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1

Executive Summary

Preamble
In Sub-Saharan Africa, a large proportion of the population do not have access to electricity, and
electrification rates are particularly low - especially in rural areas. This low electrification is a seen in other
parts of the developing world of Asia and South America. To address this gap, the World Bank’s Energy Sector
Management Assistance Program (ESMAP) in 2019 estimates that “by the year 2030, with the right
interventions and investments, about 500million people could be cost-effectively provided with electricity
through 210,000 (140,000 in Africa) mini grids at an investment cost of US$220million”. The combination of
falling costs, increase in the quality of service, and favourable enabling environments have made modern
mini grids a scalable option to complement grid extension and solar home systems. Innovations have spurred
private interest in mini-grids, that require better regulatory frameworks, that includes tariff setting to attract
required investment. A robust mini-grid policy and regulatory landscape plays a key role in addressing key
investment risks such as those related to licensing, tariff setting and main grid arrival. Yet, numerous African
countries face challenges in creating the structure in which their mini-grid markets can attract private
investment at scale.
The project “Mainstreaming mini-grid tariff settlement tools and methodologies across Africa Regulators
Project’’ seeks to engage various regulators around cost-plus/cost recovering mini-grids tariff
methodologies, as an effective approach to tariff setting across African Forum for Utilities Regulators (AFUR)
members, to deliver a fair return for private sector capital. Tariff tools also offer the additional benefits of
rapid tariffs settlement, transparency around cost incurred by both the developer and potentially public
entity (i.e., utility, rural electrification funds, regulator where applicable) and as such can inform the design
of a result-based financing (RBF) where applicable.
The project objectives include: (a) reviewing of existing tariff settlement methodologies of Nigeria, Sierra
Leone, Kenya, Tanzania and Zambia, (b) under-take an in-depth stakeholder engagement process to collate
inputs on tariff settlement to inform development of a standardised tool, (c) from the review and
stakeholders’ inputs, develop an enhanced standardised tariff settlement tool for African regulators to
streamline the process for use by regulators and developers, (d) obtain feedback on the tool developed more
specifically from regulators and ministries, as well as AMDA as a representative of the private sector (e)
support at least three AFUR members to adopt the tool. The ultimate goal is to provide a technical evidencebased tool for off-grid tariff settlements for use by both developers, regulators and other stakeholders.
To fulfil the above objectives, one of the activities undertaken by the project is a literature review of off-grid
tariff regulation approaches that are presented in this paper.
Lessons from the Literature Review
In cost-recovery tariff making practice the operating revenue of the mini grid should be sufficient to cover
the depreciation (recoup investment), operating expenses, taxes and a profit commensurate with risk. It is
the sum of these elements that is sliced and structured into tariffs and other charges to be collected from
various customer categories as revenues.
The literature review established that there are various tariff regulations approaches ranging from national
utility uniform tariff to individualized cost-based tariffs. Individualized cost-based tariff approach is the most
used approach, but is likely to be onerous on the regulators to process a lot of tariff applications as the
number of mini grid deployments increases. Simplified middle ground approaches like bundled tariff
approvals or benchmark tariffs or tiered regulation are used in some countries to increase efficiencies. Tiered
regulation is practised in Nigeria, Tanzania and Zambia where systems below 100kW installed capacity are
not regulated (light handed regulation). Instead the regulators allow isolated mini-grid operators to set tariffs
in consultation with local community members, such that the tariffs are high enough to cover costs but
Page 4 of 33

aligned with consumers’ ability and willingness to pay. Bigger mini grid systems above 100kW are regulated
using standardized tariff tools and tariffs need to be approved by the regulator.
Tariff determination through standardised methodologies increases regulatory efficiencies as it allows for
systematic assessment and approval by regulators and provides the basis for negotiations between the offgrid operator and its customers. Regulators may wish to consider developing appropriate tariff
methodologies outlining procedures and schedules for major and minor tariff reviews. This could include
tariff indexation or automatic tariff adjustment mechanisms to cater to specific items such as foreign
exchange depreciation, or primary fuel costs adjustments or inflation. Regulators should also consider
elaborating on the tariff methodology, any appropriate regulatory instruments and guidelines, and the
predictable mechanism for allowing or disallowing certain costs that might be considered unreasonable.
Regulators should also make transparent the process leading up to the tariff decision, for example, specify
whether the regulator consults with some or all stakeholders before making a tariff decision, whether that
consultation is private or public, and what other documentation are required to accompany a tariff
application.
Mini-grids tariffs are pivotal to the financial sustainability of the mini-grids investment. So, ultimately the
tariff regulations must enable investors to recover investment, operating costs and generate a reasonable
profit. Tariffs that recover costs include the following elements: Depreciation – to return capital investment
to investors; Operating costs – at efficient operating levels; Reserve margins – to cater to peak demand and
down-time; Return on investment commensurate with risk; and Taxes on returns on investments. The
efficiencies in operational expenses are derived from volumes in terms of numbers of sites, the load and
number of customers to be serviced, while the Allowed Rate of Return on Investment is the profit allowed to
the investor on their investment. Generally, the weighted average cost of capital (WACC) is used for return
on investments on the mini grids - Kenya caps return on equity at 18%, Cambodia at 10%, Nigeria at cost of
debt+6% with foreign exchange risk borne by developer. However, some expenses decrease with scale.
According to a World Bank’s Energy Sector Management Assistance Program (ESMAP) survey of 53 mini-grids
(ESMAP, 2019),Capex for solar hybrid mini-grids ranges from USD 1,420/kW to USD 22,689/kW,. Opex costs
differ by region, installed capacity, number of connections and experience of developers. The lack of
consistent business model metrics across mini-grid investment opportunities and markets inhibits
evaluations of returns on investments (ROI) on how mini-grids have performed over time.
To structure cost-based tariffs for each customer category one needs the cost of serving each customer
category. Utilities conducted a Cost of Service (COS) study to allocate costs to customer categories. But still
tariff structuring and cost of service is not an exact science. The literature review revealed various tariff
structures that are tabulated below:
Tariff Structure
(a) Energy-based tariffs
(b) Power-based tariffs

(c) Fee-for service tariffs

(d) Break-even tariffs

Description
dependent on the actual electricity consumed
based on measured kWh
based on the expected power consumption, which
in turn determines the maximum power available
for the consumers. These are also referred to as
Demand-charge tariffs levied based on the “size”
(watts) of connection to the network.
charge for services provided and not per unit of
energy - the tariff is based on hour or other units of
service
The charge is set at a level to ensure cost-recovery
of capital and operational expenditure, but no profit
margin. This is typically used in community minigrids
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Tariff Structure
(e) Profitable tariffs

(f) Lifeline or pro-poor (free-of-charge) tariffs
(g) Time of Use (ToU) tariffs

(h) Fixed charge plus energy-based tariff

Description
these would be higher than break-even tariffs to
enable sufficient returns on investment for private
sector operators. The “political” challenge with
profitable or cost-recovery tariffs is that they are
usually higher than the tariffs on the national grid
when viewed with lens on equity
aim to ensure that a minimum level of service is
made available to those that cannot afford to pay
are levied based on peak versus off-peak usage.
Usage at peak attract a higher charge because the
more expensive generator set, or battery back-up
are required to meet this peak time demand
The fixed charge covers the cost of metering and
other customer-related costs. The energy charge
will be the residual determined based on measured
kWh as above

Ideally, tariffs should be cost-reflective, such that an off-grid operator can reasonably expect that the total
revenues received from the tariffs paid by its customers will recover total operating and capital costs as well
as earn a profit. If cost-reflective tariffs are not allowed either because of informal political pressures or a
formal legal requirement for a uniform national tariff, the mini grid operator will not be commercially
sustainable and will require subsidies to remain in business. But governments should not deny a mini-grid
developer a chance to develop its project for lack of access to subsidy since “mini-grid consumers need
electricity much more than they need low tariffs” (SADC RERA 2013).
Even if mini grid owners are allowed to charge tariffs that are high enough to cover their costs, they still may
not be able to sign up many customers if the initial customer connection charges are too high. Moreover,
without an anchor customer to off-take a substantial load, the mini grid may still operate at a loss if the
average consumption of its customers is too low to produce enough revenue to cover the mini grid’s
operating costs. Approaches of enhancing the economic capabilities of communities is the best way to
achieve faster and more sustainable development progress while addressing the broad challenges of
affordability, low consumption, and financial viability of micro-utilities, as well as ensuring equitable
provision of electricity.
Recommendations
Every government needs to determine the mini grid policy and tariff regulatory approach that will work best
within its own unique context to ensure their actions attract more investments into rural electrifications by
both grid and off-grid systems. To this end government should consider a tiered regulatory framework such
that small mini grids (e.g., of less than 100kW) are not regulated, but developers set their own tariffs, in
consultation with the communities. This light-handed regulation should be counterbalanced by a proviso for
recourse in the event of abuse. Only bigger mini grid systems (e.g., >100kW) should be regulated using
standardized tariff tools and their tariffs need to be approved by the regulator.
Moreover, simplified approaches like bundled tariff approvals or benchmark tariffs should be considered to
enable processing large volumes of tariff applications fast and efficiently. It is also recommended that
regulators establish procedures and schedules for major and minor tariff reviews. This could include tariff
indexation or automatic tariff adjustment mechanisms to cater to specific items such as foreign exchange
depreciation or primary fuel costs or inflation. Regulators should clarify in the tariff methodology and tools
parameters that are fixed, (such as the allowed rate of return, capital structure) as well as mechanisms for
allowing or disallowing certain costs that might be considered unreasonable. The regulators should remove
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duplications, redundancies and unnecessary requirements to avoid delays that deter market entry by the
private sector, especially smaller operators.
Tariffs should be cost-reflective, such that an off-grid operator can reasonably expect that the total revenues
received from the tariffs paid by its customers will recover total operating and capital costs as well as earn a
profit. If cost-reflective tariffs are not attainable, the mini grid operator should be subsidised to offset the
revenue shortfall to avoid the mini grid becoming unviable and going out of business. Regulators should avoid
the grid bias of comparing national grid connected customers tariffs with off-grid tariffs because grid tariffs
are cross-subsidised. Regulators should instead calculate reasonable off-grid tariff levels by comparison with
avoided-cost tariffs, where tariff rates are set to reflect what consumers would otherwise have spent on preexisting power sources such as diesel or kerosene.
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2

