





























The Clean Energy Mini-Grid Policy Development
Guide is a tool that helps policymakers to tailor mini-
grid policy to country-specific contexts. It guides pol-
icymakers through the relevant decision making pro-
cesses and provides background information where
required. The guide can be seen as an update to the
widely used Mini-Grid Policy Toolkit 2014, incor-
porating lessons learned from developments in the
mini-grid sector in the intervening years. Its rationale
and messages are widely applicable, but are particu-
larly suited to the Sub-Saharan African context.

Chapter 2 of this guide introduces a number of key
decisions that need to be taken by policymakers as
they move towards designing the mini-grid frame-
work that is most appropriate for their country’s
context. At the same time, fundamental economic
relationships and interdependencies between stake-
holders in the mini-grid sector are presented, while
the guide also suggests which constellations are
feasible and lead to long-term sustainability in mini-
grid operation and which do not. From this under-
standing, a decision tree for policymakers is derived,
showing which combination of key decisions leads to
which outcome, with regard to the following:
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1. Government control over mini-grid operation and
assets.

2. Required levels of public funding.

3. Resulting electricity retail tariffs.

4. Legal documents and tools to be prepared.

While the policy strategy is determined based on a
process as described in Chapter 2, Chapter 3 sup-
ports the policymaker in implementing the strategy
in the form of tender documentation, tariff setting
methodology and licensing approaches. Building
on this, the chapter discusses the essential features
that ensure a balanced policy environment in the
mini-grid sector, and provides links for templates for
some of the key tools and documents that already
take these essential features into account.



Chapter 4 takes a nuanced look at national planning,
with particular emphasis on the debate on national
goal setting. This guide uses “delivery models” to
explain the different options of policy strategies. The
term “delivery model” describes the way in which
mini-grids are implemented and operated, by whom
and with which financing instruments. It should be
noted that the delivery models presented in this
guide are not exhaustive. The same applies to poli-
cies supporting these business models.

The guide shows that sustainable mini-grid business/
delivery models require scale, i.e. an entity that man-
ages a large number of mini-grids and an even larger
number of customers. As a result, delivery models
such as the community model, which are unlikely to
be scalable, are not considered in this guide.

While this document is not exhaustive, it provides
an overview of the most important aspects of mini-
grid policy. With this, the partners hope to support
national policymakers accelerate mini-grid deploy-
ment and to help guide national debates and deci-
sion making on rural electrification policies and
frameworks.
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2. POLICY DEVELOPMENT

GUIDE FOR DECISION-

\MAKERS

Mini-grids have become a viable option for providing
reliable and high-quality electricity to rural populations
and businesses. In total, 47 million people worldwide
are already connected to 19 0oo mini-grids, of which
at least 2577 are operational clean energy mini-grids
(ESMAP, 2019). As economies of scale gradually
take hold in the mini-grid sector, and the costs of
photovoltaics and batteries decrease over time,
overall system costs are falling. At the same time,
the progressive use of information technology (IT)?,
togetherwith mobile payment schemes and consumer
protection measures, improve the reliability and
offtake of power in mini-grids, thereby generating
increased revenues. With falling costs and increased
reliability, mini-grids have become more attractive to
both the public and private sectors.

The positive experience of early adopters in countries
such as Nigeria® has attracted more investors to
the sector. This dynamic created a virtuous circle
in which mini-grid companies are now ready to
expand their operations. This is urgently needed,
as a total of 180000 additional mini-grids need to
be built to supply electricity to 440 million people
if the overarching objective of universal access to
electricity by 2030 (ESMAP, 2019) is to be achieved.

Governments of countries such as Nigeria, Kenya,
Uganda, Zambia, Sierra Leone and Senegal-among
others—have recognized mini-grids as a cost-effec-
tive and quickly implementable solution for promot-
ing the development and industrialization of rural
areas, supplying reliable electricity to hospitals,
schools, police stations, government offices and reli-
gious institutions, and connecting the surrounding
households and businesses to decentralized distri-
bution systems.

All the countries outlined above have either carried
out or are in the process of carrying out a decision-
making process aimed at developing their unique
mini-grid delivery models and associated policy
frameworks, which are tailored to their country-spe-
cific conditions.

This chapter aims to provide guidance to interested
governments on the selection and development of
appropriate mini-grid delivery models. The assis-
tance should help the governments to achieve their
countries’ respective electrification and development
goals within the specified time frames on the basis of
accelerated rural electrification measures.

2 Examples: mobile money integration, remote monitoring and control, customer relationship management systems, digital call centres,
Geographic Information Systems (GIS), ERP systems, etc. Examples: mobile money integration, remote monitoring and control, custo-
mer relationship management systems, digital call centres, Geographic Information Systems (GIS), ERP systems, etc.

3 In 2016, Nigeria was among the first countries to pass a specific mini-grid regulation
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2.1 |

The following subchapters guide the reader through
various fundamental decisions that policymakers
may make when developing and implementing mini-
grid policy. These decisions are based on mini-grid-
specific economic mechanisms, legal dependencies

CROSS-CUTTING DECISIONS

between stakeholders and business opportunities
that are briefly introduced for each topic on which a
policymaker needs to take a decision.

2.1.1 | THE UTILITY OF MINI-GRIDS - WHERE AND HOW TO DEPLOY

Until the late 2010s, mini-grids were regarded as one
of a number of technology options to supply as many
rural citizens as possible with electricity at the low-
est cost possible under the so-called “least cost elec-
trification” approach. Mini-grids found their place in
between solar home systems and main grid exten-
sion, depending on population density and distance
from the main grid. The preferred operator of mini-
grids was considered the entity that could best guar-

Recent approaches have used mini-grids as a stra-
tegic tool to establish and actively promote specific
rural industries based on locally available resources,
in order to significantly advance the development of
a particular community or district4. Mini-grids are
therefore becoming an integral part of governments’
rural industrialization strategies. The approach
underlying this strategy will henceforth be called
“fourth generation mini-grids” (see text box).

antee a reliable power supply at the
lowest cost, be it the private sector, a
government agency or the community
itself.

In many cases, mini-grids remain the
cheapest and fastest solution for the
electrification of rural towns and vil-
lages; Further, knowledge of their
potential impact on local and national
economies has evolved. As a result,
pure “least cost electrification” is now
complemented by considerations of
“maximum economic impact”.

Geospatial analysis for integrated
rural electrification planning begins
by considering the geolocation of ele-
ments such as agricultural and mineral
resources and the geolocation of criti-
cal government infrastructure.

Fourth generation mini-grids

First generation mini-grids powered by diesel, steam

or hydro were hybridized with renewable energy
technologies in the second generation. The third
generation introduced information technology to the
sector, improving efficiency in tariff collection, remote
monitoring, customer management and automatic
operation. The fourth generation uses fully automated
third generation mini-grids as a tool with which to tap
into or establish new value chains outside of service or
product sales to rural customers. The key drivers are
those synergies between the business lines that lead

to competitive advantages for the operator. Examples

of fourth generation mini-grid business models include
the multi-utility model, which uses mini-grid staff to

also manage government infrastructure, the KeyMaker
model, which pre-processes rural goods in mini-grids to
establish logistical channels to trade hubs, the agri-hub
model, which promotes the latest farming practices, such
as drip irrigation in horticulture, and the anchor customer
model.

4 This type of approach is currently being developed for roll-out in Ethiopia.
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FIGURE 1. PRESENTATION OF THE MOST SUITABLE ELECTRIFICATION SOLUTION ACROSS THE RURAL-

URBAN AND LOW TO HIGH AGRO-INDUSTRIAL DIVIDE

In this regard, it is of significant importance to
understand which entity delivers the electricity and
whether or not the entity is capable of making use
of the opportunities of rural industrialization in the
best interests of the respective government. A pol-
icy framework may be based on a variety of delivery
models that are chosen with the aim of achieving dif-
ferent objectives (e.g. least cost electrification and
rural industrialization), as shown in the following
figure.
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The choice made for each of the least cost electrifi-
cation and rural industrialization planning branches,
as outlined in Figure 2, in turn influences the set of
policies and regulations to be put in place. As will
be highlighted in the course of this guide, the mini-
grid delivery model also determines the level of tar-
iffs charged to rural customers, as well as the scope
and type of financial support required for successful
mini-grid deployment.

High-Agro-Industrial
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FIGURE 2. FROM RURAL ELECTRIFICATION AND DEVELOPMENT TARGETS TO POLICY FRAMEWORK AND

GRANT FUNDING SCHEME. Source: INENSUS

A mini-grid delivery model is defined as the method
by which mini-grids are rolled out (delivered). It
answers the following questions: Who delivers and
installs the mini-grid? Who pays for the mini-grid
assets and by what means (grant vs. private invest-
ment or a mix of the two)? Who owns the assets and
who is responsible for replacement or extension
investments? Who operates the mini-grids and per-
forms customer service?

