of the electricity supply infrastructure beyond current levels is required to meet the demands
of Africa’s rapidly growing population and universal access targets

«  Affordable access to energy for productive usage is a prerequisite for the transformation of rural communities and
for industrialisation in both urban and rural areas

+  Grid-expansion is slow and expensive and may not meet universal access targets in the short-term, hence the need
for micro-grids as a complementary and parallel approach

...............................................................................................................................................................
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Relevance of Problem to Africa’s Development

2.1

The case for micro-grids as an essential part of Africa’s development can also be justified in the context of the aspirations and
goals of the African Union’'s Agenda 2063, as well as the UN Sustainable Development Goals (SDGs). While linkages can be made
indirectly to most of the goals, direct links to Agenda 2063 and the SDGs are depicted in Table 2 below [,

Development Goals

Table 2: Micro-Grids in relation to AU Agenda 2063 and the SDGs

Agenda 2063 Goal SDG Micro-grid relevance

Goal 1 - End poverty in all its forms
everywhere in the World

Enhance socio-economic well-being

Goal 1 - A high standard of living,
quality of life and well-being for
all citizens.

Goal 8 - Promote sustained, inclusive and
sustainable economic growth, full and
productive employment and decent work
for all.

Goal 11 - Make cities and human
settlements inclusive, safe, resilient and
sustainable

through improved quality of life,
access to public services, job creation/
entrepreneurship opportunities and
industrialization enabled by access to
energy.

Goal 7 - Environmentally
sustainable and climate resilient
economies and Communities.

Goal 7 - Ensure access to affordable,
reliable, sustainable and modern energy
for all.

Goal 13 - Take urgent action to combat
climate change and its impacts.

Reduce dependency on fossil fuels.

Goal 10 - World class
infrastructure criss-crosses
Africa.

Goal 9 - Build resilient infrastructure,
promote inclusive and sustainable
Industrialization and foster innovation.

Promote access to affordable energy
based on emerging technologies which
are adapted to Africa’s needs.

It is thus evident that the provision of sustainable and resilient energy is an integral part of attaining Africa’s development goals
as, without energy, the attainment of Agenda 2063 and the SDGs will be compromised. The United Nations General Assembly
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unanimously declared the decade 2014 - 2024 as the decade of sustainable energy for all, spawning a number of initiatives
including the Sustainable Energy for All (SE4All) and the Africa Renewable Energy Initiative. Thus in addition to simply pursuing
off-grid generation, Africa must also consider off-grid generation that is clean and green, that is, based mostly on renewable and
green energy sources.

2.2  Generation and Access

The installed generation capacity in sub-Saharan Africa’s power grid is 90GW (with half of it in South Africa), resulting in about
0.1KW per capita compared to other economies where installed capacity ranges from 1 to 3 KW per capita . Universal access
to electricity in Africa is hampered by the cost to expand the national grid. Even where the grid exists, high costs are charged
to customers. In 2012, the average cost of generating electricity in sub-Saharan Africa was around US$ 115 per megawatt-hour
(MWRh), which can increase to more than US$200 per megawatt-hour due to transmission and distribution (T&D) losses, poor
maintenance and inefficient system design and operation. This is on the order of 3 to 4 times more than rates in other regions 15,

Agenda 2063 which summarises Africa’s development aspirations over a 50-year period aims for an increase by 50% of access to
electricity, 50% increase in electricity generation and distribution, 70% of Africans having access to electricity by 2023 and 30%
improvements in energy efficiency ['¥). To achieve the generation targets, sub-Saharan Africa would have to add about 45GW of
generation capacity?. PIDA's hydro projects (including the flagship Inga lll) have the potential to add 20GW? which is just below
half of the target. Further generation does not necessarily mean that the electricity will be available to the wider population as
this would still require expansion of the grid distribution networks and there would be pressure to balance the energy needs of
industrialisation with service delivery needs.

ACHIEVING UNIVERSAL ACCESS

We consider two simple targets - the AU 2063 target of 70% access by 2023 and the SDG target of universal access by
2030.

According to population projections, Africa’s population will be 1.45 billion and 1.70 billion in 2023 and 2030, respectively.
As of 2014, 645 million Africans had no access to electricity and using that as a baseline, meeting the two targets would
require providing access to at least 100 million people per year for the 2023 target and 70 million per year for the 2030
target. According to [8], in 2016 only 9 million people gained access to electricity, clearly signalling that at this rate none
of the targets can be met. In fact, predictions are that the 70% target will only be reached in 2040, while universal access
would only be attained in 2080.

In terms of generation capacity, universal access and industrialisation would require at least 160GW of new generation
capacity of which 60% (96GW) is projected to be off-grid [IRENA]. What is interesting to note from this is that off-grid
solutions are seen as heing a major contributor to the attainment of universal access.

2 According to [8], 160GW is needed to achieve universal access

3 The Grand Inga Dam would add about 40GW but this is not expected to materialise before 2025
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Micro-grids are well-positioned to fast-track the provision of access to energy by-passing the massive investments required to
extend existing centralized national grids. It is important to optimize the use of capital since the payback period for micro-grid is
of the order of 5-10 years as compared to 20-50 years for investments in centralized grids.

MINI-GRID VERSUS GRID EXPANSION

Africa’s low electrification rates can be attributed to the lack of adequate infrastructure and where the infrastructure
exists, the high cost of access. Expanding the national grid to reach the unconnected is the most logical option. However,
when dealing with rural communities that are far from the grid, sparsely populated and in remote areas, grid expansion
becomes uneconomical.

The cost of grid expansion ranges from $19,000 to $22,000 per kilometre for transmission and $9,000 per km for
distribution [44][94]. On average, rural populations are not less than 20km away from the nearest substation, making
the cost of grid expansion significant. Recovering these costs from rural communities through connection fees is
economically feasible where 5 to 10 connections per kilometre of expansion are anticipated. In those countries where
the grid has been extended to rural areas, affordability remains an issue, as only 10 to 20% of possible connections are
realised [45].

0ff-grid micro-grids with utilization of renewable energy resources, allow for flexibility in infrastructural design and scale
and are less capital-intensive than grid expansion. Trends in declining costs of energy storage and in renewable energy
technologies are helping to make these micro-grids even more cost-effective. According to [51] , grid expansion is a
viable option for about 30% of Africa’s rural communities while mini-grids are expected to be the route to electrification
for 45%.

Another motivation for micro-grids is to reduce the dependence on fossil fuels, thereby reducing carbon emissions and limiting
the effects and risks of climate change. Micro-grids can also be seen as an important aspect of climate change adaptation
and mitigation. Many households in Africa rely on kerosene for lighting and can spend 20-25% of their income on kerosene.
Paradoxically, the cost of using kerosene for lighting, when measured in $/lumen, can be 150 to 600 times higher than using
incandescent bulbs or compact fluorescent lights. Not providing access to electricity thus imposes a heavy burden on the poorest
of the poor.