Introduction

2.1 Context
In Sub-Saharan Africa, a large proportion of the population do not have access to electricity, and
electrification rates are particularly low especially in rural areas. This low electrification is a seen in other
parts of the developing world of Asia and South America. To address this gap, the World Bank’s Energy Sector
Management Assistance Program (ESMAP) in 2019 estimates that “by the year 2030, with the right
interventions and investments, about 500million people could be cost-effectively provided with electricity
through 210,000 (140,000 in Africa) mini grids at an investment cost of US$220billion. The combination of
falling costs, increase in the quality of service, and favourable enabling environments have made modern
mini grids a scalable option to complement grid extension and solar home systems. This will be an increase
from 2019, when at least 19,000 mini grids were installed in 134 countries across the globe providing
electricity to about 47 million people at a total investment of US$28 billion (US$5 billion of this investment
was in Africa and Asia). There are currently 7,500 mini grids planned, 4,000 in Africa, to connect over 27
million people, at an investment cost of $12 billion.” The following table ESMAP, 2019, summarises this
status:

Figure 1: Regional Trends (Source: ESMAP, 2019)
According to the AMDA-ECA 2020 Africa Mini grids Benchmarking Report “Mini grid companies are rapidly
reducing costs and are already significantly cheaper on a per connection basis in rural areas than their state
utility counterparts. Between 2014 and 2018, the average price per connection to the mini grid has fallen
from US$ 1,555 at the beginning of 2014 period to US$ 733 in 2018. Significant price reductions are emerging
as investments increase, and established developers have been able to reduce CAPEX pricing by 57% over
the reporting period. The costs for new companies entering a new African market have reduced by 33% in
the same period 2014-2018 while in well-established markets, experienced firms were on average 41% less
expensive than new developers in those same markets. Connections have grown from under 2,000
connections in 2016 to over 41,000 in 2019. These connections have provided over 250,000 people,
businesses and community facilities with high quality, productive energy, with most of these connections
being in East Africa, where the sector got an earlier start.”
For such gains, a robust mini-grid policy and regulatory landscape plays a key role in addressing key
investment risks such as those related to licensing, tariff setting and main grid arrival. Yet, numerous African
countries face challenges in creating the structure in which their mini-grid markets can attract private
investment at scale. They are facing challenges related to:





electrifying of rural areas, by both grid and off-grid, is very expensive
the administrative challenges of licensing and regulating an increasing number of mini grids
the difficulties inherent in having different tariff levels throughout the country for these off grids
uncertainty within the market related to grid expansion and growth in electricity consumption
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Mini-grids development is therefore still hampered by several factors including a challenging regulatory and
political environment. This is the case for tariff settlement processes which tend to be cumbersome and a
lengthy process for developers and regulators alike.
This project “Mainstreaming mini-grid tariff settlement tools and methodologies across Africa Regulators
Project’’ seeks to engage various regulators around cost-plus/cost recovering mini-grids tariff methodologies
as an effective approach to tariff setting across African Forum for Utilities Regulators (AFUR) members to
deliver a fair return for private sector capital. Tariff tools also offer the additional benefits of rapid tariffs
settlement, transparency around cost incurred by both the developer and potentially public entity (i.e.,
utility, rural electrification funds, regulator where applicable) and as such can inform the design of a resultbased financing (RBF) where applicable.

2.2 Scope
The ultimate goal is to provide technical evidence-based tool for off-grid tariff settlements for use by both
developers, regulators and other stakeholders. The project objectives include: (a) reviewing of existing tariff
settlement methodologies such as Nigeria, Sierra Leone, Kenya, Tanzania and Zambia, (b) under-taking an indepth stakeholder engagement process to collate inputs on tariff settlement to inform development of a
standardised tool (c) from the review and stakeholders’ inputs, develop an enhanced standardised tariff
settlement tool for African regulators to streamline the process for use by regulators and developers, (d)
obtain feedback on the tool developed more specifically from regulators and ministries, as well as AMDA as
a representative of the private sector (e) support at least three AFUR members to adopt the tool.
To fulfil the above objectives, one of the activities undertaken by the project is a literature review of off-grid
tariff settlement approaches that is presented in this paper.

2.3 Methodology
The literature review, on off-grid tariff settlement approaches, relied on secondary source of data. This
entailed reviewing existing publicly available documentation and reports on mini grids tariff regulation. The
focus was on off-grid tariff considerations, approaches, and structures. The literature is from a range of
sources including existing research studies, regional and international publications, which are provided in the
references section.

3

The setting of a mini grid policy and tariff regulation framework

3.1 Policy and tariff regulatory framework
The policy and regulatory framework include the development of tariff guidelines for grid-connected
renewable energy systems and off-grid systems. It is in designing mini-grid policy and regulatory framework
that either an intensive (active) regulation or a light-handed (passive) policy and regulatory framework is
opted. The manner of licensing tends to be mirrored in the tariff regulation, either or both light handed and
fully regulated. Regulatory framework can lower risks to mini-grid developers through transparent rules on
licensing or registrations, setting tariffs, and preparing for the arrival of the country’s main grid. In the cost
recovery and tariff regulation, the regulatory framework offers a guideline on how to price an off-grid system,
as well as determining what price can be charged to retail customers. A range of approaches to make this
determination are discussed in later parts of this paper.
A key function of policies and regulations is to protect the public from exploitation by what will effectively
be private monopolies within the licence area. In 2021, the African Development Bank (AfDB) published the
Electricity Regulatory Index (ERI 2020), ranking the advancement of economic regulation in 36 African
countries. The ERI 2020 focused specifically on grid regulations rather than off-grid regulations. However, it
should be noted that in most countries, off-grid regulations has tended to be a mirror extension of the grid
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regulatory approach. In this regard, the following ERI 2020 key observations are equally relevant for both
grid and off-grid regulations: 1) “Predictable tariff methodologies should be put in place to permanently guide the regulator’s action
on tariffs
2) A pricing methodology should be developed by the regulator based on formulas, procedures and
schedules set in advance and known to stakeholders
3) Vulnerable and low-income consumers should be considered in determining prices and tariff
structures
4) Countries that have developed regulatory frameworks have exhibited better performance in
attracting necessary investment” (AfDB, 2020 ERI)
As stated, tariff regulations are only one piece in creating a policy and regulatory framework for mini-grid
development. Tariff regulation should therefore be looked at within the whole context of off grid policy and
regulatory frameworks. In this regard, the International Renewable Energy Agency, (IRENA 2018) outlines
five steps to developing a holistic policy and regulatory environment for mini grids, within which tariff
regulation is a key component:






Analysis of existing constraints and conditions
Formulation of role of mini grids in rural electrification
Identification of general and technology-specific policy and regulation mini grids
Introduction/adjustment of mini grid policy and regulatory framework
Practical application of policy and regulatory framework

Based on the above the schematic below extracts from IRENA (2018) four policy and regulatory framework
elements of which cost recovery and tariff regulation forms the focus of this literature review paper.

Introduction/adjustment of mini-grid policy and
regulatory Framework

Policy
Legislation

Legal licensing and provision

Regulations
Cost recovery and tariff regulation
Financial support to the mini-grids
Grid interconnection upon main grid
arrival

Tariff Methodology
Tariff Settlement
Tool/Model

Figure 2: Mini grid policy and regulatory framework
The above schematic shows that recovery and tariff regulation is addressed as part of the wider mini-grid
policy and regulatory framework which includes matters related to legal licensing and provision, financial
support to the mini grids and the question on grid connection upon grid arrival. In terms of hierarchy of
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development, policy is developed first to set the tone on regulation, then the policy is translated into
legislation. The legislation is operationalised through regulations which will spell out of the tariff regulation
principles or methodology. The tariff tool is informed by tariff methodology. It is therefore important to note
that the tariff tool is the last piece in the regulatory value chain as shown in the schematic above and all the
other elements must be put in place as they are complementary to each other. While it may be acknowledged
that all the above pieces may not be in place or are still evolving, it will be a big ask to try to plug the missing
pieces through the tariff tool. The tariff tool just enables a calculation of the tariff that is informed by other
the elements (policy, legislation, regulations, and tariff methodology).