The most popular and most scalable delivery models
are considered to be the following:

e EPC/utility — A government or national utility
contracts a private company to supply and install
mini-grids. The national utility subsequently takes
over the operation of the mini-grids.

e ESCO - The government finances and owns the
mini-grid assets, which are installed and/or
operated by a private company or cooperative.
Tariffs charged to electricity customers (plus
optional government operating expenditure
(OPEX) grants) cover the private operator’s costs
of operation, including profit.

e Split asset — The distribution network is financed
and owned by the government. The private sector
or cooperative operator finances, builds and owns
the generation assets and operates the entire
mini-grid. In a slight variant of this model, the
private sector receives a grant to partially finance
the generation assets, which will be referred to as
the “hybrid split asset/grant” model.

e Private with capital expenditure (CAPEX) grant
- The private sector or cooperative mini-grid
operator finances, installs, owns and operates the
mini-grid assets and receives a CAPEX grant from
the government.

In practical implementation, there are different ver-
sions of the above-listed delivery models, and com-
binations often occur. Community-driven models are
not mentioned here, as they are not discussed in
detail in this guide. For the sake of simplicity, coop-
eratives, which are managed like private companies,
are listed below under the private sector models.

Policy develoment 15



2.1.2 |

The political decision-maker can decide
either to support a pure least cost
electrification approach or to use mini-grids
purely as an instrument to achieve rural
industrialization goals, or else to promote a
combination of both approaches. Based on
the decision outlined above, the preferred
spectrum of mini-grid operators and associ-
ated business models may be determined.

As outlined in Chapter 2.1.1, all mini-grid delivery
models involve the private sector, whether as a
vendor and installer, as a partner in a public-private
partnership (PPP) or in the fully private sector driven
deployment of mini-grids. The involvement of the
private sector in the selected mini-grid delivery
model can increase the efficiency and quality of
services and mobilize financial resources for mini-
grid development. In general, the private sector
is geared towards financial sustainability and
profitability. In order to attract the private sector to
mini-grids, it is therefore essential firstly to design an
overall package for risk and return that is attractive to
private companies. In this package, competition and
regulation can be used to minimize cost, tariffs and
required subsidy.

On the return side, the package may require private
investment (equity and debt), provide capital grants
and/or subsidies to finance the capital costs of
building and operating mini-grids, while ensuring a
tariff level that is both affordable for end users and
financially viable for mini-grid operators. In order to
maximize private sector investment and the rate of
connections operational and investment risks need
to be mitigated. This includes ensuring the long term
stability of regulation and legislation, minimizing
termination risk and ensuring that subsidies/grants
are reflective of the demand profile of consumers,
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DELIVERY MODELS - THE DEGREE OF PRIVATE SECTOR INVOLVEMENT

mitigating off-taker risk. A lower risk perception
leads to lower return expectations and makes
any competition and regulation more effective.
See Chapter 2.1.5 for further information on risk
mitigation through policy design.

The identified mini-grid delivery models can be
distinguished according to the following:

1. The degree of government control over key
aspects of electricity supply, such as tariff levels
vs. quality of service.

2. The operational and capital subsidies required for
the successful implementation of these models.

3. The tariff levels to be charged to customers to
make the respective delivery model financially
viable.

The following figure describes the respective
dependencies between public funding mechanisms
for CAPEX and OPEX subsidies and the resulting tariff
levels, based on the degree of government control
as it would be either presumed or correspondingly
required. Government contributions to the financing
of mini-grids generally decrease as the private sector
contribution increases. This applies to both CAPEX
and OPEX. Higher CAPEX subsidies allow lower tariffs
(see left side of Figure 3). Currently, OPEX is typically
only subsidized in the EPC and ESCO model and only
in rare cases in other models. As tariffs increase, the
need for OPEX subsidies decreases. (see right side
of Figure 3).

The total amount of government resources allocated
to the development of mini-grids is also relatively
consistent with the level of control that a government
would (wish to) exert over the operation of the
mini-grid. For delivery models with higher degrees
of government control, the public sector needs to
be prepared to invest more resources in mini-grids,
including potential cross subsidization of electricity
usage of rural customers if a national uniform tariff
is to be charged.
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FIGURE 3. DELIVERY MODELS IN DEPENDENCY OF FUNDING LEVEL, TARIFF LEVEL AND DEGREE OF

GOVERNMENT CONTROL. Source: INENSUS
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of the initial CAPEX than, for instance, in the EPC or
ESCO model, but the overall level of funding can vary
greatly depending on site-specific factors such as the
size of the power plant, village layout and density and
the economic status and potential of the community.
It is noteworthy, however, that in any scenario, a
fully privately-funded mini-grid is difficult, if not
impossible, to achieve without subsidies due to
the challenges of powering rural communities.
These challenges include, among others, challenging
logistics to install assets on site as well as maintain
remote O&M and comparatively low ability and
willingness to pay by consumers. Private developers
can improve the economic viability by implementing
fourth generation mini-grids, but it remains to be
seen whether these will improve project finances
sufficiently to enable fully private sector-funded
mini-grids at scale.
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In contrast, the “cost-reflective plus” retail tariffs that
private operators need to charge to enable a busi-
ness case are inversely proportional to the level of
public funding for these projects. These tariffs cover
both the operators’ costs and a profit margin.

The selection of delivery models therefore depends
on the availability of public funding for the roll out
of mini-grid projects, the willingness of customers in
rural areas to pay for electricity and the envisaged
degree of government control over the operation of
mini-grids.

The political decision-maker can choose
one of the delivery models or a combination
of models, based on the envisaged extent
of government control, the planned degree
of government funding and the desired
levels of retail tariffs.

Policy develoment 17



2.1.3

Retail tariffs in mini-grid projects are determined
by the CAPEX and OPEX of a system, the subsidy
level and regulation. As shown above, tariffs can be
reduced with increasing public funding contributions
to mini-grid projects (see Chapter 2.1.2). Larger mini-
grids with a high customer density, the existence of
anchor customers and interesting productive use and
rural industrialization potential are generally able to
sell electricity at lower prices thanks to economies
of scale. This effect can also be achieved if mini-grid
operators are enabled to operate large mini-grid
clusters under a single management unit, so that
tariffs can be reduced to affordable levels. In addition,
legislative, regulatory and contractual arrangements
have a significant influence on tariffs, and a number
of targeted measures could contribute to a reduction
in tariffs in this context (refer to Chapter 2.1.5).

From the point of view of policymakers, the following
aspects are therefore crucial levers for the design of
electricity tariffs in mini-grid projects:

1. The provision of subsidies (the amount of the
initial CAPEX and, if required, the OPEX of mini-grid
operatorsthatiscovered by governmentsubsidies).

| TARIFF METHODOLOGIES AS A BALANCE BETWEEN COSTS AND REVENUES

2. Theallocation of project sitesto project developers
and operators (how tendering procedures should
be designed to allow clustering of sites and
the selection of sites with potential for rural
industrialization).

By making targeted use of these instruments, policy-
makers can steer the design of tariffs in the desired
direction.

In contrast, tariff regulation cannot be considered
and used as a policy instrument. Rather, the
tariff calculation methodology applied should be
understood as a scale that balances the costs and
revenues in mini-grid power supply. In cost-reflective
tariff methodologies, the tariff broadly equals the
mini-grid’s OPEX plus depreciation and allowable
return of the assets minus any applied subsidies
(see Figure 4: Tariff methodologies are a regulatory
instrument that balances the costs and revenues
of mini-grids. Source: INENSUS). Once calibrated,
the scale should not be changed (e.g. by lowering
tariffs without additional financial support to cover
the costs), as this may lead to company losses that
trigger a reduction in service or the bankruptcy of the
companies and then the loss of consumer power.

FIGURE 4. TARIFF METHODOLOGIES ARE A REGULATORY INSTRUMENT THAT BALANCES THE COSTS AND

REVENUES OF MINI-GRIDS. Source: INENSUS
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Most rural households in previously unserved com-
munities have a very constrained household income,
which is usually insufficient for covering their basic
electricity demand on a continuous basis. The avail-
able budget therefore determines the amount of
energy consumed by the households, rather than
the reverse. As a result, when tariffs are increased,
the revenue of mini-grid operators from this type of
domestic electricity consumption remains almost
constant up to a saturation point, while the amount
of electricity consumed changes.® Further research

their products on regional or national markets. At
the same time, customers appreciate the often high
security of supply and high service quality in mini-
grids. A tariff reduction, potentially a politically-moti-
vated one, should not be enforced at the expense
of lower supply security and lower service quality.
Doing so could lead to an unsaturated basic demand
and the dissatisfaction not only of low-income cus-
tomers but of all customers within a community, on
the one hand, and to income losses and thus reduced
profitability of the operators, on the other.

is required to determine the satura-
tion points of basic electricity demand,
which are likely to vary from region to
region depending on climate and envi-
ronmental conditions (e.g. demand for
fan or no fan at night, demand for out-
door safety lights or no lights at night,
etc.).