2.3  Transforming Communities through Productive Uses of Energy

Micro-grids are well-positioned to fast-track the provision of access to energy, by-passing the massive investments required to
extend existing centralized national grids and optimizing use of capital since the payback period for micro-grid is of the order of
5-10 years compared to 20-50 years for investments in centralized grids. The main aim of productive usage is that it enables the
communities to derive economic benefit from the use of the energy. In urban settings, such usage may be much easier to define
and articulate, whereas for rural communities, there may be a need to “encourage” the development of productive use.
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From the perspective of policy makers, productive use would need to be stimulated by enabling rural entrepreneurs to set up or
operate businesses that benefit from the energy supplied by the micro-grid. With the right tariff structures, these entrepreneurs
would then be able to run profitable businesses while ensuring that the micro-grid is sustainable and, in the case of privately run
micro-grids, profitable. Most of the literature on deployment of micro-grids in Africa points to the need to ensure that productive
use is built-in so that the grid deployment can be economically viable and sustainable.

Engendering productive use requires a multi-sectoral approach (in the spheres of education, health, agri-business, commerce
& trade, and so forth) and enabling conditions for productive use should be initiated prior to the deployment of the micro-grid.
This would include an analysis of the community to determine the potential for productive use, stakeholder sensitization on the
opportunities, capacity building, training and technical and financial assistance to set up businesses or initiatives. A carefully
structured deployment that factors in productive use has the potential to not only improve well-being, but also transform local
livelihoods through income generation and job creation 614,

*  Under current rates of energy infrastructure investment and deployment, universal access targets will not be met by
2030

* Inorder to reach universal access, investments should increase by about 5 times the current levels

*  While grid expansion is the best option for providing access, it may be too costly and slow for rural and remote areas
in Africa

«  Off-grid solutions are expected to contribute to more than 50% of generation capacity required for universal access

*  Deployment of mini-grids in rural communities should be anchored on productive uses to enable sustainability and
to have transformative impact
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Micro-Grids - Technology Options and Opportunities

The concept of micro-grid is not new. It can indeed be argued that the beginning of the modern micro-grid has its roots in Thomas
Edison’s first power plant constructed in 1882 - the Manhattan Pearl Street Station ['®. The trend in the past was towards increasing
generator sizes justified by economies of scale arguments. The perceived wisdom then was to promote large scale utilities. Times
are changing and the era of the traditional utility, as large public or privately owned vertically integrated or even unbundled entities
is rapidly passing. The return to micro-grids as a means of solving current challenges regarding the provision of, and access to
energy is driven by the need for pragmatic, scalable approaches, especially for rural and remote areas.

The key technologies underpinning micro-grids in this context relate to the production, distribution and storage of energy especially
in the context of renewable energy. Generally, these technologies are mature and can be readily implemented. The key challenge for
Africa is adapting the technologies to make them affordable and resilient to the harsh environmental conditions prevailing in rural
and remote areas. Of major concern would be the aspect of energy storage to allow for usage of energy at times when micro-grid
systems cannot produce energy directly.

OXOX 12 OXOXOXOXOXOXOXOXOIOIOXOXOIOIOIOIOXOXOIOIOIOXOXOXOIOIOXOXOXOXOXOIOIOXOXOXOX0]



= MICRO-GRIDS EMPOWERING COMMUNITIES AND ENABLING TRANSFORMATION IN AFRICA

VaN NN NN NN N N NN N N NN N N N N N N NN N N N N N N N N N N N NN NN N NN

In addition to micro-grids being described based on their generation capacity as per the IRENA classification in Section 2, micro-
grids can also be described based on their geographical reach, the implementation model and their connection to the national
grid RAkaoIIz2 - off-grid micro-grids therefore, refer to those that are not connected to the national grid. On-grid micro-grids on
the other hand, are those that can be connected to the national grid, either drawing power from or supplying power to the national
grid. Off-grid micro-grids may also be referred to as remote or islanded micro-grids. Campus micro-grids are a special instance of
micro-grids that may or may not be connected to the main grid and which provide electricity to a closed entity such as a university,
a corporate institution or a military base. A community micro-grid is an extension of a campus grid in that it serves multiple
customers within a community. A further differentiation can be made based on the fuel source, hence the description of clean
energy micro-grids and green micro-grids .

3.1  Micro-grid Components

Micro-grid components comprise (1) power generation technology, (2) storage, (3) distribution, (4) micro-grid control and (5) load
demand (customers) as shown in Figure 1 below.

Figure 1: Micro-grid Components
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The sections that follow examine each of these components in detail, highlighting implementation options as well as opportunities
for leap-frogging.
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3.2 Fuel Sources and Generation

Generation produces electricity from either fossil fuels (e.g. diesel), the sun (solar or photovoltaic), wind, water (hydro) or biomass.
In addition to the specific generator, the generator system may include power conditioners (rectifiers, inverters etc.) and energy
management devices.

Power supply can come from a variety of sources, all dependent on the economic and environmental context of the exact siting of
the system. Renewable resources have been documented throughout Africa, and in some cases they will be the preferable resource
for micro-grids 4. Use of renewables such as solar photovoltaics, micro-hydro schemes, and to a lesser extent, wind, has been
trialled in many countries with varying degrees of success . In some cases, generator sets using diesel can also be the basis
of micro-grids, either alone (for example in Mali isolated micro-grids have been a relative success) or used in conjunction with a
renewable resource "7,

In remote areas, diesel generation is common yet it is more expensive. Utility-scale generation based on renewables has put the
cost of the order of $0.05 to 0.25 per KWh level, while diesel would come in at more than $0.35 per KWh 159, Diesel generators have
high maintenance costs and energy supply is vulnerable to availability of fuel, which can be further affected by poor transportation
systems in remote areas. Hybrid systems, which involve two or more generation sources, are considered when resource availability
or fuel supply dictates a need for complementarity of supply or additional reliability 122.

Renewable resources have a notable drawback of an intermittent supply and they cannot be easily ‘turned-on'’ like diesel generators.
This creates an obvious problem when users demand power when the resource is not available for example, when there is no sun
or wind. During such times, batteries may not recharge sufficiently, leading to power outages. In designing and sizing renewables-
based micro-grids, the desired level of reliability should thus be taken into account and adequate measures put in place so that
energy is available during times of low availability of renewable resources.

3.2.1 Fuel Sources Research areas and Opportunities to Leapfrog

Africa is on the verge of embarking on its own development trajectory which will inevitably require significant investment in energy
sources. Continuous research on these energy sources is pivotal to the sustainability of the micro-grid technology in Africa. Some
of the imported energy conversion facilities (e.g. photocells) may need to be adapted to the African environment to enhance
performance. Stability challenge is another significant area that calls for continual study. Transient behaviours of these non-
conventional energy sources must be studied in relation to the possibility of new dynamic properties cropping up when a number of
these energies are combined into various hybrid configurations based on geographical availabilities. This will enable predictive and
corrective measures of compensating for probable transient instability to be developed and applied for utility providers to maintain
the evolving systems in highly reliable conditions. To achieve this, there must be micro-grid development and demonstration
to prove the effectiveness of the technology in integrating multiple renewable energy resources, choice and benefits of energy
storage systems. There is a possibility of feeder automation and management of outage systems with advanced controls and
communication systems for the overall purpose of improving power supply stability.

