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Abstract

The viability of the store-on grid (SoG) scheme model across 13 selected Sub-Saharan
African (SSA) countries was investigated. The individual country’s datasets applicable to the
SoG scheme and a typical industrial building as a baseline prosumer were used in the
evaluation. Two SoG scheme scenarios (A and B) based on solar photovoltaic (PV) module
prices were used in this analysis. The electricity tariffs under the SoG scheme were compared
with the time of use rates for the selected SSA countries. The analysis results revealed that the
scheme could be viable in only nine and four out of 13 countries under scenario A and
scenario B, respectively, with high lending interest rate in some countries being the key
hindrance. Under the SoG scheme model, solar PV systems in all the selected countries could
feed about 15.65 — 39.25% of the generated energy to the grid. The government tax in the
range of 1.95 — 3.38 and 2.48 —4.31 c$/kWh could be collected from the energy fed to the
grid under SoG scheme scenario A and scenario B, respectively. Overall, the SoG scheme
exhibits greater potential as an energy business model to foster rooftop solar PV technology
adoption in developing countries.

Keywords — Store-on grid scheme; Prosumer annual energy costs; Solar PV energy fed
into the grid; Prosumer and utility benefits; Government tax collection
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1 Introduction

Access to reliable, clean and affordable energy by all citizens is currently a target for all
countries globally. Energy is universally cherished and is addressed in Goal 7 of the 17
United Nations Sustainable Development Goals (SDGs) for 2030. This goal focuses on three
main aspects of energy, namely, access to electricity, penetration of renewable energies, and
energy efficiency (EE) [1]. Currently, most of the developing countries are devising means of
electrifying their communities by using their available distributed renewable energy
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resources. In 2018, the sub-Saharan Africa (SSA) region had an electrification rate of about
45% with about 600 million people having no access to electricity [2]. Nonetheless, SSA is
richly endowed with abundance of a wide range of unexploited renewable energy resources
[3]. For developing countries to overcome the challenge of electricity access, concerted
efforts are required [4]. Suitable concerted efforts include, among others, policy frameworks
that should consistently be updated and support innovations such as off-grid solutions and
newer energy business models [4].

Of the existent energy business models, feed in tariff (FiT) and net-metering policies have
been widely utilized to foster the implementation of renewable energy technologies globally.
The FiT policy implementation recorded success in European countries such as Germany,
Portugal and Italy as well as some states in the United States in the past decades [5, 6].
However, the policy has encountered challenges making it struggle and/or fail in most of the
developing countries [7-9]. On the other hand, the net-metering policy is widely adopted in
the United States and some member countries of the European Union [10], but is still ignored
by most governments in the developing countries [9]. Energy business mechanisms such as
FiT or net metering policies for solar photovoltaic (PV) technology are currently not available
in SSA countries. The absence of such energy business regimes has pushed developers of
solar PV systems to design projects in a way that the entire solar PV energy output is
consumed by the project host because the excess energy generated cannot be sold [11]. Unlike
in many developed countries, rooftop owners in SSA countries cannot earn any money by
installing solar PV systems and selling power to the grid [11].

A novel business model referred to as the store-on grid (SoG) scheme model was proposed in
[12, 13], and its applicability for the case of rooftop solar PV systems in Uganda was
investigated. The SoG scheme model is a novel energy billing scheme for energy businesses,
particularly the community-shared energy business initiatives. The SoG scheme’s main
emphasis is to maximize self-consumption of the generated energy. Thus, the scheme
proposes the use of the battery energy storage system (BESS) which is facilitated by the
government to maximize energy self-consumption amongst the participating prosumers before
feeding into the grid. The SoG scheme constitutes of three key stakeholder categories,
namely, government, utility and prosumers. Under the SoG scheme, several prosumers with
different solar PV capacities are contracted by a single power purchase agreement (PPA). In
study [12], the upper limit for the total solar PV capacity under a single SoG PPA was set at 5
MW, which was evaluated to require 3.9 MWh of BESS. The total solar PV capacity under a
single PPA must be less or equal to the set upper limit capacity of the SoG scheme by the
regulators. Individual prosumers under the SoG scheme facilitate the acquisition and
maintenance of their solar PV systems, while the government facilitates the BESS, and the
utility buys the surplus generated energy [12]. To investigate the prosumer costs and benefits
under the SoG scheme, a typical prosumer with a 153.6 kW, solar PV was singled out of all

the participating prosumers of a single SoG PPA and analysed in [12, 13].

