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There are a range of emerging data and technological
innovations that can support better energy planning,
help identify high potential sites for locating mini gids,
enable remote monitoring of mini grid functionality and
end-users' energy consumption, and ease end-users'
ability to pay for electricity services. This toolkit outlines
the challenges and opportunities these innovations
present for fragile and conflict-affected settings.
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In this paper

This paper is intended to help equip policymakers in fragile settings
with an understanding of the data and technological innovations
that support better energy planning, help identify high potential
sites for locating mini grids, enable remote monitoring of mini
grid functionality and end-users’' energy consumption, and ease
end-users' ability to pay for electricity services. It also looks at
the various challenges and opportunities associated with using
data and technology in planning and operating solar mini grids
in fragile contexts. To scale up solar mini grids in fragile settings,
collaborative efforts are required from a range of stakeholders,
including donors, development finance institutions, philanthropic
entities, private investors (both domestic and international), and
energy project developers. Consequently, this paper outlines
important lessons for other key stakeholders too.

The technological scope of this toolkit focuses on solar mini grids.
However, these are only a part of a necessary wider, integrated
energy strategy that should include additional off-grid and grid-
based technologies. Where relevant, we draw lessons from other
technologies, such as solar home systems.
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Data and technology: Challenges and opportunities
for solar mini grids in fragile contexts

Executive summary

There is a critical need to address energy poverty in fragile and conflict-affected states
(FCS), where more than a billion people live, and where more than two-thirds of the
world's poor will reside by 2030.! With an average of only 58% of the population in these
regions having access to electricity (with access in rural areas being significantly lower
than in urban areas), the importance of scaling up energy access to achieve Sustainable
Development Goal (SDG) 7 is undeniable. Achieving this goal requires innovative, cost-
effective approaches, data-driven solutions, and new ways of working, especially in
areas where traditional centralised energy infrastructure is not viable. Solar mini grids
offer a viable alternative as they can operate in a decentralised manner independent

of the main grid, be deployed quickly, and reduce reliance on diesel generators that are
often expensive, difficult to maintain, and suffer from unreliable fuel supply chains in FCS.

One of the key challenges in expanding
electricity access is the limited availability
and accessibility of quality data in many

Geospatial technologies can pool
datasets collected from a range of
sources, including:

low-income countries, especially FCS.
Both the World Bank and the International
Energy Agency (IEA) measure energy
access in a binary manner, i.e., either

a household is connected, or it is not.
Essential data on electricity consumption
trends, affordability and reliability of
electricity supply, and its contribution to
the quality of life have not traditionally
been tracked, although these are crucial
to understanding the existing gaps for
better targeting.

Open-source databases, e.g.,
energydata.info and OpenStreetMap

Proprietary databases for more granular
remote sensing and satellite imagery
(e.g., Maxar's building footprint)

International organisations, e.g.,
World Bank, IEA, and the International
Renewable Energy Agency (IRENA)

National and sub-national government
departments, e.g., census bureau,
statistics department, and ministries of
electricity and energy.

The lack of granular data hinders accurate
identification of unelectrified communities
and their energy needs and impedes
energy planning. On-the-ground surveys

to collect this data are prohibitively
expensive and can be too dangerous to
undertake in situations of fragility and
conflict. New geospatial technologies have
emerged as promising solutions to fill this
gap, enabling national planners and mini
grid developers to optimise electrification
strategies.

They integrate data on both energy
demand and supply, as well as location-
specific information — data often covers
demographics (e.g., population number and
distribution, poverty rates, urbanisation
rates), social and productive uses of energy
(e.g., education and health facilities,
agricultural crops, location of markets

and mines), energy resources (solar

1 This toolkit uses the World Bank's list of countries classified as facing situations of fragility and conflict.
The World Banks updates this list annually, and the countries on the latest list are shown in Figure 1.
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irradiance, hydro resources, wind speed),
and infrastructure (roads, electricity
transmission and distribution lines).

Geospatial tools can reduce costs,
increase transparency, and can be used to
identify high-potential sites for solar mini
grids. However, least-cost electrification
plans in FCS must also take into account
aspects of fragility and conflict to ensure
that proposed plans are viable in these
settings. For example, WAYA Energy's

tool incorporates data from ACLED

on frequency and intensity of conflict
incidents in specific areas.

Another major challenge for FCS is

the complexity of implementing smart
and digitalised mini grids. These grids,
equipped with advanced hardware

like smart meters and inverters, and
supported by software solutions, can
greatly optimise energy generation and
storage, particularly with intermittent solar
power. They can also significantly improve
monitoring and control of mini grids,
including remotely, which is critical for
FCS where travel may be difficult or risky.
This digitalisation promises to enhance
the efficiency and sustainability of

mini grids, while reducing operational
costs. Yet, implementing these smart
technologies in FCS remains difficult

due to high costs, limited local capacity,
and poor internet and mobile network
penetration.

For FCS specifically, the combination of
challenges around accessing reliable
data and deploying digitalised mini

grid technologies requires flexible,
context-specific solutions that balance
technological innovation with the realities
of fragile environments. Some of the

ways in which policymakers, mini grid
developers, and other actors can navigate
the challenges posed by FCS include:

International organisations tasked with
monitoring progress towards SDG 7
should establish a common framework
and build consensus on data sources,
collection methods, and assumptions.
This is necessary to enable improved
measurement of electricity access data.

Governments should develop
technology-neutral national
electrification plans that go beyond
the usual least-cost electrification
thinking and are sensitive to the
inherent risks prevalent in FCS. Engaging
private sector actors in developing
electrification plans can assist with
better integration of on-the-ground
realities and experiences and can assist
planners with setting realistic timelines
to achieve national electrification
targets.

When geospatial electrification plans
are developed by third parties (as is
often the case), governments should
require that these third parties build
the capacity of the government
counterparts who will be responsible
for maintaining the database and the
electrification model.

Within the confines of established
ethical standards, governments, mini
grid developers, and development
partners should endeavour to share
more data with each other to foster
more evidence-based decision-making.
Data that can be shared should be
shared with peers to foster learning
within the mini grid community, with
partners where there is a legitimate
business need, and with the general
public for awareness where possible.

This policy toolkit is designed to support
policymakers of FCS in addressing the
opportunities and challenges in leveraging
recent innovations in data methods, tools,
and advances in solar mini grid technology.
The toolkit is also relevant to policymakers
in countries transitioning out of fragility
and conflict, as well as private developers
and investors working toward the goal of
universal energy access.
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1. Introduction

Strategic infrastructure in FCS, including electricity generation and
network assets, are often the target of competing control by conflicting
parties and political interests, making them particularly vulnerable to
damage. Mini grids offer a viable alternative to the traditional main grid
in these settings as they can be deployed in a decentralised manner and
use local renewable sources for energy generation, making them more
resilient. Solar mini grids, for example, reduce dependency on fossil fuels
and their supply chains which are expensive and difficult to maintain in
conflict-affected areas.

Recent innovations in data collection methods and tools, such as
geospatial analysis, supplemented by artificial intelligence and
machine learning, have empowered national planners and solar mini
grid developers to design electrification plans that precisely target
unelectrified and underserved communities and assess their estimated
electricity demand. These innovations have significantly reduced

the time and costs typically required for such exercises. Additionally,
advancements in solar mini grid equipment, including smart meters and
inverters, as well as digital solutions like mobile money, have enhanced
operational efficiency, enabling developers to make informed, data-
driven decisions.

This policy toolkit aims to document both the opportunities and
challenges of applying these data innovations and technological
advancements for scaling up solar mini grid deployment in FCS.

It provides recommendations for policymakers, solar mini grid
developers, and international organisations on policies and initiatives
that could leverage data and technology to expand energy access.
Additionally, the toolkit offers insights for other key stakeholders,
including multilateral development banks (MDBs), development financial
institutions (DFls), bilateral donors, private sector actors, impact
investors, and philanthropic foundations, who are working to achieve
SDG 7 by 2030.

The policy toolkit is informed by two primary sources: existing literature
on solar mini grids, electricity access, and relevant technologies; and
consultations with experts, researchers, and practitioners in the mini
grid sector. Special attention has been given to contextualising findings
for FCS settings.

The structure of the toolkit is as follows: section 2 covers how electricity
access is measured, the criteria used, and the need for more granular
data to better target unconnected communities; section 3 explores

how geospatial planning can bridge gaps in energy access data

and support national-level electrification and solar mini grid project
planning; section 4 examines digital hardware and software that have
enabled the rise of smart grids; section 5 addresses the importance of
data protection and confidentiality; section 6 provides the conclusions,
and the final section offers policy recommendations.
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2. Measuring electricity access data

Understanding the electricity access challenge, necessitates
understanding how electricity access is calculated. SDG 7 embodies the
global commitment towards ensuring universal access to affordable,
reliable and modern energy by 2030.2 Five custodian agencies have
been mandated to track the progress on SDG 7, namely the World Bank,
World Health Organisation (WHO), International Energy Agency (IEA),
International Renewable Energy Agency (IRENA), and the United Nations
Statistics Division (UNSD). Relevant SDG 7 targets, indicators, and
custodian agencies are outlined in Table 1.

Table 1

Target

71: By 2030, ensure universal
access to affordable, reliable,
and modern energy services.

SDG 7 targets, indicators, and custodian agencies?®

Indicator Custodian Agencies
71.1: Proportion of population | World Bank

with access to electricity.

7.1.2: Proportion of population | WHO

with primary reliance on clean
fuels and technology for
cooking.

7.2: By 2030, increase
substantially the share of
renewable energy in the
global energy mix.

7.2.1: Renewable energy
share in total final energy
consumption.

IEA, IRENA, UNSD

7.3: By 2030, double the global
rate of improvement in energy
efficiency.

7.3.1: Energy intensity
measured in terms of primary
energy and GDP.

IEA, UNSD

7.a: By 2030, enhance
international cooperation

to facilitate access to

clean energy research

and technology, including
renewable energy, energy
efficiency, and advanced and
cleaner fossil-fuel technology,
and promote investment in
energy infrastructure and
clean energy technology.