In contrast, for productive and rural
industrial users, these budget con-
straints either do not exist or do so to a
much lesser extent. They generally con-
sume as much electricity as is needed to
produce their goods or services as long
as the electricity provided is cheaper,
more reliable and more convenient than
alternative power sources such as die-
sel motors.

Finally, from the perspective of policy-
makers, the above can be summarized
as follows: the reduction in domes-
tic retail tariffs primarily increases the
demand for electricity, which in turn
requires greater power generation and
distribution capacities and, therefore,
higher amounts of CAPEX subsidies.

Experience shows that high electricity
tariffs lead to dissatisfaction on the cus-
tomer side, especially when household
customers are unable to cover their
basic needs and when rural industrial
customers are unable to compete with

When planning a large-scale deployment of mini-grids,
political decision-makers ought to decide on the scale of
this deployment and the location and quality of the sites
reserved for it. A larger scale (a large number of mini-
grids in large communities) with high rural industrializa-
tion potential leads to lower tariffs at constant subsidy
levels, thanks to the good economic viability of the busi-
ness models applied. On the other hand, governments
run the risk of major political distortions if a large-scale
deployment at very prominent locations fails to deliver
the desired results.

Political decision-makers are often also opinion leaders
in the tariff debate. Although, from a political point of
view, national uniform tariffs in mini-grids can sometimes
appear to be the easiest option, as they aim to create
supposedly fair conditions for all citizens, very few deliv-
ery models actually meet this requirement. All delivery
models involve high financial obligations on the part

of the governments. Indeed, a governmental mini-grid
deployment approach with tariffs well above the national
uniform level, that covers the basic electricity demand of
households based on their available household budgets
and, at the same time, rapidly advances rural industrial-
ization, may well be acceptable to rural populations.

Policymakers are advised not to influence the sensitive
structure of a regulatory tariff methodology in such a
way that they force lower tariffs on one side of the scale
without keeping the balance by compensating for higher
costs with additional subsidies on the other.

5 Test results supporting this conclusion can be found in Crossboundary, 2019.
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Governments can mitigate the termination

risk by applying the following measures:

1. Integrating a clear methodology for

calculating the compensation to be paid

to the owner of the mini-grid in the event

of connection to the national grid. This

compensation must take into account the

value of the assets and the business value

created by the mini-grid operator. Other

options, such as the mini-grid operator

becoming a small power producer or

small power distributor, ought to be

firmly and clearly anchored in regulation.

. Any lease contract, concession agreement, licence
or permit should be either open-ended or include
clauses for simple renewal/prolongation.

Governments generally lose some degree of control
over mini-grids by reducing the termination and
demand risks for the operator (especially if the
operator is a private company or a cooperative).
On the other hand, governments often save on the

FIGURE 8: TERMINATION RISK: If electricity demand

The policymaker may decide to go a step further

in legislation, regulation and contract design by
willingly reducing the government’s influence on the
mini-grid in order to mitigate the demand risk and
the termination risk. In the end, this will also reduce
retail tariffs or the need for subsidies. On the other
hand, the policymaker may accept higher tariffs or
higher subsidy requirements to keep the govern-
ment’s influence on mini-grids at a high level.

provision of subsidies by making the necessary
contractual changes to mitigate termination and
demand risks. A lower risk perception reduces the
required return on investment of the private sector,
resulting in lower subsidy requirements to achieve
the desired tariffs.

Templates for contracts and other legal documents as

linked in Chapter 3 already take the above mentioned
recommendations into account.

develops slower than expected, contracts

with fixed end dates or main-grid connection to the mini-grid without compensation may lead to
a termination of the mini-grid project before break-even.

'
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2.2 |

DECISION-MAKING PROCESS

AND POLICY DEVELOPMENT

Policy development is a process that starts with the
definition of objectives, as in national electrification
or rural industrialization strategies, for instance.
Thereafter, a ministry is often mandated to implement
the policy and convert it into legislative proposals,
which, once adopted, set the framework for the

sector. Finally, government authorities and agencies
are provided with a budget on the basis of this
legislation and requested to implement all necessary
regulations and procedures for the deployment of
mini-grids, in close collaboration with higher levels
of government.

FIGURE 9: SEQUENCE OF IMPLEMENTING POLICIES AND REGULATIONS
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Electrification
Strategy

o,
Allocation of tasks and
responsibilities

Over many iteration cycles, the political framework
conditions are shaped at the various government
levels. In all of these steps and cycles, the
macroeconomic objective should always be
considered.

Given the high correlation between electricity and
economic development, electricity supply is the
backbone of any economy. Without electricity, there
can be no modern water supply and sanitation,
while health care and education lag behind that
of cities and more developed economies. The
implementation of mini-grids offers a unique
opportunity to directly impact rural areas at the
macroeconomic level. By increasing productivity,
employment and entrepreneurship opportunities
in rural communities, rural-urban migration can
be reduced, rural development goals can be
achieved and other benefits, such as additional
tax income, can be realized. Opening up the rural
electricity sector can further increase foreign direct
investment. At the microeconomic level, together
with further development of local infrastructure
(water, sanitation, education, etc.) and provided that

Mini-Grid

Implementation of

policy instruments roll-out

electricity is used effectively, local economic growth
can be successfully promoted.

In order to ensure a cost-efficient mini-grid roll-
out, governments are therefore advised to take
these macroeconomic effects into account from
the outset of planning. If deployed properly, mini-
grids can be a tool for accelerating rural economic
inclusion, rural and cross-sectoral development and
can consequently lead to nationwide development.
However, the decision-making process for planning
of mini-grids is iterative and composed of complex
layers for which decisions require to be made prior
to selecting a suitable mini-grid delivery model (see
Figures 10 and 12).
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FIGURE 10: LOGIC TREE DEPICTING THE DECISION-MAKING PROCESS LEADING FROM THE DETERMINATION OF
UNIVERSAL ELECTRICITY ACCESS TARGETS TO A DECISION ON MINI-GRID DELIVERY MODE

Medium term Universal Electricity Access Targets Short term
National Electrification Plan Elaborated and comprehensive
with basic electrification strategies National Electrification Plan
Centralized approach Mini-grids are integrated in energy plans and strategies Decentralized approach
Call for national uniform tariffs Acceptance of cost based tariff setting and related tariff variations

Cost-reflective tariffs

National uniform tariffs
Low tariffs Tariffs with cap Medium tariffs Cost-plus tariffs

Capability and availability of public funds to finance electricity assets

Available Limited to distribution asset but can partially finance generation assets . _.._B_ﬁ.ma to None
distribution asset
o . Other financing instruments available:
Distribution and generation assets state-funded

OPEX subsidies None Tax-free supports

-
EPC tender + operation Private with Hybrid- split

Fully Utility driven by utility ESCO with subsidies CAPEX grant asset / grant Split asset model Private sector driven
(&
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FIGURE 11: ITERATION CYCLE FOR PLANNING OF RURAL ECONOMIC INCLUSION USING MINI-GRIDS

Quantify macro-economic benefits
from additional taxes,
incoming foreign exchange,
etc. through rural economic inclusion
and compare with grant effort

Define macro-economic effect
to be fostered through rural
economic inclusion under usage
of MGs as a tool

Calculate grant levels
required to achieve socially
acceptable tariff levels
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2.3 | THE DECISION TREE
While the above chapters have introduced cross-
cutting aspects that need to be decided upon
individually, the following subchapter brings all
these decisions into a single structure. The Decision
Tree provides a tool that helps governments to
ask the appropriate guiding questions, ultimately
leading to the selection of the right delivery model
for their respective country, including contractual
agreements, tariff levels and types of subsidies. Each
internal node represents a decision that needs to be
made and each terminal node presents an outcome
in the form of a mini-grid delivery model.

2.3.1 |

Does the government aim to rapidly industrialize its
rural sector and/or achieve SDG 7?

The provision of universal electricity access by
2030 in remote and rural areas of emerging
markets with mainly renewable energy (SDG 7)
stimulates local industrialization and agricultural
production, as well as commercial and social
services such as health care and education.
In many cases, mini-grids are the fastest and
cheapest option for bringing reliable electricity
powerful enough to drive electric machines into
rural areas.

Does the government have a national electrification
planning strategy with mini-grid development?

When a government decides to promote rural
electrification, policymakers tend firstly to
engage in national electrification planning to
identify the most cost-effective technology for
populations of given locations and sizes, also tak-
ing into account the potential economic impact of
mini-grids on rural industrialization. Specifically,
this results in determining whether certain rural
areas will be electrified through grid extension,
mini-grids or solar home systems.

