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Abstract

Purpose of review: This article reviews trends for micro-grid tariffs in Sub-Saharan Africa from two

perspectives: guidelines for setting tariffs and methods for structuring tariffs. Different approaches are
briefly described, and general benefits and drawbacks presented based on recent experiences and
available literature.

Recent findings: The pace of micro-grid deployment has suffered from a lack of private-sector
investment, which is often inhibited by unfavorable policies and uncertainty around tariffs. Traditional
utility tariffs are too low to allow micro-grid investors to recover their full costs, but a variety of new
approaches can be applied to address these challenges.

Summary: Broad consensus suggests that cost-reflective tariffs are a critical enabler for micro-grid scale-
up. Such tariffs can be coupled with subsidies or with hybridized approaches as well as unique new
methods of tapping alternative revenue streams to maintain affordability for low-income customers and
financial sustainability for micro-grids. There is no one-size-fits-all approach so long as lifetime costs can
be recouped.

Introduction

The United Nations has challenged the world to achieve universal access to modern energy services by
the year 2030 [1]. This undertaking is expected to require investment of roughly US $45 billion
annually—more than half of which is expected to be in micro-grids and isolated power systems [2].
Investment of this scale, however, is unlikely to be met by governments and donors alone, making
successful mobilization of private investment a paramount criterion for success. Micro-grids must
therefore be commercially viable endeavors that can provide a reasonable return for investors to attract
the requisite private debt and equity financing to the sector [3]. This ultimately depends on the ability of
micro-grid operators to collect tariffs or other payments at sufficient levels to ensure that revenues
cover costs and provide an acceptable financial return for the level of risk [4].

Micro-grids are not a new concept and have been operating in emerging countries around the world for
decades (e.g. Nepal and Mali have both successfully financed and operated micro-grids since the early
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2000’s) [5]. However, most micro-grids to date have relied heavily on donor support or government
subsidies, which is common for electrification programs, but is unlikely to be available at the investment
levels required to achieve universal electrification goals. While micro-grids are often the least-cost
solution for providing power to remote, rural communities, on a per-kilowatt-hour (kWh) basis they
often deliver power that is still more expensive than what existing utility grid-tied customers may be
paying [4]. Utility rates in most emerging economies are well below their average cost of service, as
large (typically state-owned) utilities are subsidized directly by the government or through donor-
funded infrastructure projects [3]. Thus, the tariff that an individual utility customer pays often does not
reflect the full cost to the utility of serving that customer but rather the subsidized grid-wide average
[5]. This status quo makes it nearly impossible for micro-grids to compete with national utility tariff
rates, hindering micro-grid scale-up in markets where micro-grids are asked to charge rates comparable
to larger utilities without receiving the same subsidy benefit [6,7].

However, this status quo is beginning to shift, and many developing country governments and power
sector actors are now rethinking tariffs and cost-recovery mechanisms to enable micro-grids and
broader electrification. While much has been written on the topic of electricity tariffs in general, there
remains a relative dearth of literature dedicated specifically to the question of tariffs for micro-grids,
though individual experiences and a handful of reviews in the last few years can help shed light on this
question. The U.S. Department of Energy’s National Renewable Energy Laboratory and Power Africa
recently performed a review and assessment of various approaches to micro-grid tariffs and subsidies in
Sub-Saharan Africa [4]. That report forms the basis of this article, which draws on that work as well as
other resources and experience to succinctly summarize emerging trends and lessons in the tariff space
that can be applied to micro-grids to help attract the necessary private capital to enable widespread
scale-up. The focus is specifically on tariff and cost-recovery structures that can help the micro-grid
sector move beyond government and donor support by enabling financially self-sustaining, privately-
financed micro-grids. Unlike government or donor-funded micro-grids, which often aim only to cover
operational costs through tariffs, such investor-backed micro-grids must cover both capital investment
and operational costs through tariff collection in addition to providing an acceptable return on
investment [6,8]. The article is split into two equally important discussions: starting first with how to go
about setting and governing tariffs, and then diving into approaches for structuring how tariffs are
applied and levied.