The SoG scheme proposes a micro-grid system with the BESS that is implemented amongst
the participating prosumers under a single PPA to enable energy exchange amongst them and
the utility [12]. Fig. 1 shows the schematic layout of the SoG scheme micro-grid implemented
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amongst the participating prosumers of the scheme under a single PPA, where WB, DB, and
IB stand for the warehouse building, distribution building, and industrial building in an
industrial park [12]. The number of participating prosumers under a single SoG scheme PPA
varies depending on the set upper limit capacity and their available rooftop area suitable for
solar PV installation. In Section 3, Fig. 3 shows the SoG scheme model canvas with the high-
level strategic details appropriate for the success of an energy business initiative. Further
descriptions about the SoG scheme model are detailed in [12, 13].

Battery Energy Storage System

M1, M4: Uni-Directional Meters
M2, M3: Bi-Directional Meters

DB-2

Fig. 1: Schematic Layout of the SoG Scheme Model Micro-Grid System

Considering an individual prosumer under a single the SoG scheme PPA for the case of
Uganda, the results revealed that the scheme was cost effective for the prosumer by recording
a reduction in the annual electricity purchase costs of about 12.5% as well as feeding about
20% of the generated solar PV energy into the grid [12]. The results of the benefits analysis of
the SoG scheme for the solar energy fed into the grid revealed that the prosumer would
annually profit $ 389.46, while the utility would annually profit $ 304.27 under the SoG
scheme model compared to $ 170.39 under the time of use (ToU) scheme model [13].

The SoG scheme results based on the case of Uganda are promising. However, as
recommended by the authors, the scheme should be extended to other developing countries to
investigate its suitability [13]. Thus, in this study, the suitability of the SoG scheme model
across selected countries in SSA is examined. To investigate the scheme’s suitability, scheme
parameters of the selected countries, such as solar irradiance, lending interest rate, ToU rates
and share of the solar PV energy fed to the grid, were considered. In this study, the SoG
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scheme model was investigated for suitability in 13 SSA countries, namely, Namibia, Kenya,
Madagascar, Mali, Niger, Cote d’Ivoire, Senegal, Togo, Cameroon, Eswatini (formerly
known as Swaziland), Zimbabwe, Rwanda and Burkina Faso.

The rest of this paper is organized as follows: Section 2 discusses the literature review,
Section 3 explains the study methodology, while Section 4 presents the results and provides
the discussions of the results, and Section 5 concludes the study and recommends some future
works of the study.

2 Literature Review

2.1 Electricity Status in Sub Saharan Africa

Africa as a continent is endowed with a vast energy generation potential ranging from
conventional to renewable energy sources. Overall, the continent has a total solar potential of
about 10,000 GW, with a technical potential of solar PV energy estimated at about 6,500
TWh a year and high wind potential of about 109 GW, mostly in the coastal countries of the
continent [14-16]. Also, the continent’s East Africa Rift Valley offers an estimated
geothermal potential of about 15 GW, mainly in Kenya and Ethiopia [15, 16]. Furthermore,
the continent has an estimated hydropower potential of about 350 GW, attributed mainly to
the Congo and the Nile rivers that are among the world’s longest rivers [15]. For the
conventional energy resources, Africa has an estimated natural gas and oil potential of about
400 GW as well as an estimated coal potential of about 300 GW [15, 16]. However, the
continent’s SSA region is characterized by low electricity access, reportedly the least
electrified part of the world [17].