3.2 Role Players and Considerations in Tariffs Regulation
There are three groups of stakeholders which play core role in the cost recovery tariff regulation. These
groups are engaged, and their inputs are weighty in any discussions around off grid tariff regulation:
Role Player Group
“Governments – Ministries,
Regulators, national treasuries,
(may also include governmentowned national utilities and
rural electrification agencies) responsible for setting policy
and creating and enforcing
regulation
that
balances
stakeholders’ diverse interests

Considerations
 Electricity is generally viewed as a public good, and thus from a
government perspective, equity and fairness are paramount
concerns.
 Many state-utility-related capital expenses are heavily subsidized
through direct investment or long-term subprime loans. These
costs are typically not reflected in national tariffs.
 Shortfalls are met through subsidies. Subsidies are onerous to
treasuries and create a disincentive to utilities to expand
connections, and make mini-grids uncompetitive as they don’t
have access to those government subsidies
 Minimizing subsidies and applying them equally should be an
important goal

Developers including their 
investors - manage the planning,
construction, commissioning,
operation,
and
revenue 
collection for micro-grids, and
accountable to members of the
investment or donor community
that have financially backed
their projects (and may also 
have a set of requirements or
conditions of their own)

Developers are primarily concerned with recouping investment
and operating expenses and seek confidence in their long-term
ability to provide returns to investors
Developers and investors want to be confident that any
agreements, tariff approvals, or subsidies on which their financial
and operational viability depends will be valid for the
concession/license durations to ensure not only cost-recovery but
also profitability
Developers desire confidence that they will be able to sell to the
grid at the agreed-upon tariff or be otherwise compensated for
their assets in the event that the national grid does eventually
expand into their service territory

Consumers/customers – these 
are final users of the electricity.
They will be interested in
affordability and quality service. 
Consumers includes households,
businesses, public lighting, etc

Typically, consumers do not have direct control over tariffs, but
their concerns and subsequent decisions influence the
considerations of both governments and developers.
For example, their perceptions of and willingness to pay tariffs and
fees can have political impacts for governments as well as real
impacts on system design, customer connection rates, load growth,
and financing considerations”
Source: Tariff Considerations for Micro-Grids in Sub-Saharan Africa, NREL 2018
These stakeholders need to work hand in hand in order for frameworks and tools to succeed. However, the
only way in which this can be replicated in multiple countries, is with the development of a standardised
tariff settlement tool and framework.
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3.3 The Need for standardised tariff settlement tools and frameworks
There is growing deployment of mini grids in Africa with about 4000 mini grids planned (ESMAP, 2019). The
World Bank estimates that Africa requires 140,000 mini grids, deployment to achieve SDG 7 (SDG7 is to
ensure access to affordable, reliable, sustainable and modern energy for all). Tariff regulations is an
enormous challenge which requires proactive measures to ensure that regulations do not become a barrier
but rather an enabler to support the growth of the off-grid sector. The consequent high volumes of tariffs
applications will need to be approved consistently and rapidly to support investments in the off-grid sector.
To this end there is need for: 



Tariff regulation to be adapted to be able to approve hundreds or thousands of small projects over a
short period of time
Allowing tariff approvals to be made in batches (bundled or portfolio approval) rather than
individually
Development and adoption of more standardised and even automated approval processes that allow
these higher volumes of tariff approvals at greatly increased speeds.

As per the figure below (Figure 3) a standardised tariff settlement tool will lead to the regulatory efficiency
by engendering consistency, predictability, comparability, completeness, and speedy processing of off grid
tariff applications:


Consistency



Certainty



Predictability



Comparability



Fast



Completeness of tariff
applications

Regulatory Efficiency

Figure 3: Regulatory efficiency from standardised tariff tools
This will stimulate regional harmony across tariff frameworks. It will also provide a guideline on how these
frameworks apply to micro-grids, which is an important first step to encouraging the wider deployment of
micro-grids and accelerate the electrification of sub-Saharan Africa’s diverse rural communities. Having a
standardised tool, however, does not take away the fact that there is no perfect, one-size solution, and that
tariff methodologies are only one part of the picture. There will be need for flexibility and transparency when
developing a tariff for mini-grids, as a whole.

3.4 Mini Grids Cost-Based Tariff Build-Up
Tariff regulation determines the mini grid operators’ ability to set end-user tariffs and has a direct bearing on
the viability and sustainability of mini grids. Tariffs affects project cash flows, the availability of funds for
management, operation and maintenance, and investment recovery. Cost-covering tariffs are therefore one
way of ensuring economic viability of private sector mini grids. Generally, to be sustainable mini-grid
operation requires that tariffs are set at a level sufficient to cover:
1) Infrastructure capital expenditure (Capital costs or Capex)
2) Efficient operational expenditure (Opex)
3) Risk-equivalent returns (Return on Investment (ROI) or Internal Rate of Return (IRR))
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3.4.1

Capital Expenditure (Capex)

The total cost of constructing a new mini grid project (capex), for an off-grid solar hybrid mini-grid system
combining PV, battery storage and diesel remains high for many rural customers. Capex for solar hybrid minigrids ranges from USD 1,420/kW to USD 22,689/kW, according to a World Bank’s ESMAP survey of 53 minigrids (ESMAP, 2019).
While costs for key equipment such as PV modules and batteries have fallen, costs for other components
have not and may be difficult to reduce. In addition, almost no two mini-grids are alike. Projects are typically
customized, administrative processes are lengthy and cumbersome, and engineers must often travel to
remote sites for installations. According to ESMAP and the Rocky Mountain Institute, capex accounts for 60–
65% of the cost of electricity for well-run off-grid solar hybrid combining PV, battery storage and a backup
diesel generator.
A benchmarking study, on current mini-grids deployed in Africa, undertaken by AMDA and Economic
Consulting Associates (ECA) shows that the mini grid capital costs have been coming down (Figure 4):

Figure 4: Mini grids capex trends (Source: AMDA-ECA 2020 Benchmarking Africa’s Mini Grids Report)
As per the figure above, Capex trends observed amongst Africa mini grid developers indicate that: 




Although costs have been decreasing on average, there is still a significant difference in costs between
developers’ sites ranging from about US$ 4,000/kW for the lowest cost site to about US$ 11,000/kW for
the highest cost
Costs also vary from country to country and within country between developers because no one project
is alike.
“Cost variations are driven by expertise in:
o site selection, size and number of installations - average costs per kW installed decreases as
developer portfolios increase. Economies of scale, investment and regulatory stability play
major roles in final construction costs. Looking at solar, over the last decade, global prices of
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o

o

solar PV panels and batteries decreased significantly and have played a role in the trend of
decreasing minigrid costs. However, global pricing is derived from bulk procurement. Given
that only 2,468kW have been installed across all AMDA developers, procuring assets at the
global market price is not possible and will not be possible until considerably larger portfolios
are developed and asset procurement is significantly larger
efficiencies over time in navigating regulatory compliance, procurement, and importation that
drive down costs. There is much more than global price of equipment to consider when
evaluating capital expenditure (Capex) costs as shown in the next graph. The additional costs are
logistics, site development as well as import duties and sales taxes that could attribute up to 40%
of the final project capex costs, and
driving down distribution costs” (Source: AMDA-ECA)

The ECA AMDA 2020 study also provide a Composition of Capex Costs









“Generation assets costs (38% to 49%) – includes the cost of installation of assets relevant to the
generation and supply of electricity such as solar PV panels, balance of system, batteries, back-up
diesel generators and other relevant assets
Distribution assets costs (21%) – includes the cost and installation of assets and equipment related
to delivering electricity to the end user and includes items of wiring, pole insulators and safety
equipment
Logistics costs (6% to 7%) - includes cost associated with transporting equipment, storage costs and
logistics during planning, construction and labour
Site development (12%) – cost associate with preparing the site for construction
Import duties and VAT (0% to 6%) – includes and duties and VAT/sales taxes paid on assets that are
not exempt and are incurred.
Metering and termination (10% to 17%) – includes costs of overhead accessories for dropline to the
home, meters and other costs for customer connection, including internal wiring and basic power kit
of light and socket”
(Source: ECA-AMDA 2020, Mini Grids Benchmarking Report)

This offers greater information on the trends in customer connection costs. “World Bank funded programs
to national utilities yielded US$ 4,000 per connection on average between 2000-2014. National utility
connection rates in Zambia range for US$ 800-26,000 per connection and estimations for rural utility
connections in Tanzania are US$ 2,300” (ESMAP, 2019). AMDA-ECA benchmark report also indicated that
mini grids average less than US$ 1,000 per connection, further illustrating the increasing competitiveness of
mini grids in rural electrification. However, it should be noted that there is no cost and service comparisons
between different electrification options (grid versus off-grid) to conclusively compare like for like projects.
This is a similar situation with Opex related costs.