3.3  Storage

Micro-grids currently depend on two main options for energy storage: deep cycle batteries and fossil fuel storage (i.e. diesel).
Diesel-based storage is usually not preferred as not all countries have a domestic supply and generally this option has high
operating costs when compared to renewables. In situations where reliability of supply is not an issue or where the energy demand
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aligns with the availability of the renewable resource, storage options may be bypassed and energy consumed as it is produced.
For micro-grids deployed in remote areas which depend on solar, wind or biomass and where the generation cycles may not always
align with demand, storage of excess energy is essential to regulate the availability of power. Typical storage mechanisms involve
battery banks which are charged as excess energy is produced Hslis7iiseliee]

The two main types of batteries available are lead acid [with sub-types Absorbed Glass Mat (AGM), NiCD, Flooded, gel] and Lithium-
ion batteries. Lead-acid batteries are a mature technology but have the drawbacks of being physically heavy, have a long recharging
cycle (~8 hours), fewer lifetime recharges, and have periodic maintenance requirements. Lithium ion (Li-ion) batteries which have
a higher energy density, are more resilient and have a longer life cycle, and are emerging as a preferred alternative to the more
common lead acid batteries 16°62,

Considering that storage can contribute up to 40% of micro-grid project costs, battery technology focuses on achieving higher
energy density (more power) for longer durations while decreasing costs. A target currently being pursued is to bring costs from
current average levels of $350 per KWh to below $100 per KWh 29IB7_(In a typical micro-grid rated at 100KWh, the cost of batteries
alone would be of the order of $35,000). Battery storage is expected to be the game-changer for the energy sector in much the same
way that cell phones changed the telecommunications sector 9. A different type of battery technology are Redox flow batteries
which store their energy in the electrolyte (fluid) and enable energy and power capabilities that can be scaled independently. It is to
be expected that hybrid solutions which combine lithium-ion and flow technology will provide an optimal solution, balancing power
with longer duration storage requirements 1281,

Lastly, new lithium-air battery technology can in theory achieve the highest energy density among current battery systems, and
these are expected to become commercially available in a few decades. Investing in research into these and other battery
technologies should be considered as an option for Africa. In South Africa, Eskom has recently established a research facility for
energy storage .

3.3.1 Storage Research Areas and Opportunities to Leapfrog

While most lithium-based batteries have unstable chemistries and raise safety concerns since they are susceptible to combustion,
lithium-ion phosphate batteries have a reduced risk for fire. This, coupled with a much better life cycle, makes them a better
emerging option for micro-grid applications. There is room for further research in their application for micro-grids as well as the
emergent lithium-air technology, which is still in early stages of development. Micro-grid deployment should also be accompanied
by research in repurposing and recycling of batteries. Africa can leapfrog through investment in large-scale recycling, learning from
the US where 97% of lead-acid batteries are recycled.

Another emerging option for research is the use of flywheels which store rotational energy and can therefore replace or help to
prolong the life of batteries in micro-grids. Using flywheels with batteries can lower the total cost of ownership by up to 30%,
compared to a battery-only system .. It should be noted, however, that a single flywheel could weigh as much as 2 tons, having
serious implications for transportation to rural and remote areas.

3.4  Distribution

Distribution transfers energy from the point of production to the point of use or consumption. In designing a distribution network or
system, the type of system (AC, DC, single phase, three-phase) will be impacted by the geographical span of the area to be serviced
and has implications for the cost of the network, as well as the type of end-user load the network can supply. The distribution
network also has implications for how usage can be recorded and metered to enable billing of consumers.

OXOXOXOXOXOXOXOXOXOZOZOXOXOXOXOXOXOXOXOXOXOZOIOIOIOTOIOIOIOLOLOLOIOI0N0N0X0. 15 %O



- MICRO-GRIDS EMPOWERING COMMUNITIES AND ENABLING TRANSFORMATION IN AFRICA
AN NN AN AN AN AN NN AN AN AN AN N NN AN AN AN N NN AN AN AN N NN AN AN AN NN NN NN NN SN ANIAN

Micro-grids can operate with alternating current (AC) or direct current (DC) or a combination of both, which can be referred to
as a hybrid AC/DC system. Most applications of DC micro-grids are limited to efficient LED lighting, mobile phone charging and
other appliances with lower power draws. Generally, larger micro-grids supplying higher energy requirements have more developed
distribution systems and tend to be AC based. The benefits of an AC system are widespread availability of appliances and power
components. Converters (inverters or rectifiers) are used in order to change the voltage from DC to AC and vice versa, depending
on the end-user appliances.

3.4.1 Distribution Research Areas and Opportunities to Leapfrog

Advancing DC micro-grid technology (example solar panels, LED lights, DC appliances) is of particular interest for Africa since for
most rural and remote areas, off-grid implementation will hinge on DC technology. Block-chain micro-grids are another emerging
area which focuses on enabling consumers to buy and sell electricity using cyber-currency . For emergency and disaster
applications, the ability to rapidly configure and deploy micro-grids through autonomous driverless electric vehicles (EVs) is being
proposed " This could prove to be a solution for remote areas where, instead of setting up dedicated infrastructure in areas that
are not commercially viable, energy could be transported by these EVs from community micro-grids to the point of need or usage.

3.5 Grid Connection & Micro-Grid Control

Micro-grids can either be connected to the main grid or stand-alone (fully autonomous) with varying implications. Where the
main power grid is nearby, a switchable connection can be incorporated to manage the power flows between micro- and main-
grids. Isolated micro-grids operate fully autonomously from the main grid. In this arrangement, there is no option to receive or
provide power to the main grid in the event of a shortage or oversupply. As a result, the availability or reliability of the system
will be dependent entirely on the capabilities of the micro-grid. In some cases, even without 100% reliability, an acceptable basic
electricity service can be provided economically.

Where possible, coupling a micro-grid with a larger centralized grid through a grid-tie inverter can provide high levels of reliability
as the central grid can be used when supply from the micro-grid is inadequate. In most African countries the national grids do
not extend to rural areas. In the absence of regulations for feed-in tariffs or net-metering which is also the case in most African
countries currently, fully-autonomous micro-grids are easier to implement and most common. Micro-grid controllers are used
in both off-grid and on-grid installations. The controllers are used to ensure that generating equipment functions at predefined
operating points and within set limits. Such connection and disconnection of components is seamless and that the micro-grid can
recover from failure . With on-grid systems, the controller also facilitates switching to or from the grid based on consumption and
energy storage levels.

3.6 Load Management Subsystem

Equipment at the end-user or consumer side includes all the appliances and electrical loads, metres, wiring and other associated
equipment. Smart metres which rely on Information and Communication Technologies (ICTs) enable micro-grids to operate more
efficiently through optimization of design, automated tariff collection (payment through mobile phones and other electronic
means) and demand side management and control ¢!,

3.6.1 Load Management Research Areas and Opportunities to Leapfrog

Research into integration of ICTs and mobile telephone into micro-grid deployment is a fertile area for further research, including
how to transfer lessons learned from the mobile industry to micro-grids B2lies],
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3.1  Deploying Micro-Grids
As seen from the preceding sections, the spectrum of technological options for micro-grids is relatively wide as the scale of a

micro-grid can range from a collection of a few connected households completely isolated from the centralised grid, to a medium-
scale scheme micro-grid that connects thousands of customers and is capable of interconnecting with the main grid.