28

DECISION TREE QUESTIONS EXPLAINED

The guiding questions posed here may, in reality, be
much more complex to answer than a binary “yes”
or “no”. Therefore, although the Decision Tree is
useful for organizing parameters and trade-offs of
different decisions, it does not exhaust the range
of possibilities that determine choices of mini-grid
delivery models in a given country. Nor does the
Decision Tree prescribe the order in which decisions
are to be made. It rather indicates which decision will
lead to which consequences. It shall therefore not
prevent the reader from considering other strategic
aspects in order to reach a conclusion about the
delivery model.

Does the government have the financial capacity to
cover distribution assets for planned mini-grid roll-
outs?

Access to financial resources and the capacity to
manage them adequately are important factors
influencing the selection of mini-grid delivery
models. When assessing whether a government
has the financial capacity (or sufficient donor
support) to provide funding for mini-grid
programmes, two distinct paths emerge: either
a fully privately-driven mini-grid delivery model
or a wide range of delivery models, ranging from
fully publicly-driven to split asset models.

As described in Chapter 2.1.2, existing examples
of a fully private sector-driven model without
CAPEX grants are extremely rare. In view of the
high risks involved in developing mini-grids, a
100 percent privately-funded investment is not
economically viable in almost all scenarios.
Where governments cannot pay for distribution
assets and mini-grid developers are unable to
charge viable tariffs, no mini-grid projects, either
public or private, are possible.
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Can the government create operational capacities in
rural areas in the medium term?

The responsibility for mini-grid operation requires
a constant connection to the mini-grid sites (e.g.
by remote data retrieval and telephone communi-
cation), a regular presence on site and the provi-
sion of technical staff, tools and spare parts to be
deployed on site at any time. If the government
is capable of providing these capacities for every
mini-grid in its portfolio, the answer to this ques-
tion is “yes”, otherwise it is “no”.

Are there grants available (from government or
donors) to partially finance generation assets?

30

In cases in which distribution assets can be par-
tially financed by the government, the degree
of public subsidy to cover generation assets,
together with the operational capacity of the pub-
lic utility, determines the extent of private par-
ticipation in the rural electrification effort. If the
government is able to fully finance, procure and
build the generation and distribution assets, has
the financial operational capacity and the neces-
sary knowledge and experience with clean mini-
grids, rural electrification will be fully driven by
the public utility. As with the fully privately-driven
delivery model, this case is very rare, given that
public utilities generally do not have the capaci-
ties to undertake all engineering, procurement
and construction activities for mini-grid projects.
In cases in which the government is able to fully
finance all assets but has limited operational
capacity, the public utility will be driving rural
electrification with the help of the private sector
through EPC contracts. Outsourcing the design
and construction to private companies specializ-
ing in mini-grid infrastructure will accelerate rural
electrification efforts.

Government can provide an OPEX subsidy to cover
the gap between uniform and cost-reflective tariffs?

In a situation in which political imperatives expect
the introduction of uniform tariffs (or where a cap
on tariffs is envisaged), the public sector ought
to be willing to provide OPEX subsidies and,
potentially, other financial instruments such as
tax exemptions. Otherwise, there will be no via-
ble mini-grid business models as a result. In the
ESCO with subsidies model, mini-grids receive
subsidies to cover operational expenses: the pub-
lic sector needs to bridge the gap between cost
recovery and uniform tariffs.

Government would like to place a tariff cap?

A tariff cap is an upper limit set by the govern-
ment, which the tariff charged by the mini-grid
operator must not exceed. In cases in which the
delivery model is not viable with tariffs below
the tariff cap, additional subsidies (usually OPEX
subsidies) ought to be provided and/or specific
tax exemptions granted to facilitate cross-sub-
sidization between business units (see below).
Alternatively, the mini-grid is not implemented.

Government supports tax-free mini-grid fourth gen-
eration business models?

In a situation in which the government puts a
cap on tariffs, business models for fourth gen-
eration mini-grids offer an opportunity that may
be seized. Under the hybrid split asset/grant
model, revenues from complementary activities
based on fourth generation mini-grids may over-
come the absence of OPEX subsidies and allow
mini-grids to be successfully deployed thanks to
improved economics.



KEY TAKEAWAYS

¢ Today, based on geospatial planning approaches,
mini-grids are not only deployed as a least cost elec-
trification solution, but also where the rapid imple-
mentation of a reliable power supply system is
required to drive rural industrialization using fourth
generation mini-grid models.

2.4 |

¢ In all of the delivery models evaluated, private
sector/cooperatives play a role, either as technol-
ogy suppliers and installers, as operators and/or
as investors. Governments are therefore advised to
clearly define the role of the private sector/coopera-
tives in their preferred delivery model.

¢ The long-term sustainability of mini-grids is in the
interests of both the operator and the government (if
the government is not the operator). Sustainability
in mini-grids means technically sound and reliable
operation, high-quality customer service and finan-
cial profitability. Without the latter, the other two
sustainability criteria cannot be achieved.

e When designing the policy framework for a mini-
grid deployment, policymakers will need to make
a number of decisions regarding a) the envisaged
degree of government control they wish to have over
the mini-grid’s assets and operation, b) the financial
contribution that the government is willing to provide
and c) the tariff level that the government is ready to
justify to rural electricity customers. All three objec-
tives — maximum government control, minimum gov-
ernment financial contribution and lowest end cus-
tomer tariff — cannot be achieved at the same time.
Different delivery models allow for specific combi-
nations and degrees of achievement of the different
objectives.

e The allocation of large villages/towns in large
clusters of sites (economies of scale) for mini-grid
electrification under one managing entity, together
with high rural industrialization potential at these
sites, provides an opportunity to achieve lower tar-
iffs, together with lower subsidy provision and higher
government control.

e Taking the demand risk and the termination risk
into account in legislation, regulation and PPP con-
tracts can reduce government control over mini-
grid assets to some extent, while at the same time
reducing tariffs and/or subsidy requirements thanks
to a higher degree of security for the operator and,
possibly, the investor, with correspondingly lower
expected risk premiums.
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3. ACCELERATING
ELECTRIFICATION

THROUGH MODERN MINI-GRID
REGULATIONS; PROCUREMENT AND
CO NTRACTUAL ARRANGEMENTS

Once a decision for a delivery model has been taken
and integrated into the national electrification pol-
icy and strategy, related regulatory documents and
tools, as well as procurement and PPP contract docu-
ments, must be prepared. For mini-grid delivery mod-
els to be sustainable in the long term, a fair and reli-
able regulatory and contractual relationship between
the stakeholders must be established, which also
mitigates the main operational risks.

This chapter summarizes the issues that need to
be taken into account when translating the spe-
cific requirements of the individual stakeholders
for the selected delivery model into procurement
approaches, tariff determination and licensing pro-
cedures. These theoretical considerations should be
seen in conjunction with their practical counterparts
in the form of regulation and contract templates,
which are referred to and interlinked in this chapter.
The templates already incorporate all of the recom-
mendations contained in this guide.

The mini-grid sector as a whole is moving towards
fast deployment at scale. In general, therefore, any
process, document and tool must be ready for large-
scale deployment of mini-grids. For each of the three
policy instruments discussed here — procurement,
tariff determination and licensing procedures —
design elements that cater for the respective scaling
requirement will be introduced.

The “Decision Tree” in Figure 12 assigns documents
and tools to delivery models, while Figure 13 depicts
this assignment with further clarity. Many of the tools
and documents mentioned here are also covered by
the templates prepared.

Each of the various policy instruments introduced
in this chapter are applicable to a range of delivery
models. The colour code as indicated at the bottom
of each page is used to display which policy instru-
ment is applicable to which mini-grid delivery model.