Although low electricity access is often used as a proxy for the electricity deficit in SSA, the
challenges go far beyond the access shortfall. The current state of the electricity sector in most
SSA countries is also characterized by limited consumption, pervasive reliability challenges,
prohibitive prices, and financial distress of the utilities [17]. The reliability of electricity
supply is a major constraint in SSA [17]. Although their extent varies significantly from one
country to another, grid power outages are common across most of the SSA countries [11]. In
2018, countries such as Nigeria and Niger were reported to have had the highest average
frequency of interruptions of 304 and 289 interruptions per customer, respectively [18].
Likewise, Nigeria and Guinea recorded the longest average duration of interruptions of 742
and 238 hours of interruption per customer, respectively, of all the West African countries in
2018 [18]. The frequency of power outages in SSA is due to insufficient generation capacities
and/or poor transmission and distribution infrastructure [19]. These outages significantly
impact the gross domestic product (GDP) and the firms’ sales in SSA, especially for the firms
without backup power sources [17, 20]. The overall cost of power disruption across SSA is
estimated at about 2.1% of the GDP, while the total sales of the African firms is estimated at
4.9% lower than they would be if electricity supply was dependable [20].

During power outage moments, commercial and industrial grid customers have to either incur
the high opportunity cost of lost sales and/or manufacturing output, or resort to the costly
backup power from diesel generators [11, 19]. Reliance on the backup diesel generators is
characterized by increased fossil fuel energy consumption as well as increased air pollution
emissions. In most of the SSA countries, the cost of generating power by the backup diesel
generators is costlier than the cost of the grid electricity [19]. For the moments of power
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outage, many facilities in the SSA region usually operate diesel generators at a cost in the
range of 28.0 — 32.0 ¢$/kWh [11]. To curtail the energy costs incurred by relying on diesel
generators during the grid power outages, commercial and industrial sectors are transitioning
to rooftop solar PV systems that are cheaper. By 2019, about 74 MW of rooftop solar PV
capacity had been installed by commercial and industrial sectors across SSA (excluding South
Africa) [11, 21]. Although the market is still small, it has a great growth potential backed by
the high solar energy resource across SSA countries [21]. If the SSA region aggressively
adopts renewable energies to about 35% increment in installed capacity by 2040, it would
obtain a 27% reduction in the CO, emissions from energy generation. However, this
additional installation of renewable energy technologies would necessitate about 31%
increment in capital spending or about $153 billion [16].

A world bank investigation on financial viability of the electricity sector in SSA revealed that
electricity generation costs differ across the SSA countries. The average unit cost was
reported to range from as low as 8 ¢c$/kWh in Zambia to more than 60 ¢$/kWh in Liberia and
Comoros [22]. The weighted average and median unit cost of electricity in SSA were 14
c$/kWh and 21 c¢$/kWh, respectively [22]. Liberia was reported to have the highest average
electricity tariff at 50 c$/kWh, while Ethiopia and Sudan have the lowest average electricity
tariff at 4 ¢$/kWh [22]. By comparing the costs incurred on electricity generation investment
and maintenance with the cash collected from electricity sells, only Uganda and Seychelles
were able to recover the total cost of service of all the SSA countries [22]. On the other hand,
in about 19 countries, the cash collected could only cover operating expenditure [22].

Due to the high upfront investment costs, the solar PV technology uptake in SSA is hindered
by financial constrains mainly arising from the absence of the financial sector involvement in
the solar PV market [11, 21]. Because of the financial constraints, most of the investment in
electricity projects in SSA is financed by foreign sources with minimal involvement of
domestic sources. Over three-quarters of private sector investment in electricity projects in
SSA is from foreign or mixed domestic and foreign sources [23]. The investment cost
requirement for electricity projects usually consists of a mix of debt and equity. In SSA, debt
often takes up a sizeable share of the project’s investment cost and is commonly issued by
banks, while equity constitutes the remainder and is often provided by the private investors or
companies [24]. Equity is typically characterized by higher required returns than debt, and the
high upfront investment cost of renewable energy projects make them sensitive to the
variations in the required returns [24]. The weighted average cost of capital (WACC) is a
measure used to express the average financing cost of a project. The levelized cost of energy
(LCOE) for renewable energy projects is more sensitive to changes in the WACC than the
LCOE for fossil fuel projects [24]. Thus, as the WACC value increases due to the debt and
equity costs, the overall LCOE for a renewable energy project increases [24]. For solar PV
energy projects across SSA, the WACC values are reported in the range of 8.0 — 32.0 % [24],
while the LCOE values are reported in the range of 6.0 —21.0 ¢c$/kWh [11].