Setting Tariffs

To be effective and sustainable, any tariff structure typically must balance the needs of three key groups
of stakeholders: governments, developers, and customers [4]. The differing priorities between these
stakeholders can create a significant challenge for micro-grid tariffs: national rates set by governments
in Africa are typically held low—in the $0.05-50.30 per kWh range—compared to true costs, developers
often need to charge between $0.50 and $1.00 per kWh to maintain a viable business model, and
customers simply want access to energy at a rate that they can afford and are willing to pay. A variety of
approaches to setting and regulating tariff levels may be pursued—ranging from uniform to cost-
reflective tariffs as well as a variety of hybrid approaches in between—which are summarized below.



Uniform

Under a uniform tariff structure, customers are generally charged the same tariff regardless of whether
they are connected to an urban utility grid, a rural utility grid, or an isolated micro-grid. The intent of this
type of tariff is typically to provide a sense of fairness and equality across all customers—a position that
can be highly politically favorable for governments and regulators [9]. These rates are typically cross-
subsidized or directly subsidized by the government to keep electricity prices low and affordable—a
practice which may not be sustainable in the long run [10].

While often perceived as equitable to customers, uniform tariffs are typically not practical or possible
for micro-grid developers [11]. In a recent survey of African power industry stakeholders, two-thirds of
respondents indicated that the inability to recover the costs of new power projects under current tariff
schemes is the biggest barrier to more rapid power development in sub-Saharan Africa [12].

Ultimately, national tariffs are simply too low to attract investors to develop micro-grids in rural regions,
leaving remote customers instead to rely on grid extension by the national utility for electrification.
However, given their subsidized nature, many utilities in sub-Saharan Africa are not financially
sustainable and thus cannot afford to extend the grid while maintaining existing uniform tariffs without
either incurring further losses or requiring additional direct subsidies [10]. For example, in 2016,
Tanzania Electric Supply Company Limited (TANESCO) asked the Tanzanian government for a rate hike of
18.9% to cover ongoing losses. In response, the regulator granted TANESCO a rate hike of 8.5%—less
than half of what was requested—which the president ultimately blocked the following year, thereby
perpetuating the cycle of utility losses that not only inhibits needed grid expansion but also puts at risk
the utility’s long-term financial solvency [13]. Thus rural customers remain unserved and the
electrification problem continues.

Cost-Reflective

What are typically referred to as “cost-reflective” tariffs sit at the opposite end of the spectrum. Under
such schemes, developers of micro-grids are generally free to set their own tariff and payment
structures at levels that are high enough to allow them to recover their costs—both capital and
operational. In many cases, these cost-reflective tariffs may also be 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 ongoing and often implicit negotiation between customers and micro-grid
operators to find the price point such that customers are willing and able to pay and operators can still
recover costs (otherwise the micro-grid development is likely to fail) [14,15]. Often the cost-reflective
rate that would be charged by a micro-grid developer will still be lower than what unconnected
customers are ultimately paying for energy services in the form of kerosene, candles, batteries, or other
fuels [15,16]. A recent International Finance Corporation analysis suggested that, on average,
households in unelectrified communities in East Africa may already be paying “implied tariffs” of US
$1.75/kWh for low-quality energy from kerosene and candles—far more than what most cost-reflective
micro-grid tariffs would be [17].



Cost-reflective tariffs can more effectively attract micro-grid investment 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 micro-grids [7,8,11,16,18]. Notably, this can also reduce the financial burden on
already stressed national utilities, as each new utility connection often incurs additional losses for the
utility. Many countries, including Tanzania, Rwanda, Kenya and Madagascar have approved versions of
cost-reflective tariffs that have resulted in increased deployment of micro-grids [7].

Hybrid Approaches
Between uniform tariffs and cost-reflective tariffs, there are a range of hybrid approaches and

compromises that blend elements of both. Perhaps most notably is the practice of allowing cost-
reflective tariffs but providing grants or subsidies to offset micro-grid costs such that micro-grid tariffs
are more consistent with those charged to grid-tied customers. In this case, subsidies can be provided
either directly to micro-grid developers or to consumers. However, relying on subsidies from
governments that often lack creditworthiness is a risky prospect for investors who require a guarantee
that any payments or subsidies will be valid for long enough—ideally at least 7-10 years—to recoup their
costs and eventually become profitable [7,8].