7.a.1: International financial
flows to developing countries
in support of clean energy
research and development
and renewable energy
production, including in hybrid
systems.

IRENA, Organisation for
Economic Co-operation
and Development (OECD)

7.b: By 2030, expand
infrastructure and upgrade
technology for supplying
modern and sustainable
energy services for all in
developing countries, in
particular least developed
countries, small island
developing states, and
landlocked developing
countries, in accordance with
their respective programs of
support.

7.b.1: Installed (renewables-
based) generating capacity in
developing countries (in watts
per capita).

IRENA

2 UNEP n.d. The 17 SDGS, also known as Global Agenda 2030, were unanimously adopted
by the 193 Member States of the United Nations during the General Assembly in 2015 -

United Nations, n.d.

3 IEA, IRENA, UNSD, World Bank & WHO, 2023.
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2.1. Status quo of measuring electricity access data

The World Bank is the primary agency authorised to report on the
progress countries have made on electricity access. However, the

IEA also publishes this information separately. Both produce electricity
access data at the national-level (as well as disaggregated between
demarcated rural and urban areas) as a binary variable, i.e., whether
the household has electricity connection or not. Figure 1 shows

the electricity access data reported by the World Bank and IEA on

the countries that have been classified as FCS by the World Bank.

The World Bank classifies countries as ‘fragile’ if they display
heightened institutional and social instability, and as affected by
‘conflict' if they suffer from violence and unrest and have experienced
conflict-related mortalities beyond a specified threshold.* This list is
updated annually.

Figure 1 Electricity access rates for World Bank list of FCS
FY25 (2022)°

Institutional and Social Fragility

Burundi

Chad

Comoros

Congo, Republic of
Eritrea
Guinea-Bissau
Kiribati

Kosovo*

Libya

Marshall Islands

Micronesia, Federated...

Papua New Guinea
Sao Tomé and Principe
Solomon Islands
Timor-Leste

Tuvalu

Venezuela, RB

Zimbabwe

4 World Bank, 2024.
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5  World Bank Open Data, 2022; IEA, n.d.a.
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Conflict

Afghanistan

Burkina Faso

Cameroon

Central African Republic
Congo, Democratic Republic...

Ethiopia

Haiti

Irag

Lebanon

Mali

Mozambique

Myanmar

Niger

Nigeria

Somalia

South Sudan

l'l|'||\||\l”\'|

Sudan

Not avallable

Syrian Arab Republic

Ukraine Not available

West Bank and Gaza (territory) e

Yemen, Republic of

mIEA mWorld Bank

As can be observed from Figure 1, the World Bank's access to electricity
data differs in most instances from the IEA, and this is most notable

for Comoros, Libya, Solomon Islands and the Republic of Yemen.

These differences arise because of the following variations:

Classifications for defining electricity access — The World Bank
categorises a household as connected if it receives at least 3 watt
peak (Wp)¢ and above per day, which equates to at least 4 hours

of electricity with sufficient capacity for one task lighting (e.g., for
reading, writing, cooking, sewing, etc.) and for charging a mobile
phone or listening to the radio.” This energy access can be adequately
provided by a small solar multi-light system.® In contrast, the IEA
considers a household to have electricity access if it is receiving at
least 10 Wp and above per day, which can power more than one task
lighting, phone charging and radio.?

6  Note: Watt peak is 'the maximum electrical power that can be supplied by a photovoltaic
panel under standard temperature and sunlight conditions'; Energuide, n.d.

World Bank, n.d.

8 IEA, 2023a.

9  Ibid.

~
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Sources and methodology — The World Bank collects electricity
access data from demand-side sources through end-user surveys
and/or censuses. The IEA, on the other hand, uses supply-side data
gathered from utilities, distribution system operators, mini grid
operators, and other suppliers of electricity,'® obtained through the
relevant ministries of energy, power, and electricity.”

Furthermore, national governments and other international agencies
may use different criteria for measuring electricity access. For instance,
governments in the Democratic Republic of Congo (DRC), Ethiopia,
Mozambique, and Nigeria have established a lower minimum power
capacity (compared to World bank and IEA) for a household to be
considered as ‘connected'. This is done to document a household's

first step and subsequent progress on the electricity ladder."

Differing definitions of electricity access makes targeted policymaking,
interventions and investments towards scaling up electricity access
challenging. Establishing a common framework and building consensus
on data sources, collection methods and assumptions is the first step
towards improving measurement of electricity access data.®

2.2. Improving granularity of electricity access data

Country-level electricity access data published by the World Bank
and the IEA is binary, i.e. either a household is connected or not.
Essential data on electricity consumption trends, affordability and
reliability of electricity supply, and its contribution to the quality
of life were not traditionally tracked, although these are crucial to
understanding the existing gaps for better targeting.

In 2015, the World Bank launched the Multi-Tier Framework (MTF)
initiative to measure electricity access across seven attributes:

i. capacity (measured in watts);

ii. availability (number of hours available daily, both during the
day and in the evening);

iii. reliability (number of disruptions);

iv. quality (whether the voltage received enables the use of
desired appliances);

v. affordability (cost of standard consumption package);
vi. formality (whether the bill payments are made or not); and

vii. health and safety (serious or fatal accidents due to electricity
connection).™

10  lbid.

11 |EA, n.d.a.
12 IEA, 2023a.
13 lbid.

14 World Bank, n.d.
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The MTF classified a household's access to electricity across six tiers, with
higher tiers corresponding to more capacity and more hours of electricity.”
Figure 2 shows the MTF with attributes associated with each tier.

Figure 2 The World Bank's Multi-Tier Framework

ATTRIBUTES

TIER 5

Power capacity  JEERVETELY Al least 3W AL least 2 kW
ratings i
W or daily Wh) Atleast 3.4 kwh AL least 8.2 kWh
Capacity
Services
Availability Atleast 16 hours | At least 23 hours
Availabilitya
MIII ility AL least 4 hours
(*3t014
disruptions /
Reliability Mare than 14 disruptions per week 3Idisruptions per | o
i it total disruptions /
duration of more week with > 2
than 2 hours™ hours of outage
Quality age p age
Cost of a standard consumption package of 365 kwh per Cos and
ko) year is more than 5% of household income yes thi
for th Bill Is paid
EREnay pata seller, or authori
Health and Safety Serious or fatal due to

In 2023, the IEA published a guidebook to improve tracking of electricity
access trends. It defined the electricity access of a household at three
different levels: basic, essential, and extended bundle to track those that
are on the first step of the electricity ladder as well as those gradually
increasing their uptake of electricity services. The guidebook also provides
methodology to incorporate electricity access provided by mini grids and
stand-alone systems that are increasingly being deployed as part of an
integrated approach to achieving universal electricity access (along with
the national grid).” Figure 3 shows how IEA measures electricity access
thresholds, and the associated technologies capable of providing them.

Figure 3 IEA access to electricity by technology™

Access o electricity
Track Track

separately separately

i [}
" L}
Solar Muiti-ight 4 Stand-al Stand-al Mini-grid Grids :
lanterns ~ Systems | SHS >=10 Wp | SHS >=20 Wp SHS >= 50 Wp SHS »= 100 Wp Lﬂm: _g‘:n;et Large GenSet |
Dry batteries > 3 Wp Small GenSet GenSet o 2 !

g

=

=
Basic bundie

Essential bundile

Extended bundie

| This evolves overtime e H

% If using high energy efficiency devices

15 Ibid.
16 lbid.
17 |IEA, 2023a.
18 Ibid.
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Electricity access planners are encouraged to collect data on both
energy demand and supply to complement the strengths and overcome
the weaknesses of both. These data can include:

For instance, surveys provide a detailed picture of end-user
characteristics but are expensive to administer and have long time lags
(5-10 years) between them because they are costly."” Data collection
from electricity distributors, on the other hand, is comparatively low-
cost and relatively easier to obtain on a more regular basis.

Achieving universal electricity access and ensuring no one is left behind,
however, requires more granular data be more easily available, both

in terms of costs and time. Data must be able to identify both where
unelectrified households are located and give an estimation of their
electricity demand within acceptable levels of accuracy.

The ideal situation would be to apply MTF or IEA bundles in every
country, but this will require massive survey and data collection efforts,
along with being extremely time consuming and expensive. For example,
between 2015 and 2019, MTF surveys were conducted in 17 countries
across Latin America, Africa, and Asia. The sample size of an MTF

survey in each country was approximately 3,500 households (divided
between urban and rural areas) and cost an estimated USD 300,000.
Conducting such survey activities would be especially challenging in
FCS experiencing displacement, damaged infrastructure, and social
tensions or conflict.

It is equally important to track the energy access of non-residential
end-users, such as public service facilities, commercial buildings, small
businesses, and other activities involving the productive use of energy,
as these consumers can serve as anchor loads and are essential for
both mini grid viability and broader socio-economic development.2°
These end-users are not currently tracked by the World Bank or the IEA.

Geospatial data and analytical tools that enable analysis of that data
are increasingly being used to address the current gaps in measuring
electricity access. Geospatial data is location- and time-based and
provides information about objects and events on the Earth's surface.?
It can be combined with other types of data, such as satellite imagery
and remote sensing data (e.g., night-time lights) and census, weather,
cell phone, and social media data, etc.22 These data can be used to
create visualisations (e.g., maps, graphs) that enable faster, easier, more
accurate, and cheaper data analysis for decision-making. Given these
attributes, analysis of geospatial data is increasingly being applied for
least-cost electrification planning at the national level and for rapid site
assessment at the project level.?

19 IEA, 2023a.
20 |EA, 2020.
21 IBM, n.d.
22 lbid.

23 ESMAP, 2022.
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3. Applying geospatial analysis for
electrification planning

Recent innovations in geospatial analysis, supplemented by artificial
intelligence (Al) and machine learning, have empowered national planners
and solar mini grid developers to design electrification plans that
precisely target unelectrified and underserved communities and assess
their estimated electricity demand. These innovations have significantly
reduced the time and costs typically required for such exercises.