3.7.1 Use - Cases and the Choice of Grid Deployment

The Multi-Tier Framework for energy access, captures the spectrum of energy for productive usage along several parameters,
including the quantity of energy available over the course of a day »*. The energy available can also be mapped to typical
applications. Figure 2 below is an adaptation of the Framework showing the tiers and indicative applications as suggested by the
SE4All Global Tracking Framework® 20,

Figure 2: Mapping of household electricity needs, indicative uses and grid deployment
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While it may not bring out all the nuances, the diagram is a useful reference in determining what kind of energy supply would work
best for a particular category of users. Indicative grid types are suggested using the IRENA classification. From the diagram, it is
seen that for low energy uses, stand-alone systems on a per-household basis may make economic sense and that as the intensity
of usage increases, interconnection through nano, micro or mini-grids may be justified. It should be noted that Tier 5 represents

4 The SE4All Global tracking Framework is the pre-cursor to the Multi-Tier Framework which was developed in conjunction with SE4All partners by the
World Bank through its Energy Sector Management Assistance Programme (ESMAP)
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the ideal situation and the goal of any electrification strategy should be to not only provide basic Tier 1 access but also to move
users gradually across the continuum until they attain Tier 5 access. As such, planners must consider how micro-grids are scaled
up over time as demand for more electricity grows along with the need for more reliable power.

3.7.2 The Space for Micro-Grids

The preceding sub-section showed micro-grids as a potential solution when user requirements started to increase from Tier 3
onwards. Figure 3 illustrates how parameters related to the geography, density and size of communities also influence the choice
of energy access solutions 1.

Figure 3: Micro-/Mini-grids Space Compared to Alternatives
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Specifically, the diagram illustrates how the cost of access for stand-alone (Solar Home systems and Pico PV), mini-grid and
national grid extension varies with these parameters. The cost of stand-alone systems increases only moderately and is, for
all intents and purposes, in variant to the parameters. National grid extension is justified for communities that are large, dense
and close to the grid. The cost of grid extension increases exponentially. As communities become smaller, less dense and more
dispersed or displaced from the grid and the cost of grid extension becomes significantly higher than either stand-alone or mini-
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grids. In large, dense communities that are close to the national grid, mini-grids may be more expensive than grid-extension but
are more economical than stand-alone systems. As communities decrease in size and become less dense, micro-grids start to
make economic sense relative to grid extension. As communities become smaller and more dispersed, stand-alone systems are
a better option. As such, micro-grids find their space when grid extension is not economically viable, where the population density
and community size leverages economies of scale over stand-alone approaches. This is illustrated by the area that is shaded red
in Figure 3. Grid Deployment Research areas provide opportunities to leapfrog.

Africa is a vast continent and any attempt to build super grids to serve all communities, as currently exist in developed countries,
will in most cases be economically unfeasible and politically challenging. Moreover, the trend in developed countries is towards
development of smart grids and micro-grids based increasingly on development of distributed renewable energy resources because
of the advantages of such systems. These advantages include resilience, flexibility, as well as less vulnerability to widespread
failure especially in a world of uncertainty where large centrally controlled power systems are vulnerable to cyber-attack. This
poses a major risk not only to national economies but also political stability. Research targeting aspects such as sustainable
energy mixes, centralised versus distributed approaches and the integration of ICTs for smart grids are opportunities for Africa to
lead by example in micro-grid deployment ['°15,

»  African countries should establish centres for micro-grid development and demonstration to prove the effectiveness
of the technology in aspects such as integrating multiple renewable energy resources, choice and benefits of energy
storage systems

» Storage is a significant cost of micro-grid deployment thus Africa should invest in battery technology research
focusing on achieving higher energy density (more power) for longer durations while decreasing costs

* Leverage ICT and mobile boom by Investing in research on integration of ICTs and mobile telephony in micro-grid
deployment

*  Currently fully-autonomous micro-grids are easier to implement and most common in Africa however efforts should
be made to couple these micro-grids with larger centralized grids so as to provide high levels of reliability

*  Even where micro-grids may not make economic sense, rural electrification strategies may opt to implement micro-
grids on the basis of providing energy access to stimulate productive usage and rural industrialisation.

...............................................................................................................................................................
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Micro-Grid Implementation in Africa

Over the last 5 years there have been concerted efforts to promote micro-grids in Africa, driven partly by political imperatives
as well as development objectives ©®. The penetration of micro-grids is affected by the strategy adopted for rural electrification.
Some countries elect to maintain a centralized grid which is then extended to service new customers; other countries incorporate
mini-grids as part of the strategy of increasing coverage while others favour a totally decentralized approach to rural electrification.

T —
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4.1 Implementation at National Level

There are several countries that are emerging as front-runners in the deployment of micro-grids and in the enactment of policy and
institutional reforms to support micro-grids.

From the various initiatives and implementations key findings emerged in relation to regional participation, partners and
stakeholders involved, type of assistance, operational models for micro-grids and the sector or sub-sector focus as follows:

Regional participation - There is a noticeable lack of implementation in Central Africa both among the individual countries and at
the level of the regional economic community, for example ECCAS.

Operational models and productive use - Choices have to be made as to whether micro-grids will be wholly funded by government,
by the private sector, by utilities, by communities themselves or through different kinds of partnerships. For rural areas, community
ownership is an option if the community is empowered to manage the micro-grid sustainably. Some projects succeeded in
mobilising funding either from the community or through crowd-funding.

Stakeholders and Partners - Most initiatives are started by development partners and have the support of government with
funding from Overseas Development Assistance (ODA), public resources and private investment. The level of engagement with
civil society organisations is lower, even in those cases where micro-grids are implemented as community-driven projects.

Sector focus and productive use - Micro-grid programmes also address productive uses of technology in sectors such as
telecommunications, agriculture, water, tourism, education and health. Giving communities options for productive use of the
energy helps so that they can afford to pay while at the same time having surplus for their socio-economic well-being.

Type of Assistance - Most programmes focus on technical assistance for feasibility studies, business plan development as well
as technical, social and environmental assessments. In a few cases, support is provided for financial modelling, market and risk
assessment and capacity development. Technical and financial support is complemented by policy advisory services, consumer
education and awareness and stakeholder dialogues.

4.2 Implementation at Regional Level

The regional integration dimension of mini-grid implementation would consider areas for harmonisation (policy, regulatory,
technical), as well as inter-connection of mini-grids across boundaries. In the current AU framework, this would entail working
with, and through Regional Economic Communities. It should be noted that some of the RECs - EAC, ECOWAS, SADC - already
have initiatives that are geared towards renewable energy implementation, as well as the harmonisation of legal and regulatory
environments across member states. All the regions also have power pools based on the existing national grids, and it is
conceivable that similar approaches to pooling power could be envisaged for micro and mini-grids. The linking of micro-grids is
especially important for border towns where the current trend is towards One-Stop Border Posts. Such linkages would also make
self-sustaining micro-grids possible with demand anchored in the border towns and their need for energy which would then accrue
to outlying areas. The interconnection of micro-grids would enhance the security of energy supply and also help to lower the cost
of access to energy.

The Africa-EU Energy partnership works to increase investment in energy infrastructure and has done considerable work to facilitate
micro-grid deployment. This includes the mapping of energy projects, in Africa, the development of best practice guidelines and a
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micro-grid policy toolkit. The Africa-EU Renewable Energy Cooperation Programme (RECP) supports the development of markets
for renewable energy in Africa through four areas that focus on enabling and triggering investments in renewable energy projects .,
The four areas are policy advisory, private sector cooperation, access to finance and innovation and skills development. The Africa
Renewable Energy Initiative (AREI) was launched in 2015 with the goal of providing universal access to energy based on renewable
sources by 2030.