3.4.2

Operation and Maintenance Expenditures (Opex)

Operating expenses (Opex) are categorised into fixed opex and variable opex. Fixed opex do not change with
the volume of kW (load) consumed, while variable opex will change correspondingly with change in volume
kWh consumed. This distinction is considered in some tariff designs where the mini grid operator wants to
have a fixed charge in the tariff that is designed from of all fixed costs. The following table extract from the
AMDA-ECA benchmark report illustrates the typical fixed and variable operating expenses
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Opex Components
Fixed Opex
 Customer relationship management
 Guards and cleaning staff
 Insurance
 Local management and billing
 Local power plant operations
 Maintenance including travel costs
 Senior management, travel and transaction costs
 Taxes and fees
 Technical losses
Source: BloombergNEF 2020

Variable Opex
 Battery and inverter depreciation
 Diesel fuel
 Lubrication oil
 Variable maintenance
 Non-payment and theft
 Variable taxes
 Load dependent technical losses

Opex trends
Opex costs differ by region, installed capacity, number of connections and experience of developers.
Efficiencies in operational expenses are derived from volumes in terms of numbers of sites, the load and
number of customers to be serviced. Some expenses decrease with scale. For example, operating and
maintenance (O&M) costs and central operations costs will decrease as the number of sites increase due to
economies of scale. The African mini-grids bench-marked by AMDA-ECA reports that opex are high because
the number of mini grids per developer are low, the sites are small, remote and far between. It contends
that, “when maintenance and repair are needed, it often involves sending a team on a multi-day journey due
to the remoteness of minigrid sites. Those costs will be difficult to reduce until developers do have large
numbers of sites and can afford to have regional and local offices servicing multiple clustered sites. A further
driver of high opex costs is the cost of diesel where the mini grid has a generator back-up. Many regions see
seasonal shifts in solar exposure and must rely on diesel generators as back-ups. Logistics and the lack of
secure fuel supplies can provide further challenges to developers.” (Source: AMDA-ECA 2020)

3.4.3

Returns on Investment

Allowed Rate of Return on Investment is the profit allowed to the investor on their investment. Generally, a
weighted average cost of capital (WACC) is used for return on investments on the mini grids. Kenya caps
return on equity at 18%, Cambodia at 10%, Nigeria at cost of debt+6% with foreign exchange risk borne by
developer. The lack of consistent business model metrics across mini-grid investment opportunities and
markets inhibits evaluations of returns on investments (ROI) on how mini-grids have performed over time.
There are still market-risk related challenges including: 1) uncertainty about which anchor/productive load
models could be viable, and 2) insufficient economic growth to drive demand growth, that stymies attractive
ROI. (Scaling up Renewable Energy (SuRE) 2021).

3.4.4

Summing it all together in a “cost-plus” tariff calculation

Taking into account all the above, the tariff tool is a form of a “cost-plus” tariff calculation in which the
regulator determines the tariff for each individual micro-grid based on a full accounting of the developer’s
full costs (both capital and operational; hard and soft) as well as required investor returns and profit margins.
Additionally, these tariff approvals should be guaranteed for a long enough duration—at least as long as the
payback period and incorporate appropriate cost-indexing to provide much-needed certainty to investors,
with specific processes and options in the event of eventual grid connection detailed in advance.
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If social or political concerns of equity and fairness remain, then subsidies could be provided directly to the
mini-grid to bring down their tariff rates.

4

Mini Grid Customer Categories and Revenues

4.1 Customer Categories
Typically, off-grid system areas will have the following customer categories that vary widely in numbers and
sizes which in turn determine their load and sizing of the off grid system on site:






Residential/households
Business ranging from basic shops that only uses lighting to those with appliances like fridges
Anchor customers - Mines/Timber Mills/Large Business
Street Lighting
Institutions – schools, health centres, administrative centres, etc

“Productive use customers like businesses, health centres, mines, mills, and timber producers drive higher
kWh consumption for mini-grids and therefore improving the mini grid viability. With an anchor customer,
connecting the surrounding community households, shops, restaurants, and institutions such as schools
contributes to more kWh consumption. Except for the mini-grids with productive use anchor customers, the
mini-grids are not generating enough operating revenues to meet their operating expenditures, recoup
investment, and make a commensurate return on investment.” (Tetra Tech/USAID SuRE, 2021)

4.2 Operating Revenues of a mini grid
In cost-recovery tariff making practice the operating revenue of the mini grid should be sufficient to cover
the depreciation (recoup investment), operating expenses, taxes and a profit commensurate with risk. It is
the sum of these elements that is sliced and structured into tariffs and other charges to be collected from
various customer categories as revenues. After this structuring, mini grids collect revenues from the
following streams:




Electricity sales – tariff revenues
Connection fees and re-connection fees
Grants or subsidies and/or fiscal incentives

Of these revenue streams, the two key drivers of mini-grid commercial business models are the volume of
electricity (kWh) sold and the tariffs charged. The higher the volumes kWh sold the higher the revenues. The
relationship between higher tariff charge and higher revenues is only true up to a certain point. Higher tariffs
beyond affordability level will discourage consumption and therefore dampen revenues. The following table
shows sources of revenues in select reference countries found in the literature review:
MINI-GRID CUSTOMERS AND OPERATING CAPITAL
Case Study/
Reference Country
Cambodia

Ethiopia
India

Revenue Sources
Sources speak of 600 mini-grids, connecting 180,000 households (roughly 0.9 million
people) and 7,000 businesses.
In addition to electricity sales revenues, many licensees are engaged in other
businesses (for example, private lending, or agribusiness).
The five mini-hydro grids have residential, institutional and business customers. Their
source of operating capital is EnDev donor grant funding.
Customers types are residential, institutional, business, productive use and anchor,
such as mines, timber mills, agri-processors and big businesses. They generate
operating capital from the existing connected customers as well as an innovative tariff
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MINI-GRID CUSTOMERS AND OPERATING CAPITAL
Case Study/
Reference Country

Kenya

Nigeria

Democratic
Republic of Congo
Rwanda
Tanzania
Zambia and
Senegal

Revenue Sources
design that provides some grant funding from
corporate social responsibility and
shared value programs to ensure mini-grid continuity.
Operating capital is generated from connected customers. The grid connections are
cross-subsidized through a uniform tariff with the national utility tariff. The mini-grids
have residential customers, institutional customers, and businesses as anchor
customers. However, household consumption is very low, with some mini-grids
reporting household consumption of less than 1 kWh per month.
Most mini-grid customers include both households and businesses. Economic activity is
one of the key parameters that one developer, GVE, looks at when choosing a site. One
mini-grid developer plans on having 89 commercial and industrial customers. Nayo’s
mini-grid in Awka provides power exclusively for productive customers, notably timber
producers. Its operating capital is generated from connected customers.
Tshikapa’s mini-grid was planned to serve the parent mining company. The
neighbouring households are connected as part of the mining company’s corporate
social responsibility engagement. Revenues are mainly from the mining company with
some from connected households.
The overall consumption of energy and ability to pay in rural areas is very low, e.g., in
some Rwandan households, demand ranges from 2 kWh–7 kWh/month.
Customers are productive use anchor customers, mainly mines, and connected
neighbouring households. The revenues mainly come from these connected customers.
The main customer base is rural households plus a few productive uses by businesses
and institutions. These customers are the mini-grids’ main sources of operating
revenues.

Source: Tetra Tech/USAID SuRE 2021

The sources of revenue streams are important in the financial viability of mini grids. A diverse revenue stream
from a diverse range of customers affects the load profile of the mini grid which in turn affects the costs of
mini grid and therefore the tariffs. For instance. mini grids with business customers can shift some of the load
to during the day, and therefore offer more options for recovering costs from day users, as opposed to a mini
grid that is heavily reliant on residential customers. Such spreading of load reduces the cost of investing in
expensive back up or batteries and thus mitigates spikes in tariffs. A diverse customer base also allows for
opportunities for cross-subsidization, e.g., between households and business, of the tariffs to achieve
affordability for the customer category benefitting from the cross subsidy.

5

Mini Grid Tariff Approaches and Tariff Structures/Design

5.1 Tariff Approaches
The World Bank’s ESMAP identifies five high-level mini grid tariff approaches in a select number of countries
in Africa. These approaches are:
1) Uniform National Tariff. Regulator sets standard national tariff for all mini-grids that is equivalent to
the main grid tariff. In many cases, energy regulators consider only the current cost of service delivery
when setting national tariff rates and do not consider the added costs of new investment, meaning
many utilities in sub-Saharan Africa cannot afford to extend the grid or add capacity while charging
existing national tariffs without incurring significant losses or requiring additional direct subsidies.
2) Benchmark/Efficient New Entrant tariff: Regulator sets single benchmark tariff for all mini-grids,
estimated as the cost of service for an efficient new market entrant
3) Bid Tariff. Tariff set at the lowest price bid by mini-grid developers in a competitive process
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4) Individualized Cost-Based Tariff: Regulator develops tariff limits for each mini-grid individually based on
the estimated cost recovery tariff for that mini-grid (standard tariff for all customers/households served
by that mini-grid)
5) Willing Buyer/Willing Seller: Tariff price set through an agreement with the mini-grid developer and
customer (either individual customers or a community of customers)
ESMAP identifies the following African countries to be using these tariff approaches:

Source: NARUC 2020
The National utility uniform tariff and the Individualized cost-reflective tariffs represents two extremes at
either end of the spectrum with the other approaches being perceived as being in between. In the next
section we discuss the pros and cons of the National utility uniform tariff versus the individualized costreflective tariffs.