3.1. National level electrification planning

Planners are using geospatial analysis to generate national level
least-cost electrification plans through optimising the combination of
technologies available (grid, mini grid or stand-alone systems) that
can be deployed most cost-effectively for powering unconnected or
underserved communities. Geospatial analytics tools do this by looking
at the characteristics of the location, as well as factoring in the time
that would take to deploy the technology. Even when expanding the
grid may be the most cost-efficient option, it is prudent to consider
alternative decentralised solutions (i.e. mini grids or stand-alone
systems) because of the time it may take to extend the grid network

to certain areas. In low-income countries and FCS, estimating time

for deployment would need to factor in the fiscal constraints and
competing priorities faced by governments that can further delay or halt
network expansion. It is also necessary to consider how easily different
locations can be accessed with existing transport infrastructure, the
resilience of a particular technology, whether expanding the grid is
feasible in the security context, and what risks of sabotage or damage
may exist.

The declining cost of solar mini grid equipment, especially solar
photovoltaic (PV) and batteries, in recent years has raised the likelihood
of solar mini grids being both the least-cost option and the most
feasible technology to deploy in many parts of FCS. In contrast, costs

of transmission (notably the cost of copper wire) have not declined and
are unlikely to do so. These trends have made policymakers increasingly
interested in understanding the role decentralised solar energy solutions
can play in national electrification planning to support electricity
access and to improve the quality and reliability of electricity.

There are multiple organisations that offer geospatial analysis that

can be used by governments for national electrification planning. Some
have developed open-source, interactive, online platforms using publicly
available data that can be used by anyone interested in understanding
the country-level electricity landscape. These platforms allow users

to apply different filters to select and display the information they

are interested in. Others offer customised solutions at a cost, using
proprietary data or data that has had to be purchased (for instance,
when greater granularity is required than what is publicly available).

16 — DATA AND TECHNOLOGY: CHALLENGES AND OPPORTUNITIES FOR SOLAR MINI GRIDS IN FRAGILE CONTEXTS



Geospatial planning tools combine various electricity demand and
supply indicators identified as being informative for national least-
cost electrification planning, as well as the costs associated with
different technologies. The demand and supply indicators used can
vary depending on the objectives behind developing different plans,
and costs of deployment will vary based on context-specific factors,
such as whether supply chains exist are in place. Generally, these tools
incorporate the following datasets:

Current and potential demand of electricity?

Demographics — Population and population growth, household size,
poverty rates, urbanisation rates, mobile phone ownership, radio
ownership, iron sheet roofing, livestock ownership, and household
electrification.

Social and productive uses — Education facilities, health facilities,
administrative offices, agricultural zones, mines and quarries,
commercial activities and small- and medium-sized enterprises
(SMEs), public institutions and night-time lights.

Current and potential supply of electricity 2°

Resources — Solar irradiance, wind speed, hydro resources,
biomass, and geothermal potential.

Infrastructure — Transmission and distribution networks, existing
power plants and mini grids, and accessibility to urban areas.

Current and projected cost parameters for different technologies

This includes costs of equipment and low- and medium-voltage lines
for grid extensions, mini grids and stand-alone systems, forecasted
cost projections, and discount rates (where applicable). 2¢

Datasets can be collected from a number of different sources,
including:#’

Open-source databases (e.g., energydata.info, OpenStreetMap,
Humanitarian OpenStreetMap, etc.)

Proprietary databases for more granular remote sensing and satellite
imagery (e.g., Maxar's building footprint)

International organisations (e.g., World Bank, IEA, Food and
Agriculture Organisation (FAO), IRENA, European Union Joint Research
Centre (EU JRC), World Resources Institute, etc.)

National and sub-national stakeholders (e.g., census bureau,

statistics department, electricity and energy ministries, education
and health ministries, etc.)

24 Adapted from World Resources Institute, 2019.

25 Ibid.
26 Adapted from ESMAP, 2022.
27 Ibid.
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Geospatial analytics tools can factor in different constraints, depending
on the context for which the electrification planning exercise is being
conducted. These can include electricity demand targets and projections,
ability to pay of consumers, cost and service standards for the network,
cost of equipment for decentralised technologies, the priority and
sequence assigned to different areas or regions to be electrified, and
policy mandates (e.g. electricity access equity). The tools develop
different scenarios based on these constraints, which help define the
national least-cost electrification plan through either minimising the
total financing that is required to achieve the desired connectivity or
maximising connectivity for the financing earmarked for this purpose.?®

In FCS, where data quality shortcomings can result from lack of
capacity, source data challenges, poorly funded public statistics
systems, and inadequate information and communication technology
infrastructure, applying geospatial analysis to develop national
electrification plans is particularly promising and can help leapfrog
these constraints.?? Box 1 provides details on Open Energy Maps, an
open-source data portal that uses satellite imagery of entire countries
to identify unconnected communities to target for electrification.

BOX 1 OPEN ENERGY MAPS?°

To address the data challenge around understanding electrification
levels and energy demand at the community level, the IEA,
Massachusetts Institute of Technology (MIT), University of
Massachusetts Amherst, and Electricity Growth and Use in Developing
Countries (e-GUIDE) launched Open Energy Maps in March 2024.

This open-source data portal matches satellite images and building
footprint data with electricity consumption data from utility company
meters across Africa, as well as other remote sensing data (night-
time lights, internet speed, land-cover, land-use datasets) and uses

Al algorithms to assist national planners and private companies with
identifying communities to target for electrification. Figure & provides
information on the model's approach.

To assess the probability of a given building having electricity
access, the model utilises night-time lights methodology (using
streetlights as a proxy), layers it with additional datasets that track
geolocations, e.g., internet speed, and applies Al algorithms that can
predict with more than 80% accuracy whether a building currently
has access to electricity. Knowing areas and communities that are
unconnected or underserved close to those that are connected is
useful information for planners and private companies as these may
be the most least cost to electrify first (subject to national priorities
and sensitivities), because the additional costs involved with
connecting these potential customers may be marginal.

Moreover, it can be expected that these areas are more likely to
increase their electricity consumption as their willingness and
ability to pay may increase more rapidly compared to unconnected
communities in more remote areas.

28 Ibid.
29 IMF, 2022.
30 IEA, 2024.
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To estimate the electricity demand (both for buildings already
electrified and those for which consumption data is unavailable), the
Al algorithms are trained to identify and match the characteristics
of these buildings (e.g., whether it is residential or commercial or
industrial, the number of floors, whether it is connected to roads,
the density of the area, etc.) with buildings for which real utility
data is available. For example, when applied to Ghana, Senegal and
Uganda, the model identified buildings that were commercial or
industrial, multi-story, and situated in dense urban areas as end-
users with higher demand (and with a likely higher ability to pay).
When this analysis was compared to a separate geospatial analysis
looking at estimating per capita income, the findings coincided
strongly with the electricity demand of the building estimated by
the model, i.e., higher incomes overlapped with buildings estimated
by the model to have higher electricity demand.

Open Energy Maps aims to improve national planners and private
companies' ability to identify end-users to target for electrification,
which traditionally has been an expensive exercise involving on-
the-ground surveys. The tool can adapt to the local context and
characteristics (such as climate and culture) when trained on a
representative sample of communities and a map of country-level
satellite images.

Figure &4 Building-level access status and electricity demand
estimation model®
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Although applying geospatial analysis to develop national electrification
plans is designed to be context specific, the ESMAP's Mini grids for half
a billion people report observed a few generalisations that can be
drawn, including:

High demand customers prefer to be connected to the grid or the mini
grid, whereas low demand customers prefer stand-alone systems.

31 IEA, 2024.
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Large residential loads closer to the grid are least costly to connect
via extending the grid, and smaller loads further away are least costly
to connect through mini grids

Distribution networks powered by the grid or mini grid are generally
only justified when residential electricity demand is at MTF tier 3
or higher

Productive loads (e.g. milling, carpentry, sewing, water pumping,
etc.), and public uses (such as education and health centres, and
administrative offices) are better supported by grid and mini grids.

3.2. Solar mini grid project level electrification planning??

Beyond national planners, solar mini grid developers are increasingly
applying geospatial modelling, demand assessment, and energy
systems simulations in order to identify sites, develop appropriate
financing models, and deploy mini grids. The proliferation and
availability of geospatial platforms and tools has reduced the time
taken and cost incurred for scoping solar mini grid projects compared
to traditional approaches of dispatching field teams to conduct on-
the-ground surveys to assess the potential for mini grid electrification.
It has also allowed developers to think beyond single projects and
plan for portfolios.

ESMAP’'s handbook on Mini grids for half a billion people provides
details on the process developers undertake for mini grid electrification
planning. These steps are covered in detail below.

3.2.1. Identifying population clusters

The first important step is to identify sites that have population
clusters that are attractive for mini grid deployments. In some cases,
the boundaries of administrative units (provincial, divisions, districts,
municipality, wards, etc.) will be clearly demarcated. However, in most
cases, especially in FCS, this information would not be available.

In these instances, alternative methods, such as analysing distribution
of buildings or rooftops, can be used to generate population clusters.
In Nigeria, for example, the World Bank identified population clusters
using OpenStreetMap data (covering buildings, land use (residential,
industrial), roads, water bodies, etc.), high resolution settlement data
(for estimating population distribution) and administrative boundaries,
and ran an algorithm to estimate the size, area, and density of
villages. Box 2 provides details on VIDA, a map-based software that
allows subscribers to identify solar mini grid sites that align with their
respective criteria.

32 Adapted from ESMAP, 2022.
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BOX 2 VIDA

VIDA is a map-based software that allows users to assess site-
specific infrastructure opportunities and risks for any location around
the world. It was launched in 2019 by founders who had worked

in the renewable energy sector and realised that the absence of
transparent and easily accessible data was holding the sector's
development back. National planners and private companies were
constrained because they did not have a good understanding of
where settlements were located, which ones were electrified, how
close or far away they were from key infrastructure (e.g., transport
and grid networks), whether they had productive activities, etc.
Insufficient data was hindering effective decision-making.