The Africa Renewable Energy Access programme (AFREA) is supported by the World Bank through its Energy Sector Management
Assistance Programme (ESMAP). Through its Lighting Africa initiative, AFREA aims to provide 250 million people with access to
off-grid energy by 2030. AFREA has also established the Africa Electrification Initiative, a platform that connects policy makers,
regulators, researchers and NGOs for information-sharing on implementation of electrification initiatives. The EletriFi programme,
funded by the European Commission and USAID's Power Africa, supports renewable energy projects, especially those working
on decentralised (off-grid) solutions, by bridging the gaps in structuring and financing, stimulating private sector participation
and mobilising financiers. In its last round of application for financing, out of about 280 applications, almost 70% were from 10
countries: Nigeria, Tanzania, Zambia, Kenya, South Africa, Madagascar, Rwanda, Uganda, Senegal and Ghana, and more than 30%
were for mini-grid or stand-alone electrification projects ©°].

The African Development Bank (AfDB), through its New Deal on Energy for Africa, is working with partners to achieve universal
access to energy in Africa by 2025 through a Transformative Partnership on Energy for Africa which focuses on innovative financing
through public-private partnerships . The New Deal focuses on four targets: increasing on-grid generation by 160GW, increasing
on-grid distribution and grid connections to create 130 million new connections, increasing off-grid generation to add 75million
connections, and increasing access to clean cooking energy for 130 million households.

The SE4All is a global initiative which focuses on three objectives: ensuring universal access to energy, doubling the rate of
improvement in energy efficiency, and doubling the share of renewable energy sources in the energy mix. In March 2017, the Africa
Union Commission’s Specialized Technical Committee (STC) on Transport, Transcontinental and Interregional Infrastructures,
Energy and Tourism Africa endorsed the Green Mini-Grids (GMG) Strategy for Africa developed by SE4AIl. The strategy aims to
create an enabling environment for development, finance and sustainable implementation of GMGs .

In sub-Saharan Africa, ECOWAS has served as a model for other RECs to emulate in the support of renewable energy initiatives
and programmes. The ECOWAS Centre for Renewable Energy Efficiency (ECREEE) was endorsed by member states in 2008, and a
formal secretariat established in 2010. In 2013, ECOWAS adopted its Renewable Energy Policy with targets to implement 60,000
mini-grids providing 3.6GW of energy to 71 million people by 2020. The policy also focuses on harmonisation of policies, laws and
regulations across its member states. With support from the EU, ECOWAS has in 2017 developed a toolkit to support ministries,
regulators and utilities in the design of RE tariffs. ECREEE is currently working on a project to develop a regional energy market
investment strategy that will focus on promoting business opportunities for women in the energy sector. ECREEE established and
manages the ECOWAS Observatory Renewable Energy and Energy Efficiency - an online platform that provides project and country
specific information on renewable energy projects in the region €.

Ministers responsible for Energy in EAC took a decision to establish a Centre for Renewable Energy and Energy Efficiency in 2012
and the EACREEE was officially inaugurated in 2016. The Centre has since published its first report on the status of RE in East
Africa and will work towards a harmonised RE policy framework for the region. The EAC Regional Strategy on Scaling-Up Access
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to Modern Energy Services aims to increase access to energy services through high impact, low cost scalable approaches in its
member states. The EAC is also working on technical capacity building for small hydropower projects.

SADC member states adopted the SADC Protocol on Energy in 1996 to promote harmonised approached to the development of
national energy policies and resources. As part of its Regional Infrastructure Development Masterplan, which was developed in
2012, SADC has an Energy Sector Plan focusing on both the hard and soft aspects of energy infrastructure development. The plan
aims for an energy mix having 33% renewable energy by 2020 with only 5% of this being off-grid (targets for 2030 are 39% and 7%,
respectively). In 2015 ministers responsible for energy endorsed the establishment of the SADC CREEEE, pledging to add 17GW of
energy from renewable sources to SADC’s energy mix by 2019. Going by the energy sector plan, the expectation is that less than
1GW of this would come from off-grid generation. The SACREEE secretariat was formally opened in Namibia in 2016.

The COMESA-EAC-SADC Tripartite brings together nearly 600 million people and close to half of Africa’s countries with the
objective of strengthening and deepening their economic integration. The Tripartite strategy rests on 3 pillars: market integration,
infrastructure development and industrial development and activities focus on the harmonisation of policies and programmes
across the three Regional Economic Communities (RECs).

Each of the 8 RECs in Africa is associated with a regional power pool - there is a power pool for each of the 5 geographic regions
of the African Union. SADC was the first region to establish a power pool in 1995 with the objective of facilitating cross-border
trade in electricity and ensuring reliable and affordable electricity supply across the region. The East African Power Pool (EAPP)
was established in 2005 and subsequently became a specialised institution of COMESA. Each REC also has an associated regional
umbrella body for energy regulators which interfaces with and supports the work of the RECs.

*  Regions that are lagging behind should learn and benefit from the experience of those that are leading in micro-grid
implementation.

+  Strategic choices should be made on the operational models of micro-grids, taking into account the need to transform
rural communities.

*  Productive use should be structured on a multi-sectorial approach.

*  Programmes to stimulate micro-grid deployment should provide a range of policy, technical and financial services,
notably technical assistance for feasibility studies, business plan development and technical, social and environmental
assessments, policy advisory, consumer awareness.

...............................................................................................................................................................
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Socio-cultural and Ethical issues

Social and ethical considerations deserve serious attention at the conception of electrification projects, especially for green field
projects where there has previously been no electricity. This is because electricity can profoundly change the social, economic
and cultural context of a community. Relationships within the community, including roles of men, women and children, can be
fundamentally affected by the introduction of electricity. Deliberate well-structured community engagement at an early stage is
critical to ensure clear understanding of how to undertake the project, which can vary from place to place. Some of the aspects
that need to be investigated and handled appropriately are elaborated in the sub-sections that follow.

51 Social considerations

«  Community leadership and protocols -- Understanding and respecting social norms is important for any enterprise
that seeks to bring change to a community. A clear community engagement strategy, through which communities
and their leaders are included in key decision-making, is thus critical for micro-grid deployment.

+ Impact on employment - The expected impact of introducing electricity to a community is increased opportunities
for employment. Yet, there are sometimes some unintended outcomes of electrification which have the reverse
effect. For example, fuel wood use generates at least 20 times more local employment in South Asia than energy
from oil products (per unit of energy). This unintended impact must be considered during project conceptualization

5.2 Ethical considerations

«  Community participation in project delivery is essential. Major decisions should be taken in consultation with local
community leaders. Consider models that involve part ownership of the facilities by the local community.

«  Providing sustainable solutions for communities - avoid undue external dependence and deployment of inappropriate
models that cannot be supported over the long term.

+  Land use for energy production - consider local land use and avoid conflict with local community.
Health & safety - ensure appropriate health and safety is considered in design and operation of the micro-grid.

«  Standards for micro-grid components - ensure appropriate standards are adopted and used to screen components
used in the micro-grid.

«  Safe end of life disposal - micro-grid components, especially batteries that contain lead, which is harmful if it leaks
into the water system, must be managed responsibly.
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+  Community education and capacity building - ensure the local community is educated on use of the system, as well
as its operation and maintenance.

+  Equality of access — micro-grids could be the basis of local economic development for rural poor communities
which are not always a high priority for public or private investment.