2.2 Electricity Market and End-user Tariff Structures

A variety of electricity market structures exist in SSA ranging from vertically integrated to
fully structurally separated models [25]. Over the years, these structures have evolved to
permit independent power producers (IPPs) access to the power networks in all cases, that is,
generation, transmission and distribution [18, 26]. Although most of the countries still have
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vertically integrated structural utilities, there is an ongoing restructuring of the utilities
towards structural separation [18, 22, 25]. A full wholesale or retail competition does not exist
anywhere in SSA, but rather, there are various hybrid models where the public and private
investment co-exist. IPPs are found in different market structures, with no clear correlation
between the level or sequencing of reform and IPP investment. Majority of IPPs are found in
SSA countries with vertically integrated utilities [25]. More details about the electricity
market structures in SSA countries are discussed in [22].

Considering the current electrification rate in SSA, the region is in urgent need of more
power, and private sector investment remains crucial in foreseeing this accomplishment. IPPs
represent the fastest growing sources of power investment in SSA [25]. IPP investment flows
show little concern for electricity market structures but are more likely to gravitate to
countries with strong planning, procurement and contracting capacity, as well as good
regulatory quality [25, 26]. Most of the renewable energy projects developed by IPP in SSA
have been backed by power purchase agreements (PPAs) between the developer and off-taker
(government or utility operator) [21, 26].

Despite the increase in funding of power projects, only a small number of SSA countries can
attract IPPs [25, 26]. To attract private investors in the energy sector as well as to improve the
electrification levels, SSA countries offer incentives, with tax exemptions as the most
widespread policy instrument in the region [21]. Value Added Tax (VAT)/General and
Service Tax (GST) exemption is the most adopted cross-subsidy mechanism by SSA
countries for energy projects [18, 21]. The incentive is applicable to either a specific
consumption block or a customer category. Likewise, the use of a specific social tariff with a
much lower tariff than applied to other small consumers is common [18]. However, it is not
clear which tax incentives are applicable to solar PV technology projects, more specifically
the rooftop mounted systems in most of the SSA countries. In SSA countries, clean energy
policies are limited to tax incentives such as the import duty and VAT rate incentives, which
majorly favour utility scale solar and wind plants; while small scale PV systems are often
subjected to the normal tax rates [21]. In SSA countries such as Namibia, manufacturers are
offered a building allowance of 25% in the first year and 8% per year over 10 years, while in
Eswatini, industrial buildings are offered a 50% building allowance in the first year and 4%
thereafter [27]. It remains unclear whether such building allowances offered for the use of the
buildings for manufacturing purposes would as well apply to the installation of solar systems
on their rooftops.

For the developers, the financial viability of energy projects is achievable by securing the
revenue flows. However, in the SSA region, revenue flows of energy projects are at the core
of the investment difficulties in the power sector [25]. Most of the SSA utilities are
characterized by poor credit ratings and inefficient performance. In SSA, power distribution
losses average at about 23% compared with the commonly used norm of 10% or less in
developed countries [25, 28]. Likewise, the average revenue collection rates are only 88.4%
compared with the best practice of 100% [25]. The combined costs of distribution losses and
uncollected revenue, expressed as a percentage of the utility turnover, provides a measure of
the utilities’ inefficiency in the region.

Often, payments made to developers of the utility-scale projects are disbursed by public
entities, that is, the utility end-user customers [25]. To recover the unit cost of electricity and
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the ensure economic viability of the electricity market, utilities use different levy structures
for their range of customers. For the electricity end-users of the power grid, different tariff
structures and levels exist, varying from one SSA country to another. Tariff structures are the
form of charges for electricity consumption, while tariff levels are the actual magnitude of
charges that are levied as part of a specific tariff structure [18, 29]. Tariff structures constitute
of energy charges, while tariff levels constitute of fixed charges and capacity charges [18]. A
fixed charge is a monthly service fee that is billed to the utility customers regardless of their
demand and consumption of the month. Capacity charge, also known as demand charge, is a
monthly fee that is billed to the clients due to their contracted capacity. Capacity charge is
mainly applicable to the high voltage power demand customers. On the other hand, energy
charge is a monthly charge that is billed to the utility customers due to the electricity
consumption [18].