There are a range of other hybrid approaches that may include:

e Government-determined tariffs that are based on a full accounting of the costs of building and
operating a specific micro-grid. Effectively a “cost-plus” methodology this allows governments
(rather than developers) to set what they believe a cost-reflective tariff should be but adds work for
regulators and requires agreed upon calculations. Such a system has been employed with success in
Rwanda [9].

e 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. This
amounts to cross-subsidization of micro-grids by grid-tied customers and can be an effective though
politically challenging approach as it often necessitates rate increases for existing utility customers.
This may work best in system in which utilities develop and operate the micro-grids themselves,
thereby cross-subsidizing within their own operation. Alternatively, utilities could also pay the cross-
subsidies to private developers to offset micro-grid costs, though this may be less attractive to
developers given many African utilities’ already strained cash-flow.

e Benchmarking micro-grid tariffs to the estimated avoided cost of alternative electrification means.
Effectively the regulator calculates either (a) the true cost to customers of paying for kerosene or
diesel or, in some cases, (2) the theoretical cost to the utility (without subsidies) were it to extend
grid services to those customers [19]. The micro-grid tariff is then tied to this calculated avoided
cost, which is often higher than the cost of micro-grids. Tanzania has recently had success
implementing this approach [20].

Structuring Tariffs



Once an agreeable tariff level has been set, micro-grid operators must then decide on the most effective
means to collect tariffs or payments from customers. While tariffs in the most traditional sense are
often thought of as a simple cost per unit of energy (e.g. dollars per kilowatt-hour), there are in fact a
range of different approaches to tariff and cost-recovery structures at micro-grid operators’ disposal.

Energy Charge

An energy charge, or consumption-based tariff, is the simplest and most common form of tariff.
Operators charge consumers a fixed rate per unit of energy consumed—e.g. X dollars per kilowatt-hour
(kWh) consumed. Energy charges are easy to implement and generally widely accepted and can be
collected either on a post-paid or pre-paid basis. In the case of micro-grids, where the operator must
recoup costs from a much smaller pool of customers than larger utilities, energy charges can expose the
mini-utility to higher levels of revenue uncertainty as fluctuations in consumers’ consumption levels can
have large effects on mini-utility revenue.

Time-of-use Tariffs

A time-of-use tariff charges consumers different rates depending on the time at which power is used,
with higher rates being charged at times when demand is high or supply is low, and lower rates during
times of low demand or high supply. This practice can be employed to try to shift peaks and valleys in
demand and have a smoothing effect on the micro-grid’s demand profile. This smoothing can simplify
system operations and design, increase capacity factors, and reduce overall costs for the mini-utility
which can then be passed on to consumers in the form of lower tariffs.! Effectively a more complex
version of an energy charge, this practice is gaining traction among utilities in many developed
countries, but is not yet widely applied to micro-grids.

Block Tariffs

Block tariffs split customers into different groups—or “blocks” —which each paying a different rate
based on some distinguishing classification. Blocks may be based on level of consumption (e.g. the more
energy a consumer uses the higher or lower their marginal tariff rate), power needs (e.g. higher intensity
users pay more), customer class (e.g. commercial, residential, public services, etc.). The most common
block tariff discerns consumer classes based on consumption—with the biggest consumers typically
paying more to cross-subsidize a lower level of subsistence energy consumption for poorer consumers.
Bonny Utility Company in Nigeria is one such example that has effectively employed this approach to
increase access for low-income consumers [3]. This type of socially-oriented block scheme is effectively
a more complex type of energy change and is frequently referred to as an “inverted block tariff” or
“lifeline block tariff.”

Power Charge

1 Booth, Samuel; Li, Xiangkun; Baring-Gould, lan; Kollanyi, Diana; Bharadwaj, Abishek and Weston, Peter.
Productive Use of Energy in African Micro-grids: Technical and Business Considerations. National Renewable Energy
Laboratory and Energy 4 Impact. 2018. Forthcoming report.



Unlike an energy charge, a power charge instead sets a flat rate for each customer based on their
maximum peak power draw. The tariff will be based on a given capacity cap—which must be metered or
limited by the operator—and will typically be charged in terms of dollars per peak instantaneous
kilowatt provided [21]. Such power charges have been effectively employed in Nepal [19]. While such
charges are typically less strictly regulated and may offer more revenue certainty for operators, they
also can encourage inefficient and excessive use by consumers who do not pay for consumption [7,19].
Power charges are similar to flat standing tariffs, which may just charge a flat monthly rate to all
customers independent of their use.