5.3  Gender Impact and Considerations

Gender inequalities in the energy sector manifest in several ways: gender gaps in energy access, gender gaps in the energy labour
market, gender gaps in energy-related education and gender gaps in decision-making. Due to the lack of access to education,
women are often employed in low-qualified and non-technical jobs in the energy sector. This may be related to the fact that fewer
women than men undertake studies in science, technology, engineering and mathematics (STEM). Moreover, the average digital
literacy of women is lower than that of men. Women's participation in the energy labour market is also discouraged by gender
stereotypes, which portray the energy sector as a technical working environment that is unsuitable for women "7,

With regard to access, electrification impacts men and women differently as a transition from traditional energy sources (wood,
charcoal) to electricity changes the household dynamics. Given the heavy burden women are typically tasked with in managing
household energy supply, transition to more efficient, cleaner and more affordable energy is usually a boom for women. Long-term
benefits include better access to education for women and girls®®2. In the labour market, women have the potential for creating and
benefiting from green employment. Examples of entrepreneurial and productive use of sustainable energy include water pumping
for potable water and drip irrigation systems, labour saving technologies for agricultural production, agro-processing and reduction
of post-harvest losses.

»  Social and ethical considerations should be incorporated during the conceptualization of electrification projects,
especially for green field projects where there has previously been no electricity

+  Community engagement and participation, taking into account social and cultural norms, is essential to success of
mini-grid implementation

*  Public and private investment in micro-grids should focus on poverty reduction and wealth creation to transform rural
communities

*  Micro-grid deployment should mainstream gender requirements and ensure that women are empowered not only with
affordable access to energy but also opportunities to benefit from entrepreneurship and productive use

...............................................................................................................................................................
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Risk Analysis for Micro-Grid Implementation

The risks associated with adoption of micro-grid technology are discussed using a PESTLE (Political, Economic, Social, Technology,
Legal and Regulatory and Environment) approach under the headings of ¢!

6.1 Political

In addition to political will expressed through government leadership, micro-grid projects as with other development projects, will
be impacted by the political stability of a country and the stability of its region and neighbours. Lack of stability will make it difficult
to attract investment for micro-grid projects, especially in remote areas where the time to get significant returns may be longer
than in urban settings. Trade restrictions and reforms also pose a risk to micro-grid projects since most countries in Africa have to
import the equipment and also outsource the technical skills for implementation. Restrictive labour laws also affect the success
of micro-grid projects.

6.2 Economic

Inflation and cost of living are economic factors that will have an impact on the ability of consumers to pay for electricity. It is
well-established that in most African countries the tariffs for electricity are not cost-reflective and there is a lot of subsidization
by governments. Implementing micro-grids which would either require private investment or community ownership poses a
risk whereby for profitability and sustainability, cost-reflective tariffs would render access to electricity out of reach for most
people, Countries such as Mali, Namibia and Senegal that have implemented micro-grids with cost-reflective tarrifs provide
valuable lessons for the rest of the continent. Limited access to finance and credit is an impediment to leveraging private sector
participation in micro-grid projects, especially for local actors. This is further exacerbated by import taxes and duties and unstable
currencies which raise the cost of implementation and hence increase the cost to the consumer.

Key to micro-grid development are business models that are holistic, adaptive and robust. Apart from adequate demand modelling
and feasibility studies, micro-grid business models should be based on the promotion of productive uses of energy to sustain
demand. This becomes particularly important for sites which do not have an anchor business customer to take up the generated
electricity. Revenue collection methods (prepaid, pay-as-you-go) are an integral part of the sustainability of micro-grids which goes
hand-in-hand with cost reflective tariffs that ensure adequate returns for investors (61211,
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THE BUSINESS CASE FOR MINI-GRIDS

With expectations that the energy demand of 45% of Africa’s rural population will need to be met by mini-grids, establishing
the business case for mini-grid deployment is essential. Mini-grids will need to be developed through a variety of
models, including PPPs and community-owned and operated mini-grids. Whatever model is chosen, sustainability will
require that deployment and operational costs are recovered in the case of community ownership and that mini-grids are
profitable where private capital is invested. Current experience shows that returns on investment for mini-grid projects
range from 10 to 15% compared to 20% for on-grid projects. Private mini-grid operators in Africa expect a project
Internal Rate of Return (IRR) of at least 12% and an equity IRR above 16%. These IRRs are considered to be adequate by
social entrepreneurs but not for commercial investors.

Mini-grid deployments usually work with a pay-back period of between 5 to 7 years compared to the 20 to 30 years that
is typical of grid expansion investments. Mini-grid developers are faced with the choice of deploying smaller mini-grids
that require moderate investment and are less profitable versus larger grids which are more profitable over a longer
period of time. Deploying larger mini-grids thus makes sense when anchored in productive use and the sale of generated
capacity is assured.

6.3  Social

The demographics of a country, as well as education and literacy levels, will impact the success of micro-grid projects. Currently,
Africa faces a situation where close to 70% of the population lives in rural areas and more than 60% of the population consist of
youth. While the high rural population makes the case for micro-grid deployment, it also presents risks with respect to expectations,
attitudes and beliefs. For instance, consumers in rural areas might have the perception that electricity, like other services such as
education and health, should be provided by the government at no cost to them. Low levels of education and literacy levels would
add to this problem. On the other hand, the large youth population is associated with increasing rural to urban migration which if
unchecked, would limit the use-case for micro-grid deployment in rural areas and might in some cases cause projects to fail due to
insufficient demand. Implementation of micro-grids should thus take into account stakeholder integration and the creation of local
business activities and opportunities to stimulate and sustain demand for electricity.

6.4 Technology

Micro-grid implementation requires that there is a skilled and technologically capable workforce to install, operate and maintain the
micro-grids. There is thus an opportunity for Africa to develop a critical mass of scientists, engineers and technicians around micro-
grid technology. The downside to this is the risk of failure of projects due to an inability to maintain installed infrastructure. The
deployment of micro-grids is dependent in part on the availability of other infrastructure such as transport and telecommunication
networks. Where this complementary infrastructure is lacking, there is a risk that micro-grid projects will not provide maximal
benefit, and in some cases, may even affect the viability of the project.

The lack of ownership of intellectual property in micro-grids means that Africa would have to pay to license or commercialise
micro-grid technology and components. The inability to pay for technology licensing might pose a risk in that once a micro-grid
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solution is deployed, there is little room to adapt or change technologies, especially where proprietary solutions and technologies
are used.

From a programme development perspective, innovation and IP development could be encouraged through competitions and grand
challenges on topical issues on micro-grid deployment for rural and remote communities.

6.5 Legal and Regulatory

Micro-grid deployment faces risks not only from technology and operational considerations but also from perceived and actual
risks that affect private sector investment. The major concern for private sector investors is the predictability of the regulatory
environment and the ability to generate profitable returns on investment. It is thus important to streamline procedures and establish
independent regulatory authorities with defined licensing and registration regimes for independent power producers.
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Limited consumer awareness can impact the success of micro-grid projects, particularly where the cost of micro-grid access might
be higher than that of access to the national grid. Given Africa’s socio-cultural dynamics, there is usually cross-subsidization of
access to services in rural areas by family members in the urban areas. The willingness-to-pay may be a risk if the urban consumers
are not made aware of the differences in cost of access between rural and urban areas. The legal and regulatory environment
should therefore, take into account consumer needs and interface with the relevant consumer advocacy groups. This will ensure
that any issues related to micro-grid implementation which are likely to affect consumers should be discussed and negotiated
prior to deployment. Where consumer advocacy groups do not exist, government should take steps to encourage and support their
establishment.