VIDA's software has more than 50 data layers on location
characteristics, including demographics, renewable energy potential,
socio-economic infrastructure (educational and health facilities,
administrative offices, etc.), accessibility to transport infrastructure,
agricultural productivity, environmental characteristics (land-use,
and land-cover) climate risks (that has been recently added), etc.3®

It also has information on the local security situation, which is critical
for FCS. This data is curated from a range of sources, both open-
source and procured at a cost from the public domain, national
governments, and international organisations.

For instance, VIDA uses earth observation data from Sentinel-|

and Sentinel-1l satellite imagery operated by the European Space
Agency,** on-the-ground survey data collected by national
departments, and Internet of Things (IoT)35 data from operational
mini grids. Additionally, VIDA has developed a set of machine
learning algorithms. For example, VIDA's Gridlight algorithm can
predict the electrification status of settlements using night-time
satellite images. Their spatial clustering algorithm can identify every
single settlement in a country using building footprint data as input.

VIDA's software allows users to apply different filters to shortlist
locations that align with their defined criteria. For instance, a mini
grid developer looking for financially viable sites may decide that
they only want to select villages that have more than 200 potential
customers, more than 4,000 kWh per month predicted demand,

and that are more than 20 kilometres away from the existing grid.
These thresholds can be applied when making the selection.

This can potentially save the developer time and cost in developing
the project or portfolio of projects as on-the-ground surveys can
be targeted to the shortlisted sites. Similarly, VIDA's software
supports governments looking to develop national electrification
plans, identifying where they should prioritise the expansion of the
national grid, mini grids, and stand-alone systems. It can also assist
governments in developing a result-based subsidy program, support
with mini grid tendering, perform impact monitoring, etc.3¢

Allionce for Rural Electrification, 2024.

European Space Agency, n.d.

Note: IoT is a system of interconnected sensors.
European Space Agency, n.d.
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An important feature of VIDA is that the source of every dataset
uploaded on the platform is visible within the software. Additionally,
VIDA aims to make the latest data available. For instance, realising
that the security situation in any location is dynamic and can change
rapidly, VIDA recently signed an agreement with Armed Conflict
Location and Event (ACLED) to provide users with the highest quality
real-time data on political violence and protests around the world.
This is particularly important in FCS context.

VIDA's software has been used to analyse more than 1,000,000
locations across more than 80 countries.

3.2.2. Ranking population clusters based on criteria

After population clusters are identified, relevant site-specific
characteristics are added to the settlements. These attributes include
the population, building footprint, existing electrification rate measured
through night-time lights, distance to physical infrastructure (e.g. roads,
distribution network), number of public institutions (health, education
and administrative facilities), commercial buildings and anchor loads
(e.g., telecommunication towers), agricultural activity (crops, milling,
cooling, storage, etc.), resource availability (solar, wind, hydro, biomass,
etc.), and other socio-economic characteristics (poverty rate, income
level, household assets, etc.). Once the population clusters have been
attributed, they are then ranked to identify the clusters that align

most strongly with the criteria the developer has defined for mini grid
deployment. Clusters that don't fulfil the criteria are eliminated.

For instance, clusters that are already grid connected and electrified do
not need a mini grid and will not be of interest to a mini grid developer.
Similarly, a buffer zone (that can be 5 km, 10 km etc. depending on the
government's policy priorities) can be drawn around the grid connected
clusters under the assumption that they are best suited for grid
extension and, therefore, also not viable for mini grids.

Geospatial analysis shortlists population clusters that are most suitable
for mini grid deployment based on existing data from available sources,
as well as on assumptions and constraints applied. The analysis,
therefore, is dependent on the quality of data entered and the degree
of accuracy of the assumptions made. Therefore, physical validation
and verification checks should still be undertaken on the sites prioritised
for mini grid deployment. This can be done through phone surveys

(e.g., calling a resident and inquiring about the connectivity status

of the community) or sending an agent to the community to check

the electrification status, before sending teams to conduct detailed
feasibility studies and engage with the community.

3.2.3. Estimating the load profile of population clusters

The next step is to estimate the load profile of the community.

The load profile of any customer category, i.e. residential, commercial,
public, agricultural (including any additional demand from irrigation and
agricultural equipment) is their estimated demand for electricity during
a given time period (e.g., an hour or a day). This can be estimated in

two ways:
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Use available geospatial data and make assumptions on e.g., the
percentage of the overall community that would be interested

in connecting to the mini grid, demand estimates (i.e. electricity
consumption per kWh per day) of residential, commercial, public,
and agricultural consumers and anchor loads.

Send enumerators to identified communities to collect data on
the different customer categories, such as household sizes (small,
medium, large), major productive use of energy appliances, loads
(large, daytime, productive, commercial), as well as information on
affordability, current expenses incurred on using diesel generators
and on candles, kerosene and dry cell batteries. This gives more
accurate estimates and may be needed where there are gaps

in satellite data (e.g. satellite imagery has limited visibility when
there is tree cover). Box 3 provides an example of how practitioners
developed an innovative methodology to estimate demand of new
villages when geospatial data is limited.

BOX 3 ESTIMATING THE COST OF ELECTRIFYING
A VILLAGE?®

A major challenge when expanding electricity access to rural areas
is the difficultly of estimating demand. Accurately forecasting
demand leads to better sizing of the mini grid and helps avoid
building excess capacity (which leads to higher electricity costs
for end-users) or installing lower capacity that can affect the
functioning of the mini grid and harm assets.

Where detailed objective data is missing, on-site demand
assessment surveys are useful but may be affected by subjective
bias, especially where the communities have never experienced
electricity, and can become prohibitively expensive and time-
consuming to undertake in remote rural areas and fragile contexts.

To address this challenge, practitioners working at Engie, a French
electricity utility company active in solar mini grid deployment and
operations in Africa, developed an innovative methodology that used
limited geospatial data to estimate the demand of new villages.

This included using roof sizes as a proxy for wealth (e.g., economic
activities using productive use of energy are often carried out in
large buildings), and the remoteness and density of a building (e.g.
those situated at the centre of a dense area can be expected to have
higher demand). These datasets were layered with poverty rates.

Machine learning algorithms were then applied to this data to try

to predict for each building whether it would connect to the grid,

its consumption profile (i.e. residential or productive), and its peak
consumption. Once the demand for a village was forecasted, a
mathematical approach was applied to establish the optimal sizing
of the mini grid's generation and storage assets and the distribution
network layout that would minimise the total cost of electrifying the
village. The model was also used to perform sensitivity analyses to

37 Abadaetal., 2021.
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understand the trade-off between whether a particular building was
better served through distribution lines or solar home systems (SHS).

Table 2 shows the load forecast, and optimal generation capacity
and grid sizing for Kokoloko, an unelectrified village in Niger, as
forecasted by the model. Figure 5 shows an aerial image of Kokoloko
with roof demarcation and Figure 6 shows the distribution network
forecasted by the model. These were not validated to verify how
closely they matched the observations on ground as the village was
not later electrified. However, the model was applied to Barikiwa,

an electrified village in Tanzania, and it accurately estimated village
consumption, number of connections, as well as distribution, but
overestimated peak demand.

Table 2 Load forecast, and optimal generation capacity and grid
sizing for Kokoloko

Load forecast

Connection rate (%) 21.6
Village daily consumption (kWh) 37
Village daily consumption (kWh) 6
Optimal generation capacity

PV capacity (kW) 7
Battery capacity (kWh usable) X
Gensets capacity (kW) 1.8
SHS PV capacity (kW) 2.8
SHS battery capacity (kWh usable) 5.6
Optimal sizing of the grid

Total length of lines (km) 4.7
Number of poles 75

Figure 5 Aerial image of Kokoloko
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Figure 6 Forecasted distribution network of Kokoloko
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3.2.4. Determining the optimal mini grid design

The load profile of a community is then used to determine the optimal
mini grid system design that includes the quality and quantity of
generation assets (e.g. solar PVs, batteries, generators, inverters, etc.),
as well as distribution assets (e.g., low- and medium-voltage distribution
lines and other network assets such as poles and transformers).

At times, the government may have established minimum technical
requirements related to the size and quality of equipment and expected
service (e.g. thresholds on the number of hours of scheduled or
unscheduled maintenance), as well as any minimum production from the
renewable source (such as solar). The developers have to abide by these
requirements when developing the mini grid system design. The initial
cost estimates of both capital and operational expenses expected over
the lifetime of the project cycle are also calculated at this stage, and
the bill of materials is developed.

There are different modelling software options that can be integrated
with geospatial planning platforms to support developers with system
design and optimisation. Examples include Hybrid Optimisation Model
for Multiple Energy Sources (HOMER), Reference Electrification Model,
Renewable Energy Integration and Optimisation (REopt), Village
Infrastructure Angels, Integration, and VIDA. Box & provides details

on Off Grid Planning tool, an online tool that optimises energy

system design.
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BOX & OFF GRID PLANNING TOOL

The People Power: Optimising Off Grid Electricity Supply Systems in
Nigeria (PeopleSuN) research project was launched in Nigeria in 2020
with the aim of enhancing reliable and sustainable electricity access
in underserved areas. The researchers identified three obstacles to
off grid (i.e. mini grids and SHS) electrification in these areas:

i. information on the demand for electricity and end-user's ability
to pay was missing;

ii. technical know-how on optimal sizing of off gird systems and
distribution grid was lacking; and

iii. there was a gap between the varied socio-economic needs of the
communities and delivering energy solutions that are sustainable
and scalable.3®

These findings led to the development of the Off Grid Planning Tool.
This online, open-source tool can be used to conduct pre-feasibility
studies to assess the optimal sizing of off grid energy systems and
distribution grids in Nigeria. The tool supports project development
through selecting the site and modelling demand (more than 5,000
household and business surveys were conducted to understand
parameters like appliance ownership and usage, and time durations
for which business are open). It identified potential end-users that
would be very expensive to connect to the mini grid (relative to their
electricity consumption) and which would be better suited for SHS
(as shown in Figure 7). It clustered end-users and geolocated the
centre of the cluster for placement of poles and spatially optimised
the distribution grid so that all poles are connected using minimum
cable length (as shown in Figure 8). It also simulated the energy
system design and the saving in carbon emissions from deploying
the proposed energy system.