5.2 Pros and Cons of national uniform utility tariff versus cost-reflective tariff approaches
Tariff Option
Benefits
1) National Utility Uniform Tariff  Provides a sense of fairness
(e.g., Ghana* in 2017)
and equality across all
customers
(politically
acceptable). Rates may be
cross-subsidized or directly
subsidized by the government
to keep electricity prices low
and affordable.
 Customers are charged a
uniform tariff regardless of
whether they are connected
to the national utility grid, a
rural utility grid, or an isolated
micro-grid.
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Drawbacks
 National tariffs are the most
restrictive
for
mini-grid
developers as it forces them to
compete with rates far below
what they would otherwise
charge to recoup expenses
 National tariffs are often simply
too low to attract investors to
develop micro-grids in rural
areas
 The tariff may be set nationally
uniform, the costs of providing
power are not, which greatly
distorts the market for rural
energy providers

Tariff Option

Benefits

Drawbacks
 Lack of cost-reflective tariff
also create disincentives for the
utility to expand the grid
 Remote customers connected
to micro-grids could become
upset that they pay more than
those tied to national grids,
which could lead to reduced
revenue collection rates in
addition
to
political
consequences
 Uncertainty on what happens if
the national grid ever does
reach communities currently
served by cost-reflective microgrids-Does the higher costreflective tariff remain?

2) De-regulated individualised  attract micro-grid investment
Cost reflective Tariffs**
by providing a viable means
for developers to recoup costs
and investors to secure
returns, and can thus increase
the
overall
speed
of
deployment of new microgrids
 reduce the financial burden on
already financially stressed
national utilities
 cost-reflective tariffs may also
decrease over time once initial
capital expenses have been
fully paid back
*As a result a number of microgrids operating in Ghana face tariff challenges, e.g., the Ghana Energy
Development and Access Project (GEDAP) has funded 5 micro-grid projects, but the tariffs being collected do
not even fully cover operational costs (Source: NREL Report, Page9).
**Cost reflective tariffs is the other opposite end of the spectrum from national utility uniform tariffs.
Developers of mini-grids are free to set their own tariffs at a rate that is high enough to allow them to recover
their costs—both capital and operational. Sometimes, these are also subject to regulatory approval.
Generally, cost-reflective tariffs will be higher than rates charged to existing grid customers, but they are still
determined through an implicit agreement between customers and micro-grid operators such that
customers are willing and able to pay. Often the cost-reflective rate that would be charged by a micro-grid
developer, is higher than national uniform utility grid rates, but lower than what unconnected customers are
paying for energy services in the form of kerosene, candles, batteries, or other fuels.

5.3 In-between National Tariff and Deregulated Cost-reflective Tariffs
Between these two ends of the spectrum, there are a range of compromises and other options, such as (but
not limited to):
1. Allowing cost-reflective tariffs only after explicit and thorough regulatory review and approval potentially
with a subsidy of initial energy consumption by specific user classes to address customers at the bottom
of the socioeconomic spectrum
2. Allowing cost-reflective tariffs for micro-grids but providing grants or subsidies to reduce the cost of
power from those systems to one that is more consistent with the tariff charged to grid-tied customers
3. Regulator-determined tariffs based on the full costs of building and operating a specific micro-grid,
including costs of financing and required returns and profit margins (often referred to as a “cost-plus”
methodology)
4. National utility tariff schemes that account for the higher cost of micro-grids by charging higher rates to
all customers (including those tied to the grid) to balance the cost of micro-grids
5. Setting size thresholds and regulating tariffs differently for micro-grids of different capacities—e.g., fully
deregulated cost-reflective tariffs for small systems, an intermediate level of tariff regulation for
medium-scale systems, and a uniform national tariff for the largest systems
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As stated, there is no one size fits all approach. The literature review has shown that countries are using a
diverse range of approaches and some of those approaches have evolved over time based on changing a
country’s own circumstances. It is generally observed that mini grids are seeking subsidies to be able to lower
tariffs to what their customers are able and willing to pay, such that the tariff is determined as residual after
the subsidy. The most observed subsidy is to cover the connection costs so as to increase access by defraying
the high upfront connection cost which most rural communities cannot afford. Donors supporting this kind
of connection subsidy are using result-based financing where the mini grid is compensated for the cost
incurred in connecting customers. Such connection subsidy (result-based financing) incentivises the mini grid
to increase the number of connections so that they can access this funding. The subsidization of connection
subsidies ultimately lowers the tariff charged also as it defrays the connection capital costs.

6

Tariff structures and Role of Subsidies/Incentives:

6.1 Types of Tariff Structures
Tariffs Structure is the means by which allowable revenue (costs+ depreciation + return + tax) are recovered
from the various customer categories. To structure cost-based tariffs for each customer category one needs
the cost of serving each customer category. Utilities conduct a Cost of Service (COS) study to allocate costs
to customer categories. But still tariff structuring and cost of service is not an exact science. Regulators may
make other considerations such as inter and intra customer categories subsidies to achieve a certain policy
objective such as creating a lifeline tariff to protect low consumption low-income group. However, “there is
no standard tariff design that can be applied to all contexts, since technology, scale, geography and
customers vary” (www. www.usaid.gov/energy/mini-grids/regulation/tariffs). The literature review revealed
that the following typical tariff structures:
Tariff Structure
Energy-based tariffs

Power-based tariffs

Fee-for service tariffs
Fixed charge plus
energy-based tariff
Lifeline or pro-poor
tariffs
Break-even tariffs

Profitable tariffs

Time of Use (ToU)
tariffs

Description
Is a volumetric tariff design where the charge depends on the actual electricity
consumed and are thus based on measured kWh
are based on the expected power consumption, which in turn determines the
maximum power available for the consumers. These are also referred to as
Demand-charge tariffs levied based on the “size” (watts) of connection to the
network
charge for services provided and not per unit of energy. The tariff is based on hour
or other units of service
The fixed charge covers the cost of metering and other customer-related costs.
The energy charge will be the residual determined based on measured kWh as
above
aim to ensure that a minimum level of service is made available to those that
cannot afford to pay
are typically used in community mini-grids to ensure cost-recovery of capital and
operational expenditure
these would be higher than break-even tariffs to enable sufficient returns on
investment for private sector operators. The “political” challenge with profitable
or cost-recovery tariffs is that they are usually higher than the tariffs on the
national grid when viewed with lens on equity
are levied based on peak versus off-peak usage. Usage at peak attract a higher
tariff because the more expensive generator set, or battery back-up are required
to meet this peak time demand
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There are some generic practical considerations in tariff design structures, that could be considered to ensure
that ultimately the mini grid is able to collect enough revenues to be commercially viable. These will include,
but not limited to the following:






using connection fees or other flat surcharges to recoup some costs (thus decreasing the per-kWh
tariff that must be charged)
calculating shorter payback timelines (thus increasing the per-kWh tariff that must be charged) or
structuring tariffs to decrease over time so as to enable capital payback early on while alleviating
consumer concerns of being locked into high tariff rates indefinitely
a comparison of cost-reflective tariffs against existing national tariffs and deriving the scale of subsidy
that needs to be provided the off-grid project to make it commercially viable
allowing for automatic adjustments for variations in rates of inflation, fuel price escalation, and
financing costs

Depending on the structure of the tariff, it can attract a different range of subsidies which make the minigrid more attractive to the public and its users.

6.2 The Role of Cross-Subsidies and Government Incentives
Any mass deployment of mini grids to achieve significant advances in energy access will require either:
1) Significant increases in allowable tariff rates (e.g., cost-reflective tariffs), or
2) Large-scale subsidies or other financial support for micro-grid developers and operators, or
3) A combination of the above two.
The ability to set cost-reflective tariffs also depends on what customers can afford to pay. When operators
cannot recoup capital and operating costs through tariffs that are cost-reflective, they typically need
subsidies. Subsidies therefore ultimately impact the tariffs and are of interest when developing a tariff
settlement tool. Sometimes, mini-grids developer requirements for subsidies are often directly related to the
tariffs they can charge customers. Certain countries place limits on power prices to protect poorer rural
consumers leaving a revenue gap to be met through a subsidy. The subsidies can be for a capital expenditure
(capital expenditure subsidy, such as connection subsidies) or for opex-operating expenditure subsidies.
Subsidies and government incentives should be accessible to both public and private sector entities delivering
off grid rural electrification. The objectives of subsidies include:
1) promoting universal access to electricity e.g., increase the number of connections
2) influence siting mini grids to increase access in unelectrified areas, improve the availability of the
service in underserved areas
3) allow private operators to run sustainable businesses by being profitable within a reasonable
margin - Typically, subsidised systems require tariffs to cover at least management, operation, and
maintenance costs, while private operators strive to also cover capital costs plus a risk-equivalent
return
4) lower the tariff paid by mini-grid utility customers and bring that tariff closer to the national average
tariff paid by the grid connected customers
5) keep the micro-grid in business to continue providing service
6) Stimulate bankability of micro-grid projects and to stimulate private investment – by developing a
combination of a robust tariff framework that allows cost reflectivity coupled with
incentives/subsidies to plug the gap between cost reflectivity and affordability
Governments should not deny a mini-grid developer a chance to develop it project for lack of access to
subsidy. A regulator should not take actions that would nullify or reduce the effect of the subsidy, instead
the regulator should take actions that help to ensure that the subsidy is delivered to its intended target
(either the mini grid or its customers) as efficiently as possible. Mini-grid consumers need electricity much
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more than they need low tariffs. To have access to electricity which can be used for a wide range of end uses
is a huge improvement in people’s lives, opening up all sorts of income earning and social enhancement
possibilities (SADC RERA, 2013). Even when charging rates above national tariffs, micro-grids typically still
deliver overall cost savings to their customers while bringing the broader-reaching socioeconomic benefits
of access to reliable electricity (NREL).
Cross-subsidies between customers
Cross-subsidization of tariffs can be another viable and proven mechanism to balance a sense of equity and
fairness for different customers while increasing the ability of power suppliers to more effectively recoup
their costs. A cross-subsidy charges one group of customers a higher rate than they would otherwise be
charged and uses the surplus revenue to subsidize lower rates for another group that is below their individual
cost of service. Cross-subsidization schemes that could be applied in mini grids include:










customer-class tariff could be used to charge a higher rate to a large anchor consumer (such as a mine)
with slightly lower rates for businesses and the lowest rates for low-income households
a quantity-of-use or capacity-based tariff (based on their maximum peak consumption) could be charged
to ensure that all consumers are provided a subsistence level of electricity at an affordable rate (i.e., a
lifeline tariff), with heavier consumers cross-subsidizing that low rate. But cross-subsidies that place
undue burden on high-energy users could run the risk of driving larger consumers to invest in rooftop
solar PV systems or other onsite generation
time-of-use: Different rates are charged depending on the time at which power is used, with higher rates
being charged at times when demand is highest to allow lower rates at low-demand times
different tariffs could be applied to different levels of service quality - customers that demand the highest
quality of service could pay more to cross-subsidize lower rates for a basic level and quality of service for
lower income customers
charging higher rates to grid-tied consumers to cross subsidise mini-grid customers (but such tariff
schemes are often more difficult to administer)
if funding is available, governments may also decide to subsidize the upfront costs of a mini-grid in order
to reduce the end-user tariff
In contexts where national uniform tariffs are applicable (for rural and urban consumers), viability gap
funding (subsidy) often becomes necessary.

Community Ability and Willingness to Pay
Before applying for tariffs, some regulators may require that the mini grid developer first conduct an “ability
and willingness to pay” study for inform the maximum tariffs that can be approved. Mini-grid tariffs are
unlikely to exceed the ability and willingness to pay of the beneficiary community:




In community-owned schemes, it is clearly up to the beneficiaries themselves to decide on the tariffs
which they are going to charge themselves, and the levels will not exceed ability and willingness to pay
of the different kinds of consumer
In privately-owned schemes, it would be impossible for the private supplier to charge more than the
community is able and willing to pay. The guiding framework is that the costs of electricity (a superior
form of energy) should be less than the costs of the energy sources which are displaced by electricity
(such as kerosene for lighting and batteries)

What can be observed from this section is that there are a wide rate of tariff designs that can be used. “There
is no standard tariff design that can be applied to all contexts, since technology, scale, geography and
customers vary” (USAID). The developers need to be given flexibility to design tariffs that suits their projects
and contexts in order to recover the full costs and commensurate profits. Tariff design will take into account
subsidies and government incentives as well as ability and willingness to pay. Cross subsidies between
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customer categories may applied during tariff design to shift costs between customer categories to achieve
certain social objectives.

6.3 Regulatory Process leading up to the tariff decision
In the case where a tariff is regulated, once a tariff has been calculated (using a standardised tariff tool or
otherwise), the developer submits the tariff to regulator for approval. The regulator will then subject the
tariff to its own review processes. It is important that these review processes are made known to the
applicant so that they know what to expect and within which timelines. Some of the considerations of the
regulator, (which should also be made known to developers), in reaching the tariff regulatory decision are:





Whether the regulator consults with some or all stakeholders before making a tariff decision
Whether the consultation is conducted publicly or privately
What other information and approvals must be provided to obtain a tariff?
What elements, if any, of the tariff determination are already fixed and the quantum?

Once a tariff decision is made, it is then important to determine how this will be monitored and customers
pay the correct fee for their energy usage.

7

Customer Metering and Productive Uses of Energy

7.1 Metering
The use of prepayment metering goes into reducing the amount of working capital requirements that is input
in the tariff tool as part of the regulated asset base that used in the calculation of the tariffs. The emerging
model among privately-owned mini-grids is to offer a pre-payment or pay-as-you-go service similar to how
mobile services are provided-which enables more predictable revenue collection for the mini-grid operator.
The literature reviewed did not indicate if there are uses of smart metering in mini grids as yet. Meter reading
is also a cost in the operating expenses that are included in the tariff and the use of smart meters may reduce
this cost in the tariff.

7.2 Productive Uses of Energy (PUE)/Load Profiles
The load profiles are considered in the allocation of costs between customer categories in the tariff tool. The
customers that use more power are allocated more capacity related costs and those that use less power are
allocated less capacity related costs in the tariff calculation. In addition, a high energy usage relative to design
capacity leads to lower tariffs compared to where more capacity is unutilized.
The ultimate goal of PUE is to enable households and businesses to gain access to electricity, affordability,
and usability, so the mini grid can recover their cost and make profits. The load has a bearing on the tariffs
as over-sizing a system leaves most of the investment un-utilized. Increased uptake and consumption of
electricity will encourage investment to improve service reliability and close the access gap while lowering
tariffs.
According to the AMDA-ECA benchmarking African mini-grids report, “there is a current challenge of low
consumption - The average consumption per customer is only 6.1 kWh per month across the continent. Low
consumption makes it difficult to ensure operational costs can be covered, let alone that a return on
investment might be possible. Low consumption is a systemic problem that requires coordination and
collaboration among all stakeholders”. Policy makers need to adopt a more comprehensive and long-term
approach to electrification in the region - one centred on the productive use of electricity at affordable rates.
Mini grid developers are testing various models for increasing the productive use of electricity such as leasing
appliances (e.g., electric cooking stoves, fridges, tv, and home entertainment systems) to households to shore
up electricity consumption. Financing appliance leasing and private lending come with their own working
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capital demands and will require partnerships with leasing companies and development partners. This way
and other approaches of enhancing the economic capabilities of communities is the best way to achieve
faster and more sustainable development progress while addressing the broad challenges of affordability,
low consumption, and financial viability of utilities, as well as ensuring equitable provision between urban
and rural areas. (Tetra Tech/USAID SuRE).
The establishment of PUE and using metering as a form of measuring and monitoring capacity and energy
usage allows for the development of a more sustainable and affordable tariffs in the standardised tool.