6.6  Environmental

Implementation of micro-grids that are based purely on renewables face the risk of unstable power supply due to climate and
weather patterns. As such, detailed analysis of prospective sites should be undertaken and measures put in place to back up the
electricity supply with other means when renewable sources are limited or unavailable. The use of diesel as the primary or back-up
source of energy introduces issues of ecological contamination due to spills as well as contribution to carbon emissions. On the
other hand, the use of batteries for storage also poses risks of contamination and pollution from the unsafe disposal of batteries.
Overall, micro-grids and their components will increase the generation of e-waste and the mitigation of environmental degradation
should form part of the overall assessment prior to deployment. Recycling schemes should be put in place and opportunities
exploited to develop recycling technologies.

Thus micro-grid programmes should include development of tools and instruments to assess micro-grid risks which should be
discussed transparently with financiers, developers and stakeholders alike. This would enable risk mitigation to be mainstreamed
into project development and allow micro-grid projects to identify options for dealing with risk. Ultimately, national strategies
would aim to develop standardised risk management procedures.

*  Business models that are holistic, adaptive and robust are key to micro-grid development.

* Implementation of micro-grids should take into account stakeholder integration and the creation of local business
activities and opportunities to stimulate and sustain demand for electricity.

*  Micro-grid implementation is an opportunity for Africa to develop a critical mass of scientists, engineers and
technicians around micro-grid technologies.

*  Procedures for mini-grid deployment should be streamlined, and independent regulatory authorities established with
defined licensing and registration regimes for independent power producers.

*  Micro-grid deployment can contribute to e-waste therefore, recycling schemes should be put in place and opportunities
exploited to develop recycling technologies.

...............................................................................................................................................................
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Policy and Regulation

An enabling public policy environment is critical to the success of electrification based on micro-grids, in particular for rural
application. The lack of clear policy, standards and regulatory oversight has been identified by many players in the market, including
trade and standards associations, as a source of increasing concern. It is therefore important to promulgate appropriate rules,
regulations and procedures to guide deployment and operation. In the sub-sections that follow, some critical public actions for the
success of micro-grids are presented [Ilel(sol6sIo0I93]

1.1  Rural electrification strategy and implementation

Some of the political decisions that have to be taken are whether or not mini-grids should form part of the rural electrification
strategy since most national grids are either wholly or partially owned by governments and the introduction of mini-grids can be
seen as detrimental to the expansion of the national grid. Countries need to have integrated electrification plans which indicate the
roll out of electrification. This should identify which areas are due to get grid electricity by when, and with clearly spelt-out roles for
the development of on-grid and off-grid energy supply.

Further decisions have to be made about off-grid versus on-grid micro-grids, that is, whether mini-grids generate and distribute their
energy independently or energy generated should be fed into the national grid. This has an impact on tariff setting as well since
off-grid solutions will mandate cost-reflective tariffs whereas on-grid solutions might benefit from cross-subsidised tariffs. Lastly,
decisions have to be made about how mini-grids will be financed - whether by government, private sector or through PPPs. These
decisions are foundational to the policy and regulatory frameworks and also determine the type of operator models to employ.

1.2 Establishment of Regulatory Authorities

The regulatory authority has the primary role of protecting the consumers and safeguarding the investment. Some primary actions
that the regulatory authority must take include the following:

+  Determine who will develop, own and operate micro-grids;
«  Develop, measure and quantify the environmental benefits of micro-grids; and
+  Provide licence and regulatory oversight

A key function of regulation must be to protect the public from exploitation by what will effectively be private monopolies within
the licence area. Countries that have developed regulatory frameworks have exhibited better performance in attracting necessary
investment, for example South Africa, Rwanda™l.
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1.3 Development of commercial framework for pricing

7.3.1 Adoption of technical standards

To safeguard customers against substandard products which can undermine confidence in renewable energy such as solar, it is
essential to adopt and enforce standards for critical components such as solar panels, inverters, charge controllers and batteries.
Currently, most countries do not have mandatory standards for renewable energy products.

Enforcement of standards should include mechanisms for dealing with unscrupulous players in order to avoid negative
consequences arising from the following:

«  Loss of public confidence in new technologies, especially if substandard products are allowed to proliferate without
adequate performance guarantees;

+  Health and safety concerns - lack of standards and regulation can lead to unsafe systems being installed leading to
accidents. This could include unsafe end-of-life disposal of components such as batteries; and

+  Unscrupulous service providers - some unscrupulous developers or service providers could install poor systems
and not be accountable for negative outcomes.

1.4, Operational Models

The models used to deploy micro-grids range from private to community initiatives. Distinctions can be made between utility-run
mini-grids, privately run min-grids, community or cooperative schemes, or a combination, leading to these classifications: utility,
private, community and hybrid operator models. Regulatory and policy considerations have to factor in the operational models
allowed, as well the generation or distribution model, and whether the mini-grids are being implemented purely for a localised area
or with intent to distribute energy generated to outlying areas.
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1.5  Tariff Structure

A clear pricing basis must be developed that takes due account of the impact of micro-grids on the whole energy system. Pricing
must be both logical and fair when compared to the main-grid tariff structure. It might be worth, for example, extending the concept
of renewable energy feed- in tariffs to micro-grids.

There are three basic types of tariffs:
+  Energy-based tariffs depend on the actual electricity consumed and are thus based on measured kWh.

«  Power-based tariffs are based on the expected power consumption, which in turn determines the maximum power
available for the consumers. These tariffs are calculated on a Watt basis.

+  Fee-for service tariffs charge for services provided and not per unit of energy. The tariff is based on kg, hour, litres
or other units of service.

Another way of classifying tariffs is to consider whether they are break-even tariffs, profitable tariffs or free-of-charge. Break-even
tariffs are typically used in community mini-grids to ensure cost-recovery of capital and operational expenditure while profitable
tariffs would be higher to enable sufficient returns on investment for private sector operators. The problem with profitable or cost-
recovery tariffs is that they are usually higher than the tariffs on the national grid. Free-of-charge (pro-poor) tariffs aim to ensure
that a minimum level of service is made available to those that cannot afford to pay. Poorer customers receive subsidised service
either directly through government subsidies or indirectly through higher tariffs for high-consumption customers.

The emerging model among privately-owned mini-grids is to offer a pre-payment or pay-as-you-go service similar to how mobile
services are provided. While prepayment enables more predictable revenue collection for the mini-grid operator, it does not address
the issue of capacity to pay among the poorest. As such, there is need for safeguards that ensure that the poor will get a minimum
level of service and an agreement would need to be reached between government and the regulator on how this minimum level of
service would be financed.

*  Aregulatory environment is essential to ensure a level playing field and to ensure adherence to agreed service levels
and operational safety concerns.

*  African countries should adopt and enforce standards for the most critical components such as solar panels, inverters,
charge controllers and batteries

* A clear pricing basis must be developed that takes due account of the impact of micro-grids on the whole energy
system

+ Tariffs will need to ensure an adequate return on investment for viable and sustainable mini-grid deployments

*  Pro-poor tariffs and built-in subsidies should be developed to ensure that a minimum level of service is made available
to those that cannot afford to pay

...............................................................................................................................................................
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Research, Development and Demonstration

8.1 Research and Development Focus and Infrastructure

As discussed under the various subsections in Section 4, mini-grid deployment offers opportunities for research in a number of
areas: battery storage, fuel sources (PV, biomass, wind, hydro), sustainable business models, policy and regulation. These are
summarised in Figure 4. The Research and development infrastructure required would depend on specific areas that projects or
countries would focus on. A pragmatic approach might be for projects, countries or regions to take up research areas based on
their comparative advantage.