The tool currently has Nigeria-specific data at the backend, with the
researchers planning on adding more countries to the tool.

38 PeopleSuN, n.d.
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Figure 7 Map of end-users served by solar mini grid and SHS
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Figure 8 Spatial optimisation of distribution grid

3.2.5. Developing the most viable financial model

The optimal design solution is then tested on different input parameters
(such as different levels of demand, service quality, percentage

of electricity generated through renewable sources) and financial
parameters (such as discount rate, interest rate, generation and
distribution system assets, tariff structure, etc.) to assess how sensitive
it is to varying these parameters in order to build the most viable
financial model given the characteristics of the selected site.

The financial model includes an income statement, balance sheet,
cashflow statement and key performance indicators (e.g., profit
margin, levelized cost of electricity, payback period, etc.). In order to
conduct sensitivity analysis to assess sites that are viable, different
scenarios can be created with and without (or minimum and maximum)
dependence on productive load, and modelling different tariff
structures (such as time-of-use tariffs), etc.
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Third-party providers have developed online digital platforms to support
governments and developers to manage all the stages of the solar

mini grid lifespan (from planning and procurement to operations and
maintenance) within the platform across a portfolio of up to thousands
of projects. For instance, Nigeria's Rural Electrification Agency uses the
Odyssey Energy Solutions to manage the different stages of the project
lifespan of all their mini grid sites.3? Box 5 provides more detail on the
services Odyssey offers.

BOX 5 ODYSSEY

Odyssey Energy Solutions is a web-based platform that serves

as an end-to-end solution provider for designing, building and
operating mini grids.“® The platform acts as an online marketplace,
connecting mini grid operators to equipment suppliers (to streamline
procurement), financiers to mini grid operators (to facilitate
dealmaking, reduce transaction costs and track project progress),
and government and donors to investors and mini grid operators (to
support with the complete mini grid tendering process). Examples of
different ways Odyssey is contributing to the mini grid sector include:

Procurement market for mini grid components — A major challenge
the founders wanted to address when developing Odyssey was

the inability of solar mini grid developers in frontier markets to
purchase components in a timely manner and at a good price.

This was primarily because these developers were often small-

and medium-sized private companies with small purchase orders,
making them low priority for manufacturers. Odyssey's solution
was to aggregate equipment demand of different developers, and
leverage this to negotiate better prices and delivery times for them.
They also supported mini grid developers, who lacked the ability

to pay upfront for the equipment by offering to pay the suppliers

if the developers were able to make a down payment of 15%.
Odyssey was able to do this because the demand for equipment
was so high that even in situations where a developer's project
proposal fell through, there were other developers on the platform
who would readily purchase the equipment.*!

Government (and donor) tenders — Odyssey developed

a customised version of the platform for Nigeria's Rural
Electrification Agency (REA) to support tendering of mini grids
for a World Bank project that had earmarked USD 150 million for
this project. The REA carried out an extensive geospatial and
socioeconomic analysis, shortlisting an initial 8,000 potential
sites that could support financially viable mini grids to a final
list of 250.42 This data was fed into the Odyssey platform,
analysed and made available to relevant stakeholders who had
registered on the platform. Interested developers prepared
their bids by entering their project data into standardised, data-
driven proposals that were automatically vetted and validated

39 Presentation by Rural Electrification Agency, 2020.
40 ESMAP, 2022.
41 Chant, 2023.
42  ESMAP, 2022.
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by the platform and inconsistencies were flagged so that the
developers could address them.*®* The submitted proposals were
reviewed by the REA and the World Bank and those successful
were eligible to receive upfront subsidy on the capital cost.*
The platform tracked progress on construction and operations
through dashboards. It incorporated remote verification of the
number of end-users the developer had successfully connected to
unlock result-based financing. Real-time data from smart meters
and investors were collected to monitor site and equipment
performance to ensure that these comply with required quality
standards. Finally, Odyssey analyses the large amount of data
that is generated and collected through machine learning
algorithms to generate sector insights.*®

Investment market for mini grid portfolios — Developers can
use the platform to assess the site, generate demand forecasts,
design energy systems, model tariffs, and produce financial
statements. These details can then be shared directly with
interested financiers on the platform to secure investment.
Odyssey supports financiers by allowing them to evaluate

the different mini grid proposals on the platform using the
standardised metrics. For projects that get deployed, financiers
can evaluate the progress against designated benchmarks
through analysing operational data for better insights. This allows
them to compare the performance across the different projects
and work proactively with developers to meet targets.“¢

Odyssey is particularly well suited when a county is tendering
for a large number of mini grids sites, where there is geospatial
data available, where financiers are looking to invest in mini grid
portfolios, and when developers have built the capacity and can
provide the multiple parameters required to be able to make the
most use of the platform.*’

3.3. Opportunities and challenges ahead

Over the years, geospatial electricity planning models have become more
sophisticated as more data has become available. The electrification plans
developed can help policymakers decide on how to phase new connections
using grid and decentralised solutions. In particular, where governments
have limited financial resources and private capital has to be crowded in,
least-cost electrification plans can support with identifying high-potential
sites for mini grids and stand-alone systems. They can also analyse the
profitability of various business models and the tariffs or subsidies required
to attain the desired profitability levels. International institutions such

as the World Bank often provide funding for development of these plans,
which are then operationalised by the beneficiary government.“®

43 Presentation by Odyssey & ESMAP, 2020.
44 ESMAP, 2022.

45  Presentation by Odyssey & ESMAP, 2020.
46 ESMAP, 2022.

47 lbid.

48 Duren et al., 2020.
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A major challenge pertains to the availability of quality data — the
higher the quality of data, the better the result and predictions.
Moreover, where quality data is available, it may not necessarily

be easily accessible due to privacy and confidentiality concerns.
Organisations that have these data repositories may have little incentive
to share them unless there is some benefit to them for doing so.
Another major challenge relates to the regular maintenance and
updating of the electrification plans, which can get costly and time-
consuming, particularly when the required capacity does not exist
locally. When geospatial electrification plans are developed by external
parties (as is mostly the case), they should be encouraged to build

the capacity of the policy counterparts who will be responsible for
maintaining the database and the electrification model.

In FCS, another challenge is that electrification planning that focuses
simply on achieving a least-cost technology mix without adequately
internalising fragility and conflict parameters can result in unrealistic
infrastructure deployment plans. In the decade starting 2010, more than
1500 targeted attacks were carried out on energy infrastructure by
non-state actors, with almost half of them were aimed at transmission
networks.*? In Afghanistan, for example, the transmission lines from
Uzbekistan to Kabul traversed over unstable regions of Dand-e-Ghori
and Dand-e-Shahabuddin and were frequently sabotaged, making

the protection and repair in these areas expensive. The electrification
plans that had been developed for Afghanistan had failed to take
instability into consideration and had recommended the construction
of transmission networks over these regions.

The researchers studied how incorporating conflict and fragility into a
standard geospatial planning tool influenced electrification planning
in Afghanistan. They did this by adjusting for the higher costs of capital
(due to risks associated with delays in construction, loss of assets, and
failure by end-users to pay their bills timely) and higher fixed costs
(associated with e.g., underground transmission and site security to
make electricity infrastructure more resilient) and variable costs (from
fuel costs and/or shortages, and lack of skilled labour to repair energy
system failure, etc.). They found that incorporating local conflict risk
and cost dynamics greatly influences the least-cost electrification
technology mix.*° Recent years have seen efforts being made to
develop national electrification plans that are sensitive to ongoing
instability. WAYA Energy has developed a planning and analysis
software for designing national electrification plans for different
governments. When developing these plans, they create ‘what if’
scenarios that internalise the dynamic nature of conflict to allow the
government flexibility to choose the scenario that best fits the situation
on the ground.®

49  Korkovelos et al., 2020.
50 |Ibid.
51 lattoni et al, Data, technology and e-waste webinar, 24 July 2024.
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An important advantage of using geospatial tools is that it can
encourage greater transparency as well as improve accessibility of
the electrification plans for relevant stakeholders. Citizens would know
government's priorities for expanding and improving energy access,
making it more accountable. Investors would be able to identify the
most feasible sites for their investments if they know the grid extension
plans and areas identified for distributed electricity alternatives.
International organisations can support when they have better
visibility and understanding of the government's plans to achieving
electrification targets.

However, in FCS this information can also become highly sensitive.
Non-state actors may actively sabotage government electrification
plans in order to undermine government's legitimacy and inhibit its
ability to deliver. Furthermore, in the politically charged environments
that are prevalent in such settings, rogue elements may use

this information to exacerbate historical or ongoing feelings of
marginalisation if a group or a region is deemed to have been treated
preferentially. It will depend on policymakers in these settings to
navigate the domestic socio-political dynamics when deciding on who
should have access to electrification plans.

The next section looks at how innovations in digital technologies has
enhanced efficiency (both through reducing time and cutting costs)
and the resilience of solar mini grids by providing access to better data
and analytics and improving the decision-making of operators and
relevant stakeholders.
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4. Digitalisation potential for
operationalising solar mini grids

Digitalisation solutions leverage information and communication
technologies (ICT) through the application of multiple different
technologies and functionalities. For the electricity sector, the
digitalisation opportunity has been transformational in improving data
collection and analysis and facilitating greater connection between
devices that has resulted in better visibility, control, and automation of
energy systems.®2 Digital technologies can direct electricity supply to
where it is needed most, in real-time, at the lowest cost, and with the
least amount of emissions.53

Smart mini grids, also referred to as mini grids of the future® and third-
generation mini grids, apply digitalisation solutions that assist with
maintaining grid stability and reliability through enhanced syncing of
electricity supply to demand in real-time.®® Smart solar mini grids utilise
both digital hardware and software technologies that interact with one
another. Digital hardware includes smart meters (and demand limiting
devices), smart inverters, and smart controllers. Software solutions are
designed to optimise the use of digital hardware by adding capacities®®
to balance and manage the energy system functions for:

Generation and storage — such as solar energy forecasting
algorithms, intelligent battery management, and optimal hybrid
operations.