A for EPC tender + operation by utility

for ESCO with tariff-based contract

B for ESCO with service contract

for hybrid - split-asset/grant

C for split asset model

for private with CAPEX grant
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TABLE 1. LIST OF MINI-GRID REGULATION AND CONTRACTUAL TEMPLATES

Template available
https://greenminigrid.afdb.org/afdb-mini-grid-training-and-templates Yes No
EPC/BOT contract with option for BOOT v
Competition for usage right agreement and agreement over public assets X
Concession agreement \/
RBF Grant Agreement v
Land rights and building permits X
Environmental and Social Management v
Mini-grid regulations, incl. licensing and tariffs v
FIGURE 13. MINI-GRID POLICY INSTRUMENTS BASED ON DELIVERY MODELS
Delivery models
m n EPC tender + 0 A Private with Hybrid- split
[Fully Utility driven operation by utility ESCO with subsidies ] [ CAPEX grant asset /grant J [ Split asset model Private sector driven ]
BOT contract Competition for usage right and
agreement over public assets
Competition for grant and grant agreement
Con'::spsci::t;azgn’:ent Results Based / Performance Based Funding
8! Competition on lowest grant or lowest WACC
R ired policy inst t Land rights and building permit . .
Cquirecipolicyinstiuments Streamlined acquisition of land right/building M"“'.G"d f?S“lat""' .
permit for power house and right of way for dis- * Tariff setting (Cost of Service)
tribution network o Compensation in case of main-grid connection
. . * Simple licensing procedures
Environmental permitting  Quality of Service Standards /
Standardized Environmental Management Plan Technical Standards
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3.1 |

Applicable for:

ABC.EF

All delivery models have interfaces with the private
sector, whether as a vendor and installer of assets, as
a service provider or as an operator. Wherever the pri-
vate sector and the public sector collaborate, some
form of procurement procedures apply in order to
guarantee a level playing field for all market partici-
pants. Four competitive procedures (lowest service
charge, lowest tariff, lowest weighted average cost
of capital (WACC) and lowest grant) and one first-
come-first-served procedure (fixed grant per con-
nection, also known as RBF or PBG) are introduced
below. Idea competitions, in which the private sector
can test new approaches in pilots, are not applicable
to large-scale mini-grid roll-outs and are therefore
not considered further here. Table 2 indicates which
procurement procedures are applicable under which
delivery models.

PROCUREMENT, TENDERS AND GRANT ALLOCATION

A tender on lowest service charge is a well-known
and widely used procedure, usually awarded to the
technically compliant bidder who offers the lowest
price, or using a rating and weighting procedure
between technical quality and price to determine
the winning bidder. This works best in sectors that
are more mature with costs that are more stable,
considering that particularly in new markets only a
portion of the costs can be accurately predicted.

Tenders on lowest tariff, as practised in large-scale
grid-connected solar or wind, are challenging in the
context of mini-grids. In grid-connected solar and
wind projects, all of the electricity generated can
actually be sold. This is not the case in mini-grids,
where supply must always exceed demand to ensure
a satisfactory quality of supply. As the electricity
demand of customers can only be projected with
low accuracy and develops over time, the revenue
of a mini-grid operator can only be projected with
very low accuracy (demand risk). Productive and
commercial use tariff adjustments over time are one
of the mitigation instruments for demand risk (refer
to Chapter 2.1.5). Thus, the long-term determination
of the tariff in the bidding process can become a

TABLE 2: OVERVIEW OF PROCUREMENT PROCEDURES APPLICABLE IN VARIOUS DELIVERY MODELS

Tender on:

Applicable for

Lowest service charge

Lowest tariff

Lowest WACC

Lowest grant

Fixed grant per connection

A for EPC tender + operation by utility

for ESCO with tariff-based contract

B for ESCO with service contract

for hybrid - split-asset/grant

(o for split asset model

for private with CAPEX grant
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highly risky undertaking, unless tariff adjustment
mechanisms applied during operation are considered
in the tariff bidding approach. The government of
Uganda is testing this approach in cooperation with
the German Corporation for International Cooperation
(G12).

Tendering mini-grids on lowest WACC is an alternative
to the tender on lowest tariff, which leaves room to
adjust the productive use and commercial use tariffs
at a later stage. The WACC is the parameter in tariff
regulation that determines the return of investors and
financiers on their capital contributions. A high WACC
indicates that a company spends a proportionally
large amount of money on raising capital. The
investment is therefore considered to be rather
risky by the financiers and investors. A low WACC, in
contrast, indicates that the respective company raises
capital at comparatively low cost, resulting in lower
tariffs or a lower grant requirement. Consequently,
in a tendering procedure, the private developer with
the lowest WACC would be awarded the grant. The
advantage of tendering a project on the lowest WACC
compared to the lowest tariffs is that the electricity
tariff can be adjusted by the regulator at a later stage
of the project, with changing economic conditions
impacting the project’s viability, while this is not
possible in the case of bidding on the lowest tariff.
There is not yet a real life example to illustrate this
approach.

The tender on lowest grant approach is also widely
used and is known as the Minimum Subsidy Tender.
The government determines a starting tariff as
an objective to be achieved together with a set of
minimum technical requirements and minimum
quality of service requirements. The grant is awarded
to the bidder with the lowest grant requirement.
Similar challenges as for the tender for lowest tariff
could apply here, but may be mitigated by tariff
adjustment under certain conditions. A Minimum
Subsidy Tender is currently being implemented by
the Rural Electrification Agency (REA) of Nigeria.

The fixed grant per connection approach, also
known as RBF or PBG, works as the name indicates.
The government pays any pre-qualified mini-grid
operator a fixed amount per electricity connection
confirmed by an independent entity, until the
budget of the respective fund is depleted. While
this approach leads to fast mini-grid deployment,
it often results in the most underprivileged or less
attractive communities being electrified last. It is also
important that developers are not simply incentivised
to connect as many customers in as little time as
possible to receive the grants, with little regard for
the long-term quality of supply. In many cases, fixed
grant per connection approaches are combined with
additional financial support for productive use of
electricity and rural industrialization. The countries
in which this approach is being implemented are
Tanzania and Nigeria.

The list of procurement procedures above is not
exhaustive. Hybrid versions of the approaches
introduced above are often applied. Creative new
approaches may be developed as long as these
respect the following criteria:

1. do not limit the creativity and implementation of
innovative ideas of private companies by imposing
too heavy technical and procedural requirements
and leave room for efficiency gains;

2. incorporate mitigation approaches addressing
the demand risk and termination risk;

3. ensure that the country is ready for large-scale
mini-grid deployment with highly efficient and
fast-tracked administrative processes.
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3.1.1 |

All procurement procedures have their respective
advantages and disadvantages. Various aspects of
the procurement procedures already introduced are
discussed below.

Table 3 compares the advantages and disadvantages

SELECTING A PROCUREMENT PROCEDURE

the project sites are usually pre-selected by the gov-
ernment, while in first-come-first-served approaches
the private sector is in charge of compiling the clus-
ters of sites. Generally, the first-come-first-served
approaches lead to faster roll outs, while competi-
tive procedures are more likely to trigger higher effi-

of competitive approaches with those of first-come-  ciency and greater innovation.

first-served approaches. In competitive approaches,

TABLE 3. PROS AND CONS OF COMPETITIVE PROCUREMENT VS. FIRST-COME-FIRST-SERVED
APPROACHES FROM A GOVERNMENT’S PERSPECTIVE

Pros from Cons from

the government’s point of view the government’s point of view

* Government has control over site selection Lo

and where/in which sector rural industrial- ;jlreesl::\: EL?Z:;E h;f?tizder;?ti?t:i
Competitive lzation takes .p'lace'. . cation of one village, many proposals
procedures * The competition is more likely to lead to must be prepared and evaluated. Digi-
(such as tender h.|gher efﬁc.lency, l.ower costs and poten- | talization of this process using plat-
on lowest tially new, innovative approaches on the pri- forms such as Odyssey® can make this
service charge/ vate sector side, if the tender requirements process more efficient.
tariff/WACC/ do not limit the private sector’s creativity. « Putting together concession areas
grant) ) FlnanC|ng struct‘ur'e m.ay easily |nco'rpo- and therefore a biddable package may

rate rural industrialization support with the be difficult for some governments.

mini-grid support.

* The private sector is allowed to select the

sites best suited to its (e.g. rural industri-

alization-related) business model, which . . .

makes the business more viable, as more ) Ind|.\/|fjua.l sites u.Sl.‘a“Y suitable

uniform sites can be clustered without hav- for mini-grid e'lectrlﬁcatlon may be
First-come- ing sites in the cluster that do not fit the left untapped just because they are
first-served business model. located between clusters.
?srszﬁ:\l:;;F/ * First-come-first-served means that the pri- ;hGovernmer:.h?s l'm't?d f:o'rjtr(')(; 0\ller_

vate sector will move fast to secure the best 'e' ge(.)grap ic O_CUS ormint gr‘l elec
PBG) sites. trification. The private sector will elec-

. . . trify the most commercially attractive

* The administrative procurement effort is sites first.

comparatively lower. Thus, deployment of

funds is fast. This is the fastest option to

roll out mini-grids.

A for EPC tender + operation by utility for ESCO with tariff-based contract

B for ESCO with service contract for hybrid - split-asset/grant

(o for split asset model for private with CAPEX grant
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For all procurement procedures in which a tendering
approach is used, reverse auctioning procedures are
discussed as an alternative. If properly implemented,
reverse auctioning can lead to better results for the
public sector compared to tendering, where one
parameter needs to be minimized. In tendering,
bidders can only submit one bid, whereas in auctions,
bidders can learn about their competitors’ bids and
can improve their own bids until the lowest possible
service price, tariff, WACC or grant is determined. At
the end of the auction, the contract is awarded to the
lowest bidder. Reverse auctions have not yet been
extensively tested in the mini-grid sector.

