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In the context of access to electricity, mini-grids have emerged as an

electrification strategy in the developing world. However, various tech-

nical, economic, sociopolitical and governance issues militate against

the sustainability of mini-grids. Sustainability here is defined as the

ability of mini-grids — specifically, those powered wholly or partly by re-

newable sources - to meet present and future needs for domestic and

productive energy uses in a reliable, accessible, efficient and cost-

effective manner. The purpose of this paper is to critically review and

synthesise the available literature on the technical sustainability of mini

-grids with a special emphasis on Sub-Saharan Africa (SSA), and high-

light lessons for mini-grid projects in the region

Scope element

Inclusion criteria

Exclusion criteria

Comments

Electricity systems

Mini-grids

Centralised, on-grid elec-
tricity;

Decentralised electricity
through stand-alone sys-
tems e.g. solar home sys-
tems, diesel generators or
solar lanterns

Mini-grids are defined as “localised power networks,
distributing electricity to a defined area, which can
consist of just a few customers in a remote settle-
ment, or hundreds of thousands of customers in a
town”. The search included mini-grids from all gener-
ation sources, including renewable energy technolo-
gies, a combination of renewables and fossil fuels
(hybrid-mini-grids), and fossil fuels. Articles that com-
pared the performance of different types of mini-
grids were included.

Geographical scope

Low and middle-income

High-income countries

countries higher priority, the review also drew from a wide evi-
dence base in other developing countries.
Publication date 2000 onwards Pre-2000 studies The literature about access to electricity mini-grids

While studies from Sub-Saharan Africa were given

before this date is virtually non-existent

Publication format

Journal articles, working
papers, evaluations, insti-
tutional reports, special-
ised news outlets.

Other (books, book chap-
ters, student papers, dis-
sertations, unpublished
works)

Specialist news outlets can capture the current per-
formance and constraints of mini-grids faster than ac-
ademic and institutional literature. This allowed us to
take the pulse of the sector alongside robust peer re-
viewed studies.

Methodological approach

Primary and empirical
studies that employ quan-
titative or qualitative data
to address our research
questions.

Secondary, theoretical,
simulations or conceptual
studies

The quality of the evidence provided by the literature
reviewed was assessed according to the framework
presented in Section 5.

Aims of the study

The literature addresses
one or several of our re-
search questions and sub-
questions

Other (i.e. technical de-
sign of mini-grids; least
cost electrification plan-
ning or other planning
studies; sizing of mini-

grids)

Publication language English and French Other English and French are spoken in many Sub-Saharan
African countries, and literature about the sub-region
is expected to be mainly available in one of both lan-
guages.
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This review of technical sustainability indicates that technical sustaina-

bility is multi-dimensional, and while a wide range of indicators have

been considered, several issues remain. First, the ability of the indica-

tors to measure the desired effect is not always clear. For example, the

comparison of consumption with the regional average used in Rah-

mann et al. (2016) or the prescriptive thresholds for different tiers used

in the MTF framework are difficult to justify. Second, data availability

limits the application of very data intensive frameworks. A framework

that can provide a reasonable picture of the technical sustainability

need not be too complex or impose too much demand on data. Third,

the framework must consider long-term perspectives and respect re-

newability and future demand growth.
be easy to use and interpret and shoulc

~ourth, the framework should

allow comparison across differ-

ent mini-grids at a specific time and at different points in time. A sim-

ple index is suggested below. Five weighted indicators are used in the

framework, namely adequacy, availability, reliability, renewability and

quality.
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Measures Indicators Weight Base (=1) Standard (=3) High (=5)
Adequacy Ability to meet demand | 60% Barely meeting the de- | Meeting most of the time | Always meeting the de-
now mand mand
Reserve margin 40% 0-5% margin 10-20% margin 25% margin
Availability Duration 50% Only for limited or re- Available during specified | On demand (anytime)
stricted time hours
Peak capacity 50% Basic lighting and Supply to support com- Supply to support aspira-
phone charging monly used appliances tional needs
Reliability Average number of inter- | 40% <1 per week <1 per month <2 per year
ruptions
Average duration of in- 60% <10 % of time <5% of the time <1% of time
terruption
Renewability % of renewable supply 100% <50% 50-80% 80-100%
Quality Average number of volt- | 50% <10 per day <5 per day <1 per day
age excursions
Frequency variations 50% +/- 2Hz +/- 1 Hz +/- 0.5 Hz
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