Distribution and control — such as remote monitoring and smart
maintenance.

Demand-side management - such as demand forecasting algorithms,
mobile payments, and peer-to-peer electricity sharing (where
prosumption is allowed).%’

Other digital systems such as Supervisory Control and Data Acquisition
(SCADA) and Internet of Things (IoT) consist of both hardware and
software components. SCADA systems support developers by providing
monitoring and control in real-time of solar mini grid equipment and
operations and sending notifications when things are out of order.

loT systems interconnect embedded sensors that record and transfer
data collected from the equipment as well as the environment via

the internet, with data then being analysed to support with predictive
maintenance and automated decision-making.

The following sub-sections discuss the evolution of the smart grid and
the different digital tools they employ in detail.

52 |EA, 2023aq.
53 |EA, n.d.b.
54 |IRENA, 2020.
55 |EA, n.d.c.
56 |EA, 20230.

57 Adapted from Mereu, 2022.
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4.1. Evolution of the smart grid

First generation mini grids emerged more than a century ago in highly
populated urban areas or where there were lower costs associated with
supplying electricity. They were critical to the industrialisation of rising
economies including China, the United Kingdom, and the the United
States.5® Over time, increasing demand and better technologies enabled
the construction of bigger generation and distribution systems that
later connected to form the main grid. The smaller mini grids that had
initiated this evolution were later either integrated into the expanding
main grid or were left stranded.

Second generation mini grids emerged in lower-income countries.
They started by establishing the main grid and deployed large
generation and distribution systems in urban centres, as these
technologies had already matured around that time. Due to socio-
economic and logistical constraints, however, they were not able to
connect rural and remote areas to the main grid. As a result, second
generation mini grids were designed to electrify unserved communities.
These typically used hydropower or diesel and were operated locally
by communities or non-governmental organisations (NGOs). When the
main grid arrived (if at all) in these areas, the mini grids were either
abandoned or integrated into the main grid.

Third generation mini grids arrived in recent years. These smart mini grids
are different from the second generation as they are primarily dominated
by modular technologies, such as solar PV, and apply the latest digital
technologies and solutions to support better matching of electricity
demand and supply in real-time. This is important given the variable
nature of solar irradiance as an energy source and it helps reduce

costs and maintain the stability of the grid. Smart mini grids are usually
designed to be grid-interconnection ready and are increasingly being
operated by private developers. Figure 9 illustrates a smart mini grid.

Figure 9 Evolution of the smart grid

Second generation mini grid
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58 ESMAP, 2022.
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For FCS, smart mini grids hold great potential. Digital technologies

such as smart meters and mobile payment systems reduce the need
for costly and logistically challenging on-site visits. By enabling remote
management of energy generation and consumption, these digital tools
help lower operational costs and improve the reliability of electricity
supply, which is critical in regions where physical access is limited.
Additionally, for the first time, it is possible to have electricity generation
that is completely renewable, which reduces reliance on diesel
generators that are often expensive, difficult to maintain, and depend
on complex fuel supply chains that may be controlled by conflicting
parties or political interests making them unreliable.

4.2. Digital hardware

A challenge with solar energy is its intermittency, i.e., it reduces when
the sky is cloudy, at night, and across seasons. Digital innovations in
standard solar mini grid hardware have helped address this problem
to a great extent by monitoring, regulating, and stabilising the voltage
and frequency of the solar power generated. This can minimise losses
and optimise utilisation. Digital payments through smart meters have
enabled remote bill payment, reducing the need to maintain a bill
collection team on the ground, which is valuable in areas with limited
mobility, logistical challenges, and insecurity.

59 Adapted from IRENA, 2020.
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4.2.1. Smart PV and battery inverters

Traditional PV inverters simply converted direct current (DC)

generated by solar energy to alternating current (AC), which almost all
conventional appliances require to operate. As solar mini grids grow in
scale (and especially where developers have a geographically clustered
portfolio), smart PV inverters assist with the stability of the mini grid
(which may be compromised due to the intermittency of solar power) by
regulating the voltage and frequency. They do so by going on standby
mode and riding through small disturbances in voltage and frequency
or turning off if the disturbances are prolonged.é® This functionality
becomes increasingly important with the rise of extreme weather
events. In addition, where the third generation mini grids are designed
to be grid-interconnection ready, smart inverters can facilitate the
inclusion of renewable energy into the traditional energy mix when (if at
all) the opportunity to connect to the main grid arises, thereby reducing
the need to develop expensive new grid infrastructure and supporting
countries in meeting their clean energy targets.*!

Battery inverters, on the other hand, convert the AC generated by PV
inverters back to DC to be stored in the batteries when excess solar
energy is produced. It then converts the DC stored in the batteries back
to AC when discharging to end-users at a later stage when solar energy
generation is low (e.g., during cloudy days or at night). Smart battery
inverters can autonomously manage efficient energy distribution by
consistently maintaining the voltage and frequency of the electricity and
controlling for fluctuations and damage to end-users' electric devices.®?

Smart PV and battery inverters can be separate hardware components
or a single hybrid hardware that can intelligently manage the flow

of electricity between solar panels and the batteries. This improves
performance as there are fewer power conversion steps required.®

For instance, in Tanzania, PowerGen, a renewable energy company, has
been using smart inverters to coordinate a pair of solar panel arrays
and battery systems half a kilometre apart to provide uninterrupted
electricity supply to households and businesses in a small village of
2,000 people. The inverters support with monitoring and regulating the
frequency of the mini grid, directing excess energy to batteries when
generation is high and to end-users when generation is low.%

L.2.2. Smart controller

Smart controllers support with harmonising coordination between the
different components of a mini grid. They do this by:

Efficiently distributing energy within the mini grid through monitoring
and regulating the available energy resources for optimal utilisation,
so that energy losses are minimal and operational costs are reduced.

Ensuring that the solar energy potential is utilised to the full extent
possible where the developer is using diesel gensets as backup, so
that the use of non-renewable sources is minimised.

60 Invertor.com, 2020.

61  |EA, n.d.c.

62 SMA, nd.

63 USAID, n.d.

64 Renewable Energy World, 2020.
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Taking corrective measures when the mini grid operates beyond
the defined thresholds to maintain the stability of the mini grid and
reduce the probability of power outages.

In instances where the mini grid is connected to the main grid (although
this may be an unlikely scenario in FCS), smart controllers ensure that
the mini grid continues to operate whenever there are disruptions to the
main grid.®s

L.2.3. Smart meters

Smart meters can transmit data to and from the solar mini grid to the
end-user wirelessly through short message service (SMS) or internet
protocol via mobile phone networks or through satellite where there

is no mobile network penetration.®® Smart meters can accommodate
both pre-paid and post-paid features and gather data on end-user
consumption and payment patterns, as well on electricity quality and
reliability. They support with remote monitoring and meter reading,
substantially reducing electricity theft and labour costs associated with
bill collection.®” Non-paying end-users can be remotely disconnected.
Consumption data collected can assist with scheduling loads efficiently.
Smart meters can alert operators to electricity quality issues so that
local technicians are mobilised to address the problem in a timely
manner before it escalates. Box 6 discusses SteamaCo's journey from

a smart meter provider to providing backend digital solutions for bill
collection.

BOX 6 STEAMACO

SteamaCo was launched in 2012 in Kenya with the vision to provide
reliable and affordable electricity to unconnected communities.
The company started with building wind turbines from scrap
materials and then transitioned to establishing solar mini grids
across various locations in East Africa. A major challenge that
they faced in their operations was collecting cash payments for
the electricity sold from the solar mini grids. To address this, they
searched for a smart metering solution that would work in the
African context and, when unsuccessful, they built a smart meter
and the backend cloud-based system themselves.

Simultaneously, other mini grid developers operating in Africa

were facing similar issues with collecting payments as SteamaCo.
Especially in areas that lacked internet coverage or suffered from
unreliable access, there were lags between when the end-user made
a payment and when their electricity was switched back on (i.e.,
pay-to-power), potentially affecting developers' credibility with
end-users. SteamaCo pivoted to selling turn-key smart metering
solutions to these developers, using its own hardware.

65 Mesa Solutions, 2023.
66 Duren et. al, 2020.
67 ESMAP, 2022.
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Over the years, however, varied smart meter hardware compliance
requirements in different countries' jurisdictions, combined with
the increasing competition and improved functionality from
Chinese-manufactured meters, presented both a challenge and an
opportunity for SteamaCo. This market shift convinced SteamaCo
to move their strategic focus to develop deeper expertise as an
interoperable cloud-based software company integrating with a
wide range of third-party smart meters.

SteamaCo's smart metering solutions to mini grid developers now
include:¢®

Remote management of energy performance at the site- and
end-user-level in real-time (every 15 minutes), which reduces the
number of on-site visits required.

Bill payment through mobile money, point-of-sales agents, or
through SteamaCo's Agent app that the mini grid's local staff can
use to collect cash. End-users can access electricity in a minimum
of three minutes after payment has been made.

Support with dynamic tariff pricing to encourage end-users to
increase or decrease their consumption at different times of the
day, by reducing or raising tariff respectively.

Allowing remote switch-off. For example, in Myanmar, households
were allocated 15-minute slots to use their rice cookers to avoid
everyone using them at the same time in order to maintain
stability of the systems when electricity availability was low.

Support with demand stimulation by enabling visibility over credit
and payment history of end-users to identify those who could

be targeted for leasing appliances (such as mobile phones,
televisions, refrigerators, welding, grain milling, etc.).

Support with managing end-user relations, e.g., through allowing
communication in nine languages and providing end-users access
to check their balance via mobile phone.

SteamaCo continuously aims to innovate. They are looking

to develop weather forecasting and battery management
functionalities, as well as exploring carbon credit registration for
electric cooking.®® At the same time, they are working towards
making sure their services are affordable, including looking at
solutions to minimise expensive and volatile data costs.