There are two options for the provision of public
contributions to private mini-grid operators, in kind
or in cash. Contributions in kind can, for example, be
distribution assets that are procured and installed
in bulk by the government and provided to the
private operator as a grant or under a usage rights
agreement . Cash contributions are typically grants
that are paid out to the private operator. In the first
case, the government may retain ownership over
fixed assets and reduce the overall cost through bulk
procurement. This reduces issues and compensation
discussions when the mini-grid is integrated into
the main grid at a later stage. On the other hand,
mixed ownership in the same system increases
complexity on the contractual side. In the case of
cash provision, the cost of asset procurement may be
higher, but the control of the government over assets
decreases, while the contractual complexity during
the operational phase is also reduced.

Mini-grid cash grants can be provided either as
an advance payment or as post-payment, or else
as a mixture of both (e.g. milestone-based). Post-
payment involves the least administrative effort
and thus supports fast mini-grid deployment best.
A verification of the satisfactory completion of the
contracted service is performed and the grant is
disbursed. At the same time, post-payments entail
the least risk for the government, as grants cannot be
misused if they are paid out after results have been
verified. On the other hand, this system requires

9 https://www.odysseyenergysolutions.com
10 Refer to template: Usage Right Agreement.

considerable interim financing by the private sector.
However, this capital may not be available, especially
to smaller domestic companies. It can therefore
be concluded that post-payments accelerate
electrification with a high degree of security for the
government, but favour financially strong, usually
international mini-grid companies with easy access
to interim financing over smaller or domestic
companies.

The degree of required collaboration between
authorities varies according to the procurement
model selected. While approaches with fixed grant
per connection or tenders on lowest grant require
little coordination, tenders on tariff or WACC need
intensive collaboration between the authority
granting the subsidy (usually a REA) and the
electricity regulatory authority. In both cases - tariff
and WACC tender —the regulator must use the tender
results of the tendering authority when regulating
tariffs. This need for collaboration could be the main
reason why some of the theoretically beneficial
procurement models mentioned have not yet been
tested.

Wherever the private sector is expected to provide
long-term co-financing to a mini-grid project,
another issue arises. Access to long-term financing
for mini-grid companies is mostly still challenging.
In all competitive procedures, it is expected that the
acquisition of financing is already at an advanced
stage when bidding, even though the bidder does not
know if the project can be realized as quoted. This
increases the burden on the private sector in terms
of bid preparation. Moreover, this requirement gives
financially strong, usually international companies
with access to the international capital market an
advantage over smaller domestic companies with less
access to financial services. This can be overcome, for
instance, by tendering the grant component together
with a predefined project-based financing package
in collaboration with a bank. However, it may still
take several years and a track record in the mini-grid
sector before banks are ready to enter into this type
of arrangement.
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3.2 | TARIFF REGULATION

Applicable for:

7 | K

Retail tariffs are the most politically sensitive
element of mini-grids. The key question is: “How
shall the higher relative cost (in currency per kWh) of
supplying electricity to low-income rural customers
be distributed among urban and rural society?”. In
fact, the answer to this question would be relatively
simple in a main grid scenario. As everyone is
connected to the same infrastructure, everyone

3.2.1

Regardless of which subsidy scheme and associated
delivery model is selected, the mini-grid operators
must ultimately be able to generate total revenues
(subsidy + tariff collection) that enable their
organizations to operate the mini-grid in a sustainable
manner. This minimum revenue requirement is
independent of whether the mini-grid is operated by
a government entity, a private sector company or a
cooperative. The methodology used by regulatory
authorities to calculate this revenue requirement and
the resulting tariff is the Cost of Service model.

The Cost of Service model* was originally developed
to regulate urban main grid electricity tariffs following
the below formula:

Total revenue required

pays the same tariff, which often results in the
urban customer automatically and naturally paying
parts of the cost to supply the rural customer with
electricity. As soon as the infrastructure for supplying
rural customers is separate to that supplying urban
customers (as in mini-grids) and even when the entity
supplying electricity is not the national utility, cross-
subsidies do not flow naturally. Instead, subsidies
would need to be provided by the taxpayers or by
transfers from the electricity revenues of the main
grid utility. This makes subsidies more visible and,
thus, the focus of debate.

| TARIFF VS. SUBSIDY SETTING METHODOLOGY

All grants awarded for a project usually reduce the
CAPEX level and thus the depreciation and the portion
related to the WACC. Ongoing subsidies provided to
the mini-grid operator are subtracted from the OPEX.
In Nigeria, Sierra Leone and Tanzania, for instance,
regulations and cost-reflective plus tariff tools for
mini-grids have been introduced.

So-called Multi-year tariff orders (MYTO) project the
costs for the upcoming four to six years and calculate
the tariff accordingly. This approach, combined with
an indexation of the tariff to inflation and diesel fuel
price changes, reduces the administrative effort of
regularly revising the tariff. Governments in some
countries, such as Nigeria, have moved away from
reviewing tariffs periodically
and decided for a tariff
revision on demand, which

Tariff level required =

Expected kWh sales

where the Total revenue required equals OPEX + fees
and taxes + depreciation of privately-financed assets
+ the current value of privately-financed assets
multiplied by the WACC.

can be triggered by a group of
electricity customers or by the
mini-grid operator.

In some countries, to adjust the original Cost
of Service model to mini-grid sector-specific
requirements, some of the following new features
have been added in recent years:

A for EPC tender + operation by utility

for ESCO with tariff-based contract

B for ESCO with service contract

for hybrid - split-asset/grant

(o for split asset model

for private with CAPEX grant
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e An annuity-based depreciation methodology,
together with the option to activate/capitalize
the OPEX within the first two years after
commissioning. This will avoid the tariff spike
in the first years after commissioning when the
“expected sales of kWh” are still low but growing
rapidly (following the typical root function-shaped
demand development curve (see Figure 6).

e The option to activate/capitalize OPEX in the first
years after commissioning as part of the project
development cost, as well as to reduce the initial
tariff spike.

e An operational performance-related profit margin,
in the form of a small amount per kWh sold,
which is subsequently accounted for as the mini-
grid operator’s profit. This will attract the private
sector to also electrify small villages, which
require a high grant portion and thus have a lack
of privately financed assets, resulting in low profit
potential.

Finally, there is another effect to be considered.
The Cost of Service calculation methodology, as
developed for urban electricity customers, assumes
a saturated basic electricity demand and, thus, a
constant “Expected kWh sales” independent of tariff
levels. It therefore assumes that the revenue of the
mini-grid operator will increase and decrease with
the tariff in a linear fashion. As shown in Chapter
2.1.5, this does not apply for low-income rural

household customers, who buy electricity with a
fixed weekly budget and tend to reduce consumption
with increasing tariffs to keep the expenditure
constant, rather than increasing their expenditure to
keep consumption constant, even when purchasing
electricity on a pre-paid basis. Therefore, given the
high percentage of household customers in a regular
mini-grid for village power supply, tariff changes
have a smaller impact on the revenue of a mini-grid
operator than previously considered. Instead, they
change the amount of electricity consumed, and
thus the size of the power station, together with the
amount of CAPEX grant required.

The Cost of Service calculation methodology applies
to all mini-grid settings, regardless of whether the
tariff is nationally uniform, defined by a tender or
calculated as cost-reflective plus. The government
may decide to first set the tariff and then calculate
the grant level through the Cost of Service formula (in
national uniform tariffs), use the formula to calculate
whether tariff bids are sustainable (fixing of tariffs
through tenders) or fix the grant and subsidy amount
first, before calculating the required tariff level (cost-
reflective plus tariff). Any combination of the above
options is also possible (such as bidding on WACC,
application of tariff caps, etc.). Table 4 indicates
which tariff determination approach is typically used
in which delivery model.

TABLE 4: TARIFF DETERMINATION APPLICABLE IN VARIOUS DELIVERY MODELS

Tariff level

Applicable for

(Usually) National uniform

Tariff as bid during tender

Cost-reflective plus

11 Other names for this method (although potentially slightly varying in detail) include “Cost+ model”, “Building Block model” or “Revenue

Requirement model”.
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Besides subsidies and grants, there are further
methods to minimize tariffs. Tariffs can be reduced
by scaling to a large number of connected customers,
thereby dividing fixed overhead costs by a larger
number of kWhs delivered; by applying innovative
business models, such as fourth generation
mini-grids, which share fixed OPEX with other
business lines and increase electricity demand;
and by simplifying administrative processes to
minimize the cost of project development. The
following paragraphs will introduce options for the
minimization of administrative efforts and costs with
the objective of reducing tariffs and, at the same time,
avoiding an administrative overload of the electricity
regulatory authority.