Hybrid Charge
In some instances, power charges may be employed in tandem with energy charges such that

consumers are charged according to both their total energy consumption (kWh) and peak power
required (kW). This approach can help provide more consistent revenue certainty for developers while
maintaining an incentive to encourage efficient use of energy. This approach has been employed with
success in Senegal, for example [19].

Connection Fees

Connection fees are a one-time fee often used to recoup the investment required to connect a new
customer to the micro-grid. While such costs could, in theory, be wrapped up in other billing methods,
experience has shown that charging a small connection fee—which must still be modest and
affordable—can help build commitment among the community and increase repayment rates [6,8].

Fee for Service

The phrase “fee-for-service” can capture a wide array of revenue collection methods, but the general
concept remains consistent: rather than charging consumers a tariff for their consumption or power
demands, the micro-grid operator instead defines a set of energy-using services and charges customers
based on the services that they use. In practice, a customer would be charged a set monthly amount
based on the particular set of appliances or energy applications they have—for example, one set
monthly charge per lightbulb, another added charge if they have a refrigerator, yet another if they have
a TV or radio, etc. [8,21]. This setup can provide simplicity and accessibility for consumers that may be
unfamiliar with utility billing models, but also faces implementation challenges as it requires regular
inventories of each consumers’ appliance makeup [17,19].

Alternative Revenue

Building on the emerging trend of fee-for-service, some micro-grid developers are experimenting by
tapping alternative revenue sources. For example, some micro-grid developers have turned to selling
appliances to new customers, thus increasing revenue not only from the sale of the appliances but also
through the increased consumption of electricity by those appliances [17]. Some micro-grid developers
may even choose to set up their own energy-consuming businesses within the micro-grid and sell those
services directly to the community for additional revenue.? Examples of such fee-for-service offerings
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may include offering centralized phone charging services to unconnected customers or setting up a grain
mill and providing milling services on a fee-per-kilogram basis. The International Finance Corporation
found that 9 out of 11 micro-grid operators surveyed had included these or other alternative sources of
revenue in their business models [17].

Conclusion

There are a range of structures and mechanisms available to guide setting and collection of tariffs for
micro-grids. To attract private sector investment on the scale required to accelerate the pace of micro-
grid deployment in Sub-Saharan Africa and around the world, tariff structures must provide avenues for
developers to recover both capital and operational costs—and must do so with some degree of long-
term certainty and predictability.

When it comes to setting tariffs, options range from maintaining traditional uniform tariffs to allowing
cost-reflective tariffs, with a handful of hybrid approaches in between. While there are a handful of
tradeoffs that must be considered with each option, the literature and experience are nearly unanimous
in their endorsement: cost-reflective tariffs—or at a minimum hybrid approaches that allow developers
a means to recoup their expenses—are a key enabler for more rapid and widespread micro-grid scale-
up. Whether and how governments choose to reconcile such cost-reflective tariffs with the traditional
uniform tariffs that may already be in place depends on the context of each country. However, one thing
is clear: simply maintaining uniform tariffs with no consideration of cost recovery requirements will
continue to hinder and stifle micro-grid development. Decision-makers should consider that 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.

Developers and operators of micro-grids have multiple options for how they choose to structure tariffs
and approaches to recovering costs. The more traditional energy charge (e.g. S/kWh) is still simple and
effective in many cases where cost-reflective or appropriate hybrid tariffs are allowed. To address
questions of affordability for lower-income consumers, various forms of cross-subsidization such as
block tariffs or time-of-use tariffs can be employed. In situations in which tariff regulations remain
strict, mechanisms such as charging fee-for-services or tapping alternative sources of revenue can allow
operators a means to collect payment and recoup their costs without charging an explicit per-kWh tariff.
In many cases, such schemes can even be used together with traditional tariff structure simply to
increase revenue and thus the financial viability of the micro-grid.

Ultimately, it rests on policy- and decision-makers, micro-grid developers and operators and
communities to determine the approach that works best within their country’s unique context. There is
no perfect, one-size solution. However, increased flexibility and new innovations in how micro-grid
tariffs are governed and structured may be an important first step to help encourage wider deployment
of micro-grids across Sub-Saharan Africa.
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