68 SteamaCo, n.d.
69 Gunning et al,, n.d.
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4.3. Digital software

Digital software technologies are applied to smart digital hardware in
order to optimise their functionalities across the lifespan of the solar
mini grid, as discussed below.

4.3.1. Generation and storage

Solar energy forecasting — Solar power forecasting plays a crucial

role in addressing the challenges posed by solar energy's intermittent
nature. Traditional methods for predicting solar energy were a
laborious exercise based on manual calculations of historical data and
meteorological- and weather-related parameters and applying simple
assumptions that were often prone to errors.” The latest machine
learning algorithms have revolutionised solar energy forecasts by
increasing the precision and accuracy of solar energy forecasts.

When trained on historical solar electricity generation data and relevant
meteorological- and weather-related parameters, they can identify and
predict patterns about future solar energy production.

Intelligent battery management — Battery management systems play
a critical role in efficient regulation and utilisation of the intermittent
electricity generated from the solar panels, and matching this to
fluctuating electricity demand through efficiently managing energy
storage in batteries. They optimise energy storage and utilisation
through advanced algorithms and artificial intelligence, thus ensuring
that end-users receive a continuous power supply as and when
needed. They help expand the lifespan of batteries from premature
wear and tear by preventing overcharging and, as a result, reduce
how often batteries need to be replaced. Developers have access to
comprehensive insights on end-user electricity consumption patterns
through the real-time monitoring and data analysis these systems
provide. An added feature that some of these systems have is the
capability to remotely monitor electricity storage.”

Optimal hybrid operations — Due to the variable and random nature of
solar energy, developers at times maintain diesel generators as back-

up in addition to battery storage. For smart mini grids that use diesel
generators as back-up, controllers support with optimising the utilisation
of renewable resources so that fossil fuel consumption remains low.”

4.3.2. Monitoring and control”

The ubiquitous presence of sunlight and the declining costs of key

solar mini grid equipment (especially solar PV and batteries) has led

to increased deployment of solar mini grids as a solution to address

the energy access challenge in remote and hard-to-reach places.

While this is encouraging, the remoteness of locations where the

mini grids are often installed can create significant operational and
maintenance (O&M) challenges for the developer. There are three broad
categories of O&M costs that a developer incurs that can arise from:

70 Chehriet. al, 2023.

71 Adapted from Gerchamp, n.d.
72 Fritzsche et.al, 2019.

73 Adapted from AMMP, 2018.
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Component repair and replacement — Solar PV panels, batteries,
meters, distribution cables, etc. undergo the usual wear and tear over
the lifetime of the solar mini grid (usually 20 plus years). Batteries,
especially, lead-acid batteries have a lifecycle of 5 to 10 years

and need to be replaced more frequently than other components.
Other factors such as extreme weather events and, in the case of
FCS, targeted attacks on electricity assets, can shorten the average
lifespan of the components and make the need for the repair and
replacement earlier than planned, thereby increasing costs and
affecting the profitability margins of developers.

Logistics — Remote locations of solar mini grids means that there

are significant costs associated with conveyance for site trips for
scheduled or unscheduled maintenance. Site trips are conducted

to carry out repair and replacement of equipment and when prior
information about the complexity and urgency of the issue is unknown
or incomplete, making it difficult to determine beforehand if the site
visit was indeed required. In FCS, mobility may further be restricted

if the areas serviced by the mini grid or route to the service areas
becomes unsafe and travel distances to the site become longer to
circumvent regions of unrest.

Labour — This comprises the highest share of O&M costs and is
associated with the time labour spends on identifying and rectifying
problems as well as the time taken for any ancillary actions required
(such as procurement to repair or replace damaged components,
etc.). Furthermore, skilled labour may not be easily available close to
the site, increasing the time and cost of problem redressal.

These O&M costs can be reduced by maintaining the health of the
energy systems to prolong the longevity of the equipment; identifying
promptly when issues require urgent site visits and which can be
combined and performed during pre-scheduled on-site visits; and
managing more efficiently the average time allocated to resolve
problems so that the assigned labour can undertake more tasks with
the time saved, thereby reducing personnel costs.

Digital solutions for remote monitoring can assist with reducing
these O&M costs. These solutions are provided either directly by the
manufacturers of solar mini grid components (such as sensors, smart
meters, and PV and battery inverters, etc.) or by third-party providers.
Parameters are monitored remotely and in real-time to ensure that
they remain within expected ranges, including PV generation, battery
voltage and storage levels, energy system and ambient temperature,
and end-user energy consumption. The data collected is used to
create deeper operational insights through advanced analytics.

For instance, advanced monitoring solutions can help maximise the
lifetime of batteries by monitoring battery temperature to ensure it

is within acceptable threshold by assessing the effectiveness of the
cooling systems and preventing over-discharge by triggering load
shedding (i.e., shutting down power).
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Remote monitoring reduces the need for site visits that would otherwise
have been carried out if there was no remote monitoring. Examples include
identifying which device had undergone the short circuit that raised an
overload alert on the inverter; locating a damaged cable by identifying
where the voltage has dropped between different distribution nodes;

and assessing whether there is sufficient load capacity when a

business end-user wants to add a new productive use appliance.

Remote monitoring supports reduction in labour costs by providing
technicians real-time access to data and advanced algorithms that can
analyse interdependence between a range of parameters for pre-emptive
maintenance and prompt redressal. For example, irregular PV performance
can be identified by linking solar irradiation to solar generation output

and locating a power cable issue can be done accurately by comparing
the voltage level from the inverter installed at the mini grid and the smart
meter installed at the end-user premises. A study looking at the impact of
remote monitoring of a portfolio of eight mini grids in rural Tanzania found
that the cost of O&M reduced significantly by 30%.

4.4.3. Demand-side and customer management

Demand forecasting - Demand forecasting is the method of predicting
end-user demand of electricity over time.” Measuring end-users'
electricity consumption is tricky because it is not constant over a period
of time, but rather fluctuates during the short term (such as during
different times of the day) and is seasonal over the long term (when
considering a year). The main parameters influencing demand are:

Forecasting timeline, i.e., the time period for which the demand is
being projected.

Socio-economic factors, such as population growth, electricity cost,
economic development, etc.

Weather conditions, such as temperature, irradiance, humidity, wind
speed etc.

Customer characteristics, in particular, customer type (residential or
commercial and industrial), equipment and appliance ownership, etc.”®

Uncertainty of end-user behaviour makes demand forecasting challenging.
Machine learning techniques can be leveraged to improve future demand
projections. Accurate predictions of future demand help developers better
estimate load forecasts, i.e., how much electricity will be needed at a
particular time.” This helps prevent waste and inefficiency, reduces stress
on the energy system, and expands the overall lifespan of essential mini
grid components, especially batteries.” Improved demand forecasts also
allow the developers to implement flexible tariffs whereby algorithms

are used to alter electricity prices throughout the day depending on

the energy that is being generated in order to divert non-essential
consumption during busy hours and incentivise consumption during
times when sufficient electricity is available.”

74 Aguiar-Pérez, 2023.
75 Ibid.

76 McGrath, 2024.

77 Fritzsche et.al, 2019.
78 Aguiar-Pérez, 2023.
79 Fritzsche et.al, 2019.
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Digital payments — These refer to all non-cash payments that are
initiated electronically.® It is important for developers is to ensure that
bills from the end-users are collected promptly and there are different
ways this can be done digitally. Over the years, mobile money has
emerged as a significant contributor in the expansion of electricity
access because of the utility it provides to all the three parties involved
in the transaction:

For end-users, the option to use mobile money eases the process of
making payments for electricity consumption as it is similar to how
they pay for their mobile service usage.

For mini grid operators, it lowers operational costs by reducing the
need to retain bill collection agent networks and the risks (such as
theft and fraud) associated with handling cash. Furthermore, for
operators looking to expand their business by facilitating loans to
end-users to purchase household- and productive use appliances,
historical digital bill payment information provides useful details to
assess creditworthiness and identify who to target for appliance
purchases.®

For mobile operators, the increasing integration of mobile money
in mini grid business models provides them with an important
opportunity to also diversify their revenues and push higher mobile
penetration and usage.® Moreover, since mobile payments can
only work where there is mobile coverage, mini grid developers
can leverage telecommunication towers as anchor clients.

L4.L. Opportunities and challenges ahead

An important advantage of third generation smart mini grids is that they
can generate electricity purely from renewable sources. In FCS, this

is particularly important as it nullifies the dependency on fossil fuels,
making the systems more resilient. Moreover, fuel transports can be a
target in conflict zones, and conflicting groups and political interests
frequently vie for control of fuel supply chains.

For solar mini grids, digitisation holds considerable promise. Solar
energy generation is dependent on prevailing weather conditions,
leading to unpredictable energy output. Hence, electricity cannot be
generated based on end-user demand.® Digital tools optimise solar
generation through adjusting the operations of the solar panels by
analysing changing weather patterns, for example.?* The intermittent
nature of solar energy also raises the need for developers to maintain
batteries so electricity can be stored for usage during night hours

and in rainy and cloudy weather. Digital tools support optimisation of
battery functionality to increase the longevity of the batteries and delay
the need for repair and replacement. For FCS, where mobility can be
restricted, the option for digital bill payments through mobile money
can greatly reduce the operational costs of developers by removing the

80 Duren et. al, 2020.
81 Ibid.

82 GSMA, 2019.

83 USAID, n.d.

84 Kaplan, n.d.
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need to maintain a bill collection team in the serviced area and
eases the bill payment process for end-users. Remote monitoring
and predictive maintenance can help reduce the number of site
visits required by technicians to address issues that arise, thereby
reducing costs.

In FCS, however, the digital opportunities also come with local context-
specific challenges and limitations. Smart equipment and components
are comparatively expensive and are most likely imported, making
subsequent repair and replacement costly. Given the range of smart
components that go into building a smart grid and the different
manufacturers who make them, interoperability between different
devices may be a challenge. Labour with the skills needed to conduct
O&M for smart equipment may not exist and will have to be trained,
adding to costs. Regulations on equipment specifications and quality
may not exist and, where they do, they may not be fully implemented.
Moreover, it is not only the developer who has to invest in smart
technology, end-users will also have to invest in smart mobile devices,
for example, to fully benefit from digitalisation. Smart mobile ownership
in FCS can be expected to be low due to low affordability levels of end-
users as well as low literacy and digital skills.