Small mini-grids are especially sensitive to
administrative costs and requirements, as these
often apply per site. Some countries therefore exempt
small mini-grids (for instance those below 100 kW of
distributed power, as in Nigeria) from licensing and
tariff approval requirements, though developers may
insomeinstances choose tovoluntarily gothrough the
licensing process as it provides protection from grid
encroachment. Although the tariffs in this case may
be set according to the “willing buyer willing seller”
approach, according to which the tariffs are freely

3.2.2 | RETAIL TARIFF STRUCTURE

Applicable for:

ABC.EF

The previous chapter discussed aspects related to
the determination of mini-grid retail tariffs. The retail
tariff determined is in fact an average tariff across all
customer groups and all tariff components. In this
chapter, we demonstrate the issues that need to be
considered when breaking down this average tariff
into customer groups and tariff components.

Customer groups of a mini-grid are usually low,
medium and high-income households, commercial
users such as shops, hairdressers and cafeterias,

negotiated between the community and the mini-
grid operator, the mini-grid developer has the greater
negotiation power in the process of approaching
and selecting the unelectrified community. After
commissioning, the negotiation power usually
shifts from the developer to the community, which
often leads to conflicts. The regulators are therefore
advised to offer voluntary tariff approval and mini-
grid developers are encouraged to use the Cost of
Service formula to justify their willing buyer willing
seller tariff to the regulator, in case a tariff regulation
is applied to resolve such conflict.

Administrative burdens and costs for the mini-grid
developers may be reduced by applying the same
tariff to all mini-grids under the same management
(same developer), or at least for all mini-grids of
the same developer in a particular region. This
also reduces the risk of tariff conflicts between the
operator and the community.

Automation of tariff calculation and approval using
information and internet technology is another
method of minimizing costs and effort. This should
be applied especially in countries that promote
private sector-oriented delivery models.

productive users such as mills, wood workshops,
welding workshops, irrigation pumps, public and
religious institutions, such as schools, health centres,
local government offices, mosques and churches, and
anchor customers such as telecom towers, large-scale
irrigation schemes, small factories for processing of
local goods etc. Not all customer groups within the
same mini-grid pay the same tariff. An economically
reasonable allocation of tariffs to customer groups
follows the distribution of cost. Customers with low
consumption whose connection costs the same and
who require the same amount of customer service
as customers with higher consumption pay more
per kWh. This means that lowest-income customers
would pay the highest prices per kWh, which is not

A for EPC tender + operation by utility

for ESCO with tariff-based contract

B for ESCO with service contract

for hybrid - split-asset/grant

(o for split asset model

for private with CAPEX grant
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justifiable politically. As a result, some governments,
through their regulators, require mini-grid operators
to cross-subsidize household customer tariffs (and
sometimes tariffs for public institutions) from the
income of other customer groups.

This cross-subsidization has its limits where the
commercial, productive and anchor customers
either abandon their business due to high electricity
expenditure or where diesel motors or generators
become cheaper than electricity from the mini-grid.
In addition, where rural industrialization is fostered,
high prices for productive electricity usage must
be avoided in order to make irrigation and rural
processing a financially viable business.

Tariff components can be used to guide the user
towards a certain electricity consumption behaviour
or to better align the cost structure or a mini-grid
company with the revenue structure, thus reducing
the impact of customers’ consumptions behaviour
on the profitability/sustainability of mini-grid supply.
The most widely used tariff components are outlined
below:

e Energy-based tariffs are based on the amount of
energy consumed (measured in kilowatt-hours
[kWh]), sometimes referred to as pay-as-you-go
(PAYG) if a recharge of electricity is possible via
mobile phones at any time. Energy-based tariffs
can be time of use (TOU) dependent. In a solar
photovoltaic mini-grid, for instance, electricity
consumed at night-time can be more expensive
than electricity consumed during daytime, as per
the cost structure of generating the electricity
(battery cycling during night-time is costly).

e Fixed payments per week or month to provide
access to a premium service may be part of a
tariff design applied to limit the number of high-
consumption appliances in a mini-grid. This may
be necessary if the power generation capacity
is significantly lower than the sum of power
of appliances and machines connected to the
same system. A weekly or monthly fixed charge
motivates customers to connect only those
machines that are used on a regular basis and

motivates customers not to connect machines that
are rarely used (e.g. a large milling machine which
is only used for own consumption). Renewable
energy-based mini-grids usually have a high
portion of depreciation of CAPEX and fixed costs
that can be suitably covered with fixed incomes
from fixed weekly/monthly payments. In contrast,
most families and businesses in rural areas resent
the obligation to cover fixed expenditure with
their variable income.

e An energy block or a daily/weekly energy allow-
ance is a specified amount of energy to be con-
sumed within a predefined period of time (e.g. a
day or a week) and up to a predefined power (in
kW). Energy that has been ordered but not con-
sumed by the customer still needs to be paid for.
This is a method of levelling the consumption pat-
tern over days, weeks and seasons and stabilizing
income, assuming that electricity customers are
always able to pay.

 Flat tariffs are fixed payments per month (or other
payment period), regardless of consumption
level.

The above-mentioned components allow a regulator
and mini-grid operator to introduce highly complex
retail tariffs, which are presumably most effective in
minimizing the financial risk and levelizing electricity
consumption. However, a highly complex tariff poses
a challenge for the customer relationship manage-
ment. The higher the complexity of the tariff struc-
ture, the greater the time and effort usually required
to answer customers’ questions and complaints
about the tariff, up to a level at which the trust rela-
tionship between the electricity customer and the
mini-grid operator is at risk.
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3.3 | LICENSING

Applicable for:
s [l : -

The granting of licences and permits is an
administrative process that must be carried out
quickly to enable accelerated rural electrification.
Therefore, the documents and tools must be easy to
handle for a large number of sites in a short period
of time. Digital technologies with automatic data
processing are highly recommended. One of the
forerunners in this regard is the Nigerian Electricity
Regulatory Commission, which has introduced a
tailor-made management tool for licence application
for mini-grid companies.

In the early stages of mini-grid regulatory
development, several countries, including Tanzania,
Uganda, Kenya, Nigeria and Zambia, developed
mini-grid licensing processes based on system size.
The intention was to create simplified licensing or
licence exemptions for small systems, generally
under 100 kW. However, the implementation of size-
based licensing alone has not been sufficient to
achieve the ambitious objectives in reducing cost
and increasing speed of deployment of the licensing
process. As countries have moved from pilot mini-
grid deployment to scale, it has become clear that a
size-based approach alone is not scalable.

Portfolio-based licence applications, such as those in
Uganda, Sierra Leone and Zambia, ensure regulatory
compliance and consumer safety and are better
suited to large-scale mini-grid deployment. Portfolio
licences can significantly reduce bureaucratic
burdens and associated costs for both private
developers and regulators, and are a more effective
tool with which to leverage private developers
to maximize electrification rates. Portfolio-level
applications for tariff approval also support scale,
with the added benefit that mini-grid developers
are able to cross-subsidize their entire portfolio and
reduce tariff prices for the most difficult-to-reach
consumers.

A for EPC tender + operation by utility

for ESCO with tariff-based contract

B for ESCO with service contract

for hybrid - split-asset/grant

(o for split asset model

for private with CAPEX grant
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4. MAKING A'DECISION

ON MINI-GRID'_;

DELIVERY }§

MODELS BASED ON A COMPLEX
'HOLISTIC ASSESSMENT

In the previous chapters, an attempt was made
to structure the decision-making procedure into a
streamlined process. In reality, finding a consensus
among policymakers on subjects as politically sensi-
tive as mini-grid retail tariffs, grant/subsidy levels and
the targeted degree of government control is by no
means an easy task. Mini-grids involve issues that go
beyond the decision-making scope of an energy min-
istry, with its electrification authority and a regulatory
commission. They include aspects that are under an
environment ministry, aspects related to health and
safety, concerning education and vocational training
to build skills and capacities (e.g. for the management
of the mini-grid), aspects that are under a finance
ministry with respect to grant and subsidy schemes
or tax and duty exemptions, as well as aspects related
to planning and land allocation, fair competition, rural
development, local governments and poverty allevia-
tion. This list could be continued. Where public infra-
structure is to be connected to mini-grids, aspects
subject to a health ministry (hospitals and health cen-
tres, and those subject to an interior ministry (police,
government offices) are addressed.

All related government entities ought to be inte-
grated in some way into the decision-making
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process. Parliamentarians need to be provided with
information (as with this guide) to enable debates.
This is not only the case at national level, as regional
and local decision-makers ought to be also involved
in the decision-making process. Anyone who is
not involved may end up sowing mistrust, which in
turn may result in a failure of the mini-grid scheme.
The general public needs to be informed about the
options and limitations of mini-grids. Complex sub-
jects such as the cost structures of mini-grids, the
role of tariff regulation, demand risk and termination
risk must be communicated in a way that is under-
standable to all. The public media plays a central role
in this communication task. The unattainable goal is
a national consensus on a delivery model with appro-
priate tariffs, grant/subsidy levels and government
control over the mini-grid operations/assets and the
role of the private sector. This consensus must be
realistic and follow the “mechanics” of the mini-grid
sector, as well as the minimum requirements of the
individual mini-grid stakeholders, as outlined in this
guide. Finding this consensus requires comprehen-
sive debate.