8

Conclusions

Regulations have a primary role of protecting the consumers and safeguarding investment. Innovations have
spurred private interest in mini-grids, that require better regulatory frameworks, that includes tariff setting
to attract required investment. Regulators must overcome the grid bias and recognise that the off-grid
market is different from that of the main grid. Smaller market base, low capacity to pay, logistical
complexities and locational hazards make off-grid electrification unattractive to large companies and
therefore unique approaches are needed to incentivize the small off-grid developers.
Mini-grid licensing regulations go in tandem with tariff regulations and need to be synchronized to optimize
regulatory efficiencies. Otherwise, even with cost-reflective tariffs, the regulatory system may still fail. If the
decision-making process involves too many steps, government entities ignore one another’s responsibilities,
or is too slow that the regulator fails to effect decisions in a timely manner. Countries mini-grid tariff
regulation approaches should evolve with changing circumstances.
There is a broad spectrum of tariff regulations approaches observed in the literature. On one extreme is the
uniform national tariff while on end of the spectrum is individualized cost-based tariffs. There are also in
between approaches to tariff regulations such as the individualized cost-based tariff approach, which is the
most observed, but is likely to be onerous on the regulators to process a lot of tariff applications as the
number of mini grid deployments increases. Simplified middle ground approaches like bundled tariff
approvals or benchmark tariffs or tiered regulation have been used in some countries. Tiered regulation is
practised in Nigeria, Tanzania and Zambia where systems below 100kW installed capacity are not regulated
(light handed regulation). Instead, the regulators allow isolated mini-grid operators to set tariffs in
consultation with local community members, such that the tariffs are high enough to cover costs but aligned
with consumers’ ability and willingness to pay. Bigger mini grid systems >100kW are regulated using
standardized tariff tools – e.g., Nigeria multi-year tariff order [MYTO] model - and tariffs need to be approved
by the regulator. This tiered approach leads to efficiencies in tariff processing while allowing affordable tariffs
for small mini grids to be established. However, there is still a challenge of a having to set a tariff for each
large mini grid given the expected increase in the number of new mini grid projects in the coming years.
Tariff determination through standardised methodologies (e.g., a cost-plus approach) increases regulatory
efficiencies as it allows for systematic assessment and approval by regulators and provides the basis for
negotiations. Regulators may wish to consider developing appropriate tariff methodologies outlining
procedures and schedules for major and minor tariff reviews. This could include tariff indexation or automatic
tariff adjustment mechanisms. Regulators should also consider elaborating the tariff methodology or any
appropriate regulatory instruments and guidelines, a predictable mechanism for allowing or disallowing
certain costs that might be considered unreasonable.
Mini-grids tariffs are pivotal to the financial sustainability of the mini-grids investment. So, ultimately the
tariff regulations must enable the investor to recover investment, operating costs and generate a reasonable
profit. Tariffs that recover costs include the following elements: Depreciation – to return capital investment
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to investors; Operating costs – at efficient operating levels; Reserve margins – to cater to peak demand and
down-time; Return on investment commensurate with risk; and Taxes on returns of investments.
While micro-grids are often the least-cost solution for providing power to remote, rural population centres,
on a per-kilowatt-hour (kWh), the lack of like for like comparison with the grid extension to such remote
areas leads to a grid bias that assumes mini grids deliver power that is more expensive than grid customers
would pay. The reality is that utility grid-tied customers may be paying less because these grid-tied customers
always enjoy cross subsidies.
Ideally, tariffs should be cost-reflective, such that an off-grid operator can reasonably expect that the total
revenues received from the tariffs paid by its customers will recover total operating and capital costs as well
as earn a profit. If cost-reflective tariffs are not allowed either because of informal political pressures or a
formal legal requirement for a uniform national tariff, the mini grid operator will not be commercially
sustainable and will require subsidies to offset the high capex, limited overall demand for power or
customers’ low ability to pay.
Even if the mini grids are allowed to charge tariffs that are high enough to cover their costs, they still may
not be able to sign up many customers if the initial customer connection charges are high. Moreover, without
an anchor customer that off-takes a substantial load, the mini grid may still operate at a loss if the average
consumption of its customers is too low to produce enough revenue to cover the mini grid’s operating costs.
Approaches of enhancing the economic capabilities of communities is the best way to achieve faster and
more sustainable development progress while addressing the broad challenges of affordability, low
consumption, and financial viability of utilities, as well as ensuring equitable provision of electricity.

9

Recommendations

Regulators face difficult questions and complex trade-offs when considering if, how, and to what degree to
regulate micro-grid tariffs. Regulations have erred on the side of over-regulation and/or tariffs that are set
too low and hence stifle the market for investment in rural energy development.
There are three considerations to guide policymakers and decision makers as they evaluate options for
implementing effective micro-grid tariff structures to electrify remote areas. Every government needs to
determine the approach that will work best within its own unique context to ensure their actions channel
more investments into rural electrifications by both grid and off grid systems:
1) a tiered regulator a mixed approach that combine various tariff and subsidy elements based on certain
system characteristics such as capacity or the makeup of the consumer base and ability to pay.
a) Small mini-grids of less than 100kW not regulated - developers set their own tariffs, in
consultation with the communities and no approval from regulators. Light-handed regulation
should be counterbalanced by some recourse for consumers in case of abuse
b) “lightly regulated” for systems of 100kW to 1MW with cost-reflective tariff based on a
standardised tool. Authorities to provide provisions for communities to appeal, without directly
regulating tariffs
c) “full regulated’ for systems >=1MW that is regulated like the national grid utilities
2) national tariffs with significant subsidy allocation to plug the gap between the cost of service of the mini
grid and the national utility uniform tariff - this ensures subsidies are provided to mini-grid developers to
cover the difference between their presumed cost-reflective tariff and the national tariff that they are
mandated to charge. subsidies must be guaranteed for the life of the system and eliminate the risk of
subsidy default to boost investor confidence.
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3) Simplified in between approaches like bundled tariff approvals or benchmark tariffs with targeted
subsidies. With such middle ground approaches regulators should ensure that tariff approval does not
risk becoming a bottleneck that impedes new development.

It is recommended that regulatory authorities should not directly regulate mini-grid tariffs for small-scale
projects. The time and attention needed to do this on a thorough basis would not be warranted when the
aim is to encourage electricity provision in a remote location - There can instead be a provision for mini-grid
communities to appeal to the regulator if they feel that they are being over-charged and an investigation can
then be carried out. Standardized methodologies and/or tools for setting individualized cost-based tariff
approaches should be made publicly available and used to regulate bigger projects. Countries should ensure
that their chosen tariff methodology aligns with other regulatory and market factors that govern mini-grids.
The low consumption should be addressed - Supporting productive uses to enable customers to consume
more is another important strategy to pursue to ensure mini grids can be financially sustainable.
In the same way regulators reject tariffs for being too high and profits that are excessive, regulators should
also reject tariffs for being too low (a problem with many community projects) if the project cannot cover its
costs because that will affect the project’s sustainability in the long run, leading sooner or later to a
suspension of service
Regulators are tasked with ensuring, on the one hand, affordability and quality of service for (primarily rural)
consumers and, on the other hand, sustainable operation and cost-recovery for private mini-grid operators.
The provision for viability gap funds can be provided through various measures such as capital subsidies,
performance-based subsidies and cross-subsidies (USAID, 2018).
As regulators throughout the region confront the next generation of tariff setting challenges, they require
support to develop appropriate tariff setting methodologies and interfacing with the variety of stakeholders
within their markets—developers, investors, communities, elected officials, national governments, aid
organizations—to create a cohesive vision and framework for deploying mini-grids rapidly to boost national
electrification efforts (NARUC 2020)
Ultimately, it rests on policymakers and decision makers to determine the approach that will work best within
their country’s unique context, while balancing between not hindering the flow of private capital into
electricity access projects on one hand and at the same time ensuring all consumers are treated equitably to
avoid a political backlash on the other hand. Hence, any tariff-reform process will be more likely to have
positive effects the more that relevant stakeholders (e.g., utilities, developers, investors, and customers) are
consulted during the process. Policy makers are therefore encouraged to identify the most suitable tariffdetermination approach in consultation with local stakeholders and to formalise its adoption. They should
facilitate a more efficient tariff determination process - Issue tariff tool or benchmark tariff, that considers
the complexity and difficulty involved in off-grid electrification such as location (distance and logistical
challenges), technology, capacity and manner of application. Additionally, they should remove duplications,
redundancies and unnecessary requirements to avoid delays that deter market entry by the private sector,
especially smaller operators. Lastly they should prepare for the Arrival of the Main Grid - In the absence of
regulatory certainty as to what happens “when the main grid arrives at the “off grid”, developers and
investors are unlikely to invest in off grid projects.

In relation to tariff structures there is a need to avoid uniform cost tariffs. For those connected to the main
grid, the prices they pay are often maintained low through subsidies. As a result, customers on mini grids
often face higher bills than those on the national grid. This can give rise to discontent, with some communities
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opposing plans to develop mini-grids and instead calling for grid extensions. In such cases, regulators can
calculate reasonable tariff levels through avoided-cost tariffs, where rates are set to reflect what consumers
would otherwise have spent on pre-existing power sources such as diesel or kerosene. Thus the following
will apply to tariff structures: developers should be allowed to propose retail tariffs that are appropriate for
their project, and tariff structures (flat rate, energy charge, demand charge, pre-pay, post-pay, and so
forth)—all subject to regulatory approval. Tariffs should not be restricted to the “national uniform tariff”
o
o
o