Another challenge that exists is the storage and transfer of data.
Embedded sensors can generate a wide array of parameters, but
there is trade-off between the amount of data produced to be utilised
for analytics and improved decision-making to be of value to the
developer, and the costs associated with storage (usually through a
cloud provider, such as Amazon Web Services or Google Cloud, which
charge a service fee depending on usage) and standardisation of that
data.® Moreover, the data that is generated is transmitted over mobile
and internet networks. In FCS, mobile network penetration (per 100
people) is low and was 70% of the global average in 2023.8¢ Similarly,
internet coverage in FCS also lags behind, with 38% of the population
using internet compared to the global average of 63% in 2023.%7 In areas
where mobile and internet penetration is low, satellite communication
can be used to transfer data, but it is a more expensive option.8
Developers figuring out where to deploy smart mini grids would factor
in the ease of transmitting data from the site. It can be expected that
if this infrastructure exists in FCS, it would most likely be established
in relatively better-off and secure areas. Policymakers must assess
whether focusing energy investments in such areas may inadvertently
create sentiments of marginalisation and discrimination against those
areas that are already being left behind.

Lastly, given the huge amount of data created as a result of using digital
technologies, privacy concerns around data acquisition, data storage
and retention, use, and presentation are paramount. Especially in the
context of FCS, failure to protect privacy can result in dire security
implications for individuals and communities.®

85 Energy Catalyst, 2021.

86 World Development Indicators, 2023.
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5. Data protection and confidentiality

Developers collect end-user data when conducting feasibility studies

on potential sites to determine potential demand and the ability of
potential consumers to pay for that demand. There can be different
ways of collecting this data, either through door-to-door surveys,
through surveying a representative sample of the community or
conducting consultative meetings. Once deployed, smart grids generate
large volumes of data through their operations. This data is created by
sensors embedded in smart meters, smart inverters, smart controllers,
etc. This data allows developers to use advanced analytics, enhance
the accuracy of forecasts, and for remote monitoring and control.

However, this also raises questions around the protection and
confidentiality of that data. Realising this, the Alliance for Rural
Electrification (ARE), Africa Mini Grid Developers Association (AMDA),
and Smart Power India launched the Consumer Protection Principles
for Clean Energy Mini Grids in 2019 to protect the rights of end-users,
the majority of whom are rural and poor. The principles focused on six
themes, including one on data privacy that emphasised the security and
confidentiality of end-user data through ensuring consent is acquired
and using that data for necessary business purposes only.?® Beyond
this, effective data management entails training staff on data usage,
compliance, and protection; designing the company data policy to
align with the country's data policy (if one exists); and reviewing and
updating data policies and protocols on a regular basis. Ensuring data
protection and confidentiality may be especially critical in FCS where
data breaches can expose vulnerable populations to harm.

Industry players understand the importance of protecting data and
maintaining privacy. Nuru, a private solar mini grid company with assets
in eastern Democratic Republic of Congo protects their end-user data
by safeguarding security of the servers where data is stored and limiting
access to only those necessary. They ensure that respondent consent

is acquired when conducting surveys. In instances where data has to be
shared with partners, it is only done after a non-disclosure agreement
has been signed and then only for legitimate business purposes with the
aim of improving energy services. Even then, they ensure that personally
identifiable information is not relayed. When data has to be released
publicly, they share aggregated data to prevent exposing individuals.?

Another example is Odyssey, a web-based platform for developers to
design, build, and operate mini grids. Odyssey maintains a high standard
of data integrity as an organisational priority and to comply with client
requirements (such as the World Bank). The platform has been designed
to ensure only the developer and those authorised by the developer
have access to the respective account. In this case, the developer
remains the owner of all the data they upload on the platform with no
oversight from the platform operators.??

90 ARE, AMDA, Smart Power India & SwedFund, 2019.
91 lattoni et. al, Data, technology and e-waste webinar, 24 July 2024.
92 Interview with Odyssey Energy Solutions, 3 May 2024.
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At the same time, however, it is important to acknowledge that data is
critical for generating valuable insights that can create industry-wide
learning and help accelerate electricity access. Government policies
and guidelines on data protection and confidentiality should ensure
that their compliance does not become burdensome for developers
and consequently discourage them from making investments in data
and technology. Sharing of non-personal identifiable data to improve
forecasting and projections on various electricity parameters should
be encouraged.

44 — DATA AND TECHNOLOGY: CHALLENGES AND OPPORTUNITIES FOR SOLAR MINI GRIDS IN FRAGILE CONTEXTS



6. Conclusion

Solar mini grids and digitalisation present critical solutions for
improving electricity access in FCS. One of the key advantages of these
technologies is their ability to leverage geospatial analysis to deliver
accurate and timely predictions without the need for on-site travel.
This is particularly valuable in FCS, where access to remote areas is
often restricted or dangerous. The use of geospatial planning allows
for efficient measurement of electricity access and better planning for
future electrification efforts.

Digital tools for mini grid O&M enhance the viability of these systems in
FCS. Digital technologies such as smart meters and mobile payments
reduce the need for on-site visits or for end-users to travel to make
payment for their electricity consumption. Remote management of
electricity generation and consumption helps lower operational costs
and improve the reliability of electricity supply, which is crucial in
regions where physical access and mobility is restricted.

Solar mini grids offer additional benefits that make them particularly
well-suited for FCS. Unlike central grid infrastructure, which is vulnerable
to damage and destruction in conflict zones, mini grids operate on a
decentralised model. Relying on local renewable energy sources, such
as solar power, makes them more resilient and independent from large,
centralised systems. This is especially important in FCS, where rebuilding
traditional infrastructure can be slow and costly. Solar mini grids can

be deployed much more quickly, enabling faster recovery and providing
essential services especially during reconstruction efforts.

Moreover, solar mini grids help reduce reliance on fossil fuels and

diesel generators, which are often expensive and difficult to obtain in
conflict-affected areas. Diesel supply chains are frequently controlled
by conflicting parties or political interests, making them unreliable.

By shifting to local renewable energy sources, mini grids provide a more
sustainable and cost-effective alternative, while also contributing to
global climate goals by reducing carbon emissions.

Solar mini grids combined with digital tools offer a powerful solution for
achieving SDG 7 in FCS. Their ability to bypass the need for vulnerable
central grid infrastructure, reduce operational costs, and provide a
resilient and sustainable energy supply makes them a vital enabler for
expanding electricity access in some of the world’'s most challenging
environments.
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7. Policy recommendations

Digital solutions have created a pivotal opportunity to tackle the energy
access challenge. Their implementation will require concerted efforts by
key stakeholders who can play a critical role in creating conditions for
their effective deployment and scale-up.

7.1. Recommendations for policymakers

1. Develop a technology-neutral national electrification plan that goes
beyond the usual least-cost electrification thinking and is sensitive to
the inherent risks prevalent in FCS. Engaging private sector actors in
developing the electrification plan can assist with better integration
of on-the-ground realities and experiences and can assist planners
with setting realistic timelines to achieve national electrification
targets. For instance, it may make logistical sense to focus initially on
areas least affected by unrest where mini grids are more financially
viable as they could attract private investment. However, such
decisions need to be grounded on existing socio-economic dynamics
to prevent further alienating marginalised groups.

2. Build transparency around the national electrification plan to the
extent possible. The knowledge on where and when grid expansion
would take place can hugely support solar mini grid developers to
identify potential sites and build business models. However, in the
context of potential spoilers in FCS exploiting public information
for their purposes, the decision on whether to make the national
electrification plans public or share access to relevant stakeholders
would be subject to the local political economy context.

3. Develop regulatory frameworks that encourage and facilitate the
use of digital technologies through:

Enabling financial regulations that allow developers to charge
tariffs that make investments in digital technologies financially
viable.

Establishing quality standards for digital technologies.

Setting clear data privacy and confidentiality guidelines for end-
user protection so developers can design their internal data
protocol accordingly. At the same time, encourage the sharing
of non-personal identifiable data to improve forecasting and
projections on various electricity parameters and facilitate
industry-wide learning.

4. Use digital platforms for tendering and procurement of portfolios
of mini grid sites, for monitoring and verification of performance and
quality indicators (e.g., in instances where result-based financing is
operational) to support greater transparency for developers and
better oversight for donors and financiers.
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When geospatial electrification plans are developed by third parties
(as is often the case), government should require that these third
parties build the capacity of the government counterparts who will
be responsible for maintaining the database and the electrification
model.

7.2. Recommendations for solar mini grid developers

Work with relevant government counterparts to streamline the use
of digital technologies within the project lifespan and work with
serviced communities to design digital solutions that address their
needs.

Build the capacity of serviced communities to understand the
benefits of digital technologies and how to use them and train them
so that repair and maintenance can be undertaken locally.

Share data, within the confines of the established ethical standards,
with government partners and donors to help them with evidence-
based decision-making and for reporting purposes. Data that can be
shared should be shared with peers to foster learning within the mini
grid community, with partners where there is a legitimate business
need, and with the general public for their awareness.

7.3. Recommendations for international organisations

Establish a common framework and build consensus on data
sources, collection methods and assumptions, to enable improved
measurement of electricity access data.

Create and earmark funding streams for digital technologies and
solar mini grid projects that apply digital solutions to encourage
greater diffusion.

Design tenders that require developers to incorporate digital
technologies in their business plan in cases where digital solutions
can yield comparative advantage for the developer and the serviced
community over the standard mini grid design.

Incentivise ethical sharing of data through supporting the creation

of centralised data repositories for solar mini grid projects they fund.
The data stored can be analysed to create insights and knowledge for
the broader solar mini grid sector and context-specific solutions for
affected communities. Relevant data can also be made accessible to
key stakeholders and, where possible, the public.

Build the capacities of governments and developers to better
understand, interact with, and apply digital technologies.
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