For research focusing on battery storage and fuel sources, the infrastructure would include physical laboratories with simulation,
prototyping or testing capabilities. Additionally the concept of “living laboratories” could be adopted, using onsite implementations
for research activities. Implementation of micro-grid research should align with, and be informed by the African Union Science
Technology and Innovation Strategy for Africa (STISA 2024)1'2].

Figure 4: Areas for Micro-Grid Research
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8.2  Human capital and institutional development

The deployment of micro and mini-grids has implications for human capital and institutional development at different levels, some
of which are presented in Figure 5.

Figure 5: Capacity Development for Micro-Grids
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An implementation strategy for mini-grid deployment should therefore, take cognizance of these capacity development needs and
ensure that measures are put in place to address them.
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8.3  Stakeholders and partners

Table 3 below lists main stakeholders directly involved in national policy implementation for micro-grids and their functions 20
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Table 3: National Policy and Regulatory Stakeholders

Stakeholder

Functions

Ministry of Energy/Infrastructure

«  Design rural electrification targets, strategy/vision and mission

+  Design and administer national energy policy and planning

+  Define rural electrification strategy (incl. the selection of operator models)
+  Administer public resource allocation

+ Initiate mini-grid regulatory and institutional framework

Treasury/Finance Ministry

+  Provide rural electrification budget

+  Avail and coordinate grants and concessionary loans for rural electrification
«  Provide input on national electricity tariffs and subsidies

+  Determine stability of investment policy

«  Design and implement fiscal incentives

Energy regulator

«  Facilitate the implementation rural electrification targets, vision and mission

+  Formulate and implement technical regulation (technical & service quality
standards, main-grid interconnection requirements)

«  Formulate and implement economic regulation (tariffs, PPA, etc.)
+  Issue and monitor legal regulation (licensing, permit requirements)
+  Mediate disputes

«  Provide an advisory function to other entities

National environment agency

+  Ensure mini-grid meets national environment standards
+ Issue licences as required

*  Monitor compliance with environmental regulations

Rural electrification agency

«  Drive implementation of selected national operator models
+ In some cases, perform specific regulatory tasks delegated to the REA

«  Manage mini-grid project cycles, channel loans and grants for mini-grid projects
(e.g. through a rural electrification fund)

*  Monitor and evaluate mini-grid projects
«  Development of electrification plans
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+  Support the identification of target areas
+  Authorise land use

«  Award building permits
Regional/local authority/

.. . «  Award resource utilisation permits, e.g. water rights
administration

«  Promote mini-grid programmes
«  Facilitate contact with electricity users
«  Train and perform capacity building

Sector ministries linked to

development, productive use *  Advise on integration of productive use in micro-grid deployment
and well-being (agriculture, + Integrate micro-grids in sector strategies and policies
education, health, water, +  Promote mini-grid programmes

sanitation, ICTs, trade, etc.)

These public-sector stakeholders need to work together with stakeholders from civil society, community organisations, private
sector and academia in the planning and implementation of rural electrification and micro-grid programs.

*  Mini-grid deployment offers opportunities for research in a number of areas: battery storage, fuel sources: PV,
biomass, wind, hydro, sustainable business models, policy and regulation.

*  Implementation of micro-grid research should align with, and be informed by, the African Union Science Technology
and Innovation Strategy for Africa (STISA).

*  Micro-grids will require a critical mass of scientists, engineers and other specialists.

*  Public-sector stakeholders need to work together with stakeholders from civil society, community organisations,
private sector and academia in planning and implementation of rural electrification and micro-grid programmes.

...............................................................................................................................................................
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Recommendations for micro-grid implementation/adoption

Micro-grids are the cornerstone of sustainable, resilient power systems of the future. Just as witnessed in the mobile phone
revolution, which completely democratised access to communication, it is expected that energy access might experience a similar
revolution, thereby allowing easy and safe access to energy for all. Micro-grids present an economically feasible opportunity
to accelerate access to electricity for remote communities on the vast continent of Africa. Key areas to be considered include
capacity-building, enabling or supporting infrastructure, regulatory strengthening, research and development and stakeholder
engagement.

The AU High Level Panel recommends that the AU, RECs, Member States and their partners should consider the following:

+  Micro-grid implementation should be adapted and contextualised for Africa, taking into account factors such as site
selection, the expected number of connections per site, the demand and willingness to pay and the expected return
per connection. The Panel further recommends that contextualisation should be based on the prevailing natural
resources to determine optimal selection of the underlying energy source (solar, wind, biomass or thermal).

«  Skills and capacities for addressing under-served communities and the “informal sector” to support micro-grid
implementation must be developed. This would mitigate against cases cited in some countries where micro-grid
installations have suffered from not being properly operated or maintained, leaving communities unable to derive
the intended benefits.

«  Harmonised regulatory frameworks for micro-grid development which would focus, among other things, on
investment laws and PPPs, sustainable tariff structures and cross-border interconnection must be put in place. The
Panel further recommends the development of smart regulation leveraging on emerging trends in the use of ICTs.

+  Micro-grid implementation should be based on multi-sectorial collaboration since interventions in agriculture, health,
education, water and sanitation, social welfare and other sectors all have potential implications for energy projects.

«  Stimulate bankability of micro-grid projects, a robust framework of incentives should be developed to stimulate
private investment. The Panel further recommends the decentralisation of regulatory and support processes to
local government level to enable mobilisation of domestic resources and faster, tailored responses to micro-grid
deployment in under-served communities.

+  Projects should aim to increase women’s participation in the energy sector through procurement allocation
policies, and by promoting employment of women in technical aspects of operation and maintenance. Projects
should also encourage women to participate actively as business leaders and entrepreneurs, providing value-added
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productive services including producing and distributing new energy technologies and services. The Panel therefore
recommends the promotion and strengthening of participation along entire micro-grid value chain by women and
the youth.

«  Higher education and research institutions should be supported to start implementing programmes that focus on
renewable energy, micro-grids and associated generation, storage and distribution technologies. This should be
employed simultaneously with the strengthening of intellectual property regimes, as well as increased awareness of
how to license and use existing IP.
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Conclusion

This report presents an overview of micro-grids as an emerging technology for application in Africa. Even though it can be argued
that micro-grids have existed since the advent of electricity in the 19th century, today'’s idea of the micro-grid is a completely
different concept which is underpinned by, and exploits recent developments in renewable energy technologies as well as
information and communication technologies.

Apart from the technological innovations that will most certainly be delivered, there are other, perhaps even more critical issues
that must be addressed to enable the deployment and up-scaling of micro-grids across Africa. These issues relate to creation of an
enabling legal and regulatory environment, as well as effective community engagement to ensure that pertinent social and ethical
issues are properly addressed in the development of micro-grids.

Micro-grids are the cornerstone of the sustainable, resilient power systems of the future. Just as witnessed in the mobile phone
revolution, which completely democratised access to communication, it is expected that energy access might experience a similar
revolution, allowing easy and safe access to energy for all. Micro-grids therefore, present an opportunity to accelerate access to
electricity for remote communities on the vast continent of Africa.
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