The debate usually uses buzzwords such as “least
cost option”, “

most appropriate technology”, “power



quality” and “national equity” in tariff and grant allo-
cation, whose meanings must be defined. In the end,
the debate will be guided by questions around these
buzzwords, such as:

¢ |sthe question of the “least cost” the least cost for
the consumer today or for the government in the
long run? In fact, from a macroeconomic perspec-
tive, mini-grids are often the least cost option for
electricity supply, although the cost to the electric-
ity customer may be higher than in the main grid
due to limited government contributions.

e |s the search for the “most appropriate technol-
ogy” also about the speed of introduction or only
relevant to the costs? In some cases in which mini-
grids are not the least cost solution, it may still
make sense to deploy mini-grids, as they can usu-
ally be implemented faster than a high or medium-
voltage line, with all its environment and construc-
tion-related aspects. On the one hand, this speed
discussion may relate to the goals of universal
electricity access. On the other hand, when a rural
industrialization opportunity arises, speed may be
economically more beneficial than cost efficiency.

e When discussing power quality, do we only dis-
cuss power bandwidth and voltage stability or also
reliability of supply? In view of the fragility of long
medium-voltage feeders, clean energy mini-grids
in many cases supply more reliable power. At the
same time, mini-grids can indeed be very powerful
and drive large machines while maintaining a high
level of voltage stability.

e |f we compare the mini-grid tariffs with main-grid
tariffs, do we compare the mini-grid subsidies with
the subsidies for the main grid? Main-grid subsi-
dies are often not clearly visible and can take the
form of subordinated long-term loans, debt cancel-
lations, tax alleviations or similar. These subsidies
often create an uneven playing field compared to
mini-grid subsidies, thus distorting the discussion
about how expensive mini-grids really are. If one
compares “apples with apples”, mini-grids can be
the “least cost” option in many cases. Once a level
playing field has been created between the main
grid and the mini-grid, the tariffs payed by mini-grid
customers for electricity no longer seem “too high”.

Although the task of involving all stakeholders in
the discussion seems to require an enormous effort,
some countries are very advanced in their respec-
tive consensus-building and framework development
processes, and have already been rewarded with
accelerated rural electrification (and partly industri-
alization) based on mini-grid roll-outs. Governments
approaching this debate on rural electrification could
learn from the experiences of these countries and
drastically shorten the debating process from the six
to ten years that have already passed in Nigeria and
Senegal respectively.

Although regulations should preferably be devel-
oped after a decision for a delivery model has been
taken, in practise, the debate often develops and
culminates in parallel with the development of the
policy and implementation instruments. Sites for
mini-grid electrification only become visible once a
geospatial analysis has been conducted. Mini-grid
cost structures only become visible once tariff tools
and financial models for demonstration sites have
been prepared. Some policymakers are only prepared
to inform themselves about the topic once drafts of
policy documents are on the table. Pilot projects,
which require a first run-through of all processes
and trigger the drafting of respective tools and docu-
ments, are therefore indispensable for the progress
of the debate on the framework. International orga-
nizations offer technical assistance for pilot projects,
grant funding and related policy development. These
pilots must be used to close the debate and maximise
longevity of regulations. Longevity also means that
regulations shall only be reviewed at certain trigger
points with specific protections for existing projects.

The aim of the debate ought be to agree on a frame-
work for mini-grids that all stakeholders can rely
upon in the long term — one that provides mini-grid
operators with reliable cash flows that enable sus-
tainable operation, which then guarantees custom-
ers a reliable supply of electricity at affordable and
acceptable tariffs, thus unlocking the potential for
rural industrialization and job creation, resulting in
rural development.
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Rural electrification with clean energy mini-grids
is a fast way to supply highly reliable electricity
to rural towns and villages. In combination with
fourth generation business models, mini-grids
not only provide electricity at a quality superior to
the main grid, but advance rural industrialization
and development. The entrepreneurial spirit of the
private sector is key to unlocking the rapid rural
electrification brought forth by mini-grids.

The degree of private sector involvement depends
on decisions to be taken by government. In order to
be sustainable, mini-grids require a comprehensive,
long-term political commitment and a stable, reliable
policy framework. Governments are therefore
advised to select and adapt the delivery models from
a suitable combination of the following:

a) government control over mini-grids;
b) electricity tariff levels; and
c) subsidy levels.

Balancing these aspects could be achieved using

the Decision Tree as presented in Chapter 2, and by
designing the policy framework accordingly. Once a
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decision on how to electrify rural areas has been made
and, importantly, long term political support for the
selected model secured (often the most difficult task),
the mini-grid policy can be integrated into the rural
electrification policy and plan. Thereafter, regulatory
and contractual documents for the implementation of
the policy and plan must be developed.

When deciding on a delivery model and when design-
ing the “rules of the game”, the following mechanics
of mini-grid power supply to rural areas ought to be
considered:

1. Mini-grids in any delivery model, even if financed
with a high grant component, require a certain
level of revenue, i.e. a combination of tariffs
and subsidies, to operate sustainably. The long-
term availability of ongoing subsidies should
be guaranteed before, for instance, private
investment is attracted. The instrument used to
calculate the tariffs applicable under the selected
subsidy scheme (or vice versa) ought to be a Cost
of Service model. This model can be considered a
scale that always needs to be in balance to allow
mini-grids to operate sustainably. Government




actions that lead to an imbalance of the Cost of
Service model will automatically result in a failure
of mini-grid electricity supply, with the regulatory
authority considered as the guardian of the scale.

. The development of electricity demand in rural
areas is difficult to predict and influenced by a
number of factors beyond the control of the mini-
grid operator, making it important to introduce
demand risk mitigation instruments in the policy
framework. Usually, the demand development
followsacurve witharootfunctionshape. However,
the exact shape can only be projected with
adequate accuracy approximately three years into
the mini-grid operation. As the electricity demand
has a very high impact on the sustainability of
any delivery model, some demand risk mitigation
instruments must be foreseen in the related policy
framework. Such instruments may include phased
implementation, the adjustment of productive
use tariffs over time or a flexible subsidy scheme.

. The risk of a sudden end to the project due
to contractual or legal arrangements, i.e. the
termination risk, further ought to be considered by
policy makers and regulators. Mini-grid projects
usually take around ten years to break even. Only
after this time do investors begin to generate
profits. An early end to the operating phase
therefore leads to losses, which is why investors
only commit large-scale financingifthe termination
risk is mitigated. Termination risk is not only
related to the regulation of main-grid connection
to the mini-grid, but also to concession contracts,
lease agreements, usage rights agreements,
PPP contracts, land right agreements etc. All of
these legal and contractual documents should
preferably be designed without a predetermined
end date for mini-grid operation (or with a duration
exceeding 20 years and that can be extended) and
with reasonable and mandatory compensation
to the operator in case of early termination.

. Mini-grid roll-out schemes must be designed for
large-scale deployment. One of the largest cost
components in clean energy mini-grid tariffs is

usually fixed overheads, which are often spread
over far too few kWhs sold. To keep this tariff cost
component low, as a rule of thumb, over 15 ooo
connections should be targeted under the same
management. All regulatory and administrative
processes must be prepared to efficiently handle
the large volume of applications involved, both for
the applicants and the authority concerned. This
involves the approval of the same tariff for all sites
under single management, application processing
using internet technology, seamless collaboration
between various authorities involved and/or a
one-stop shop approach.

Once these four aspects are fully taken into account
in the policy framework, the foundation for a sustain-
able operation of mini-grids in the respective coun-
try is laid. From here, depending on the implementa-
tion model chosen, governments can provide further
support with additional measures. In some delivery
models, import duty, tax exemptions and tax holi-
days are helpful, while others require a geospatial
rural electrification plan that clearly indicates vil-
lages earmarked for mini-grid electrification. Other
models benefit from repatriation rules that encour-
age foreign direct investments or additional finan-
cial support for productive use of electricity and rural
industrialization, or require some form of partial risk
guarantee by the government.

The success of the deployed mini-grids will reflect
the level of trust that can be built between all stake-
holders, including electricity consumers, mini-grid
operators, donors/development banks, investors/
financiers, government representatives at all lev-
els, authorities and the general public. Therefore,
drastic and rapid changes in frameworks must be
avoided. Gradual changes must never unilaterally
generate disadvantages without compensation for
the respective stakeholder.

With this paper, policymakers have a tool at their
disposal with which they can finally disrupt trajec-
tories in the development of rural communities with
almost immediate effect by deploying mini-grids in
a rapid and sustainable manner.
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