Developers should be permitted to build cross-subsidization into tariff schedules
Mini-grids should be encouraged to use anchor customers (telecommunications companies,
agricultural processors) to help guarantee load for viability of the mini grid
regulators allow isolated mini-grid operators to set tariffs in consultation with local community
members, such that the tariffs are high enough to cover costs but aligned with consumers’ ability
and willingness to pay
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11 Annexure
11.1 Select Extracts from Country Case Studies
1. Uniform National Tariff
a. Ghana (2017 Policy Assessment and Regulatory by Power Africa- Source: NREL 2018)
 Electricity rates are set by the government, and privately owned micro-grids are expected
to follow these rates. Allowing developers to charge national rates often requires
significant subsidies from the government of Ghana
 Tariff rates start from a low “lifeline” tariff and increase with increasing consumption to
the highest residential and highest commercial
 Even at the highest tariff rates, it is not sufficient for private micro-grid developers in
Ghana to build financially viable systems
 Many first-time off-grid customers would likely fall under the lifeline tariff making the
situation even more difficult for the off-grids
 Ghanaian developers may appeal to the public utility regulatory commission (PURC) to
apply for a waiver on a case-by-case basis
 A number of microgrids operating in Ghana currently face tariff challenges, e.g., the Ghana
Energy Development and Access Project (GEDAP) has funded 5 micro-grid projects, but
the tariffs being collected do not even fully cover operational costs.
 Uniform tariffs are ideal in countries with relatively high electrification rates, which makes
the required mini-grid subsidy for this approach relatively limited.
b. Cambodia (Source: NARUC 2020)
 Rural Electrification Fund (REF) was created in 2004 co-funded by the World Bank to fund
the mini-grids.
 Cambodia leveraged the REF to implement subsidies that enabled the creation of a
uniform national tariff
 The regulator utilizes a set methodology to calculate costs for the mini-grid operator and
applies a tariff-based subsidy to make up any difference between the mini-grid cost and
the uniform national tariff
 But the uniform tariff only applies to mini-grids that have been connected to the national
grid. Hence, the regulator has allowed off-grid mini-grid operators to charge customers
what they must in order to turn a reasonable profit.
2. De-regulated Cost Reflective Tariff
a. Tanzania (Source: NREL 2018)
 The Tanzanian government launched a new Small Power Producer (SPP) program in 2009
 SPPs operating at less than 100 kW are exempt by EWURA from both licensing
requirements and the tariff approval, but EWURA reserves the right to review retail tariffs
if it receives complaints from at least 15% of the customers
 SPP program also has a feed in tariff that is determined by calculating the Utility’s
(TANESCO) average avoided cost of building and running a diesel plant in these remote,
unelectrified communities
 Tanzania’s pro-micro-grid enabling environment sparked new private-sector interest in
micro-grids, attracting dozens of new businesses to the space who have developed more
than 50 new micro-grids since the framework started
 But for large systems other than the SPPs,
o The Tanzanian Energy and Water Utilities Regulatory Authority (EWURA)
encourages mini-grids to submit proposed tariffs using a simple, standardized
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cost-of-service spreadsheet to help the regulator make tariff-approval
determinations
o in Tanzania, high-consumption customers are charged more in order to help
electrify smaller poorer customers
o EWURA allows mini-grids to enter into power sales contracts with business
customers without regulatory approval
b. Zambia (Source: NARUC 2020) – tiered system
 Mini-grids less than 100 kW are exempt from formal tariff regulation.
 Mini-grids between 100 kw and 1 MW must submit a proposed tariff to the Energy
Regulation Board (ERB) for five years. The proposal is assessed for “reasonableness.”
 Mini-grids over 1 MW are subject to a formula set by the ERB and are regulated in a similar
manner to on-grid.
c. Nigeria (Source: NARUC 2020) – tiered system
 Mini-grids of <100kW capacity, the Nigerian tariff regulation system makes application for
a license/permit optional, but they must be registered with the Regulator, Nigerian
Electricity Regulatory Commission (NERC). Registered mini-grids are free to set a costrecovery tariff
 Mini-grids of 100kW-1MW installed capacity must be permitted/licensed by NERC.
permitted mini-grids are required to use NERC’s Multi-Year Tariff Order (MYTO) tariff
calculation tool, and NERC must approve the tariff.
 Mini-grids above 1MW are treated as independent power producers (IPPs)
 Nigeria case illustrates how tariff-setting policy needs to interface with other aspects of
mini-grid regulation including licensing and grid arrival.
d. Zimbabwe
 Most of the mini-grids have generating units that are below the 100 kW licensing
threshold defined in the law. Zimbabwe electricity regulatory authority (ZERA) does not
regulate the tariffs that are charged but undertakes technical inspections to ensure safe
operation. This approach is consistent with the recommendation of the SADC guidelines
and should be maintained (Source: SADC RERA Mini-grids Zimbabwe Study 2013)
3. Bid Tariffs
a. Uganda (Source: NARUC 2020)
 Uganda implemented the bid tariff approach for a set of projects supported by
Gesellschaft für Internationale Zusammenarbeit (GIZ).
 The tender was released for competitive bids for the entire project region of up to 25
villages. Bids were evaluated based on lowest weighted tariff offering
4. Tariff Caps
a. India Uttar Pradesh (IRENA 2016)
 Electricity Tariff: Developer will charge Rs. 60/- per month for load of 50 Watt, Rs. 120/per month for load up to 100 Watt for 8 hours of daily electricity supply and for the load
more than 100Watt tariff will be on mutual consent between consumers and developer
b. Bangladesh
 Caps limit tariffs to a certain maximum, with the operator free to apply any tariff up to
that level
c. Senegal and Nigeria
 Are using cluster approaches (determining tariff caps by applying the cost-plus approach
to groups of mini grids) and information technology to minimise tariff approval costs
5. Service-Based Regulatory Structures
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a. Morocco-Example, Akkan (Source NARUC 2020)
 Service-based regulations – charge electricity consumers a fixed monthly payment based
on a given level of service. Customers pay a set price over a given period (either per day,
per week, or per month) for a defined energy allowance
 Benefits of service-based regulation include:
o enable developers to create innovative packages that enable cost recovery
o can be more politically-feasible than per-kWh tariffs – Service-based packages
make direct comparisons with grid tariffs less possible, as mini-grid developers
are creating packages that are based on service rather than hourly electricity
consumption
o They can create more certainty for developers, investors, and consumers
o They leverage customer familiarity with prepaid package-style services
 Drawbacks of service-based regulation include:
o Service-based approaches can create challenges and capacity burden for
regulators
o They can increase risk of unfair pricing
o They are relatively untested at large scales
6. Avoided costs tariffs
 For rural households, the choice is not between grid and mini-grid supply, but rather
between mini-grid and kerosene or candles and sometimes diesel generators.
 Avoided were used in the early days in Cambodia. Customers charged say 85% of what
they will pay using kerosene.
 Avoided costs also used in Tanzania for grid connected mini-grids where the tariff is based
on TANESCO's avoided costs of their diesel-thermal plants
7. Individualized Cost-Based Tariff
 is employed by many African countries – e.g., allowed for non-SPP projects in Tanzania,
Nigeria, Zambia. Also used in Kenya.
 requires use of standardised tariff tools in most cases
 enables regulators to set project-specific tariffs that account for variability in mini-grid
costs from one project to the next
 ensures that communities are paying truly cost reflective tariffs and not unfairly high
rates set by developers which incentivises investments
 However, the individually set tariffs are almost certain to result in different rates for minigrid customers throughout the country and rates that are much higher than the national
main grid tariff, which could create political challenges within the country. Additionally,
the Individualized Cost-Based Tariff methodology can be administratively burdensome,
which could pose challenges with limited administrative capacity
Elements considered in individualised cost-based tariff analysis





Regulatory Asset Base (RAB) - Assets that are used and useful in providing the regulated
services
Allowed Rate of Return - Profit allowed to the investor on its investment. Kenya caps
return at 18%, Cambodia at 10%, Nigeria at cost of debt+6%. Fx risk is borne by developer
Depreciation - the wear and tear of the RAB based on the economic useful life of the
asset-usually a straight-line approach
Subsidies - capital subsidies to partially offset the cost of the asset or connection costs;
income subsidies to top-up revenues
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Operating and maintenance expenses
Economic factors/variables

8. Other countries’ approaches
a. Namibia (Source: SADC RERA Mini-grids Namibia Case Study 2014)
 The renewable energy systems installed in off grid areas on public institutions and remote
villages have operation and maintenance costs met by the Ministry of Works and
Transport (MWT).
 Users do not pay fees with the exception of Tsumkwe but there the tariffs are not cost
reflective.
 As a result, the systems are economically unviable and unsustainable
b. Philippines
 The geography of the Philippines, consisting of thousands of islands (7600) and remote
island communities, raises unique challenges in terms of energy access and rural
electrification. Extension of power grid infrastructure to these locations is often not
viable. But this makes mini-grids based on renewable energy technologies an ideal
solution
 Regulatory Approach for Mini-grids projects:
1) Current challenges in Philippines include:
 Inefficient and unnecessary regulation and administration – slow tariff
approvals, documentary requirements plus the evaluation process within
various Department of Energy (DOE) departments as well as the Energy
Regulatory Commission (ERC) result in delays, which translates to high
administrative and compliance costs both in terms of time and money
 Regulatory framework has a grid bias. The same set of regulatory
standards and procedures are applied to all projects, both on-grid and offgrid, regardless of size, location or market condition. This on-grid bias fails
to take into account the risks and difficulty factors of small-scale, off-grid
projects and thus curtails private-sector interest and enthusiasm in
serving the off-grid areas.
 Difficulty to access the subsidy – Universal Charge for Missionary
Electrification - ERC rules allow small-scale systems (below 200 kW), or
less than 100 connections to charge such consumers their full cost
recovery rate – hence the difficulty of accessing subsidy is making
developers go for small systems of <200kW/<100 connections.
 Regulators must recognise that the market in the off-grid is different from that of the main
grid. Various factors, such as a smaller market base, low capacity to pay, logistical
complexities and locational hazards, make off-grid electrification unattractive to large
companies. To attract smaller players, there is a need to improve ways of doing business
to reduce transaction costs and facilitate project implementation, especially in areas left
behind.
 Indonesia and Peru
 The two countries have introduced a methodology for standardising tariffs to encourage
private sector participation (IRENA 2018)
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o
o

In order for SPPs that operate isolated mini-grids to exist as commercially viable entities,
they must be allowed to charge tariffs that are higher than the uniform national tariff
Once rural consumers get over the connection cost hurdle, they can afford to pay
electricity tariffs that will produce monthly expenditures equal to or less than their prior
expenditures on non-electricity energy sources (kerosene, candles, batteries)
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