The energy charges can be classified in three categories, that is, flat tariff, where a single
value rating for all the energy units consumed is applicable regardless of the level of
consumption; consumption block, where different prices are applied to the energy unit
according to the consumption levels; and time of use (ToU), where different prices are
applicable depending on the time of the day in which the consumption is made (e.g. peak, off-
peak and shoulder/standard) [18]. In SSA, countries such as Mali, Togo, Niger, Burkina Faso
and Cote d’Ivoire apply all these categories of end-user tariffs, while Nigeria and Liberia only
use the flat tariff category of end-user tariff [18]. Of all the SSA countries, 20 of them utilize
the ToU rating schedule for non-residential sectors, that is, industrial and commercial sectors
[30].

2.3 Energy Business Schemes in SSA Countries

In many countries and states around the world, the FiT policies were introduced as a means of
subsidizing renewable energy projects by providing a fixed tariff for each energy unit fed into
the grid by a prosumer. However, the FiT policies struggled and/or failed in SSA, with only a
handful of countries having had such a framework by the time energy auctions began to see
widespread global uptake around 2016-17 [21]. Although the FiT schemes recorded success
in developed countries, they were unsuccessful in developing countries [7, 8, 31-33].
Investigations on the FiT schemes in African countries revealed that the schemes had been
poorly working and failed in some countries [8, 31]. The failure of the FiT schemes in African
countries were attributed to the unfavourable institutional design, insufficient level of the FiT
rates and/or obstacles in the implementation process [31]. Currently, there is no operational
FiT scheme for solar PV technology on the African continent [8].

A combination of renewable energy feed in tariff (RE-FIT) and global energy transfer feed in
tariff (GET-FiT) programmes that was launched in Uganda and Zambia is among the only
programmes in the SSA region to have incentivized any meaningful deployment [12, 21]. In
several countries, FiT policies have been abandoned and energy auctions have been adopted
[12, 21]. However, energy auctions are more administratively complex and require interest
from investors. Moreover, those carried out across the continent are often described as opaque
and ill-managed [21]. Nonetheless, if well-run and attractive to bidders, they can spur
competition, driving down subsidy costs in the process which would minimize the public
purse [21]. Many countries in the SSA region have seen their first large-scale renewable
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energy projects implemented through competitive auctions at internationally competitive
prices [21, 25].

The adoption of the net metering policy has been blithely ignored by most governments in
African countries [9, 12]. Although a national net metering scheme has been suspended,
South Africa has seen some uptake of the scheme at a municipal level with a number of local
authorities overseeing the schemes [21]. Namibia published tariffs for net metering in 2017.
However, the scheme has been criticized by municipalities, which are reluctant to see the net
metering scheme offset centralized power purchases, a significant source of municipal
revenue [21]. Several cases of new net metering regulations failing to encourage uptake exist
in SSA. For instance, Ghana introduced a net metering framework around 2015-16, but
further progress was hindered by opposition from distribution utilities, and the country was
yet to pass a net metering law [21]. Countries considering introducing this legislation include
Kenya. Senegal passed a net metering law in October 2018 and a pilot project was launched.
Targeting urban areas, the scheme sees a tariff being paid for all excess self-generated energy
over a 20-year period and offers tariffs in the range of 8.6 — 12.9 c$/kWh. Notably, the
scheme is heavily subsidized that state utility Senelec’s tariffs are higher than the average in
SSA which could make the scheme more attractive to consumers [21]. However,
implementation of the scheme will add financial pressure on the government of Senegal
through its commitment of meeting the scheme’s subsidies.

Overall, lack of well-developed institutional policies such as net-metering and FiT policies in
SSA countries remains a hindrance to solar PV development [31, 34]. Also, economic barriers
remain the biggest hindrance to solar PV development since the results of the investment are
revealed years later due to long payback periods [34-36]. Development of strong policies,
financial incentives and supports such as low interest loans, subsidies and lower taxes for
implementing solar PV projects are crucial to combat the existent economic barriers to solar
PV deployment in SSA [36, 37]. To devise alternative measures of fostering renewable
energy technologies in developing countries, other energy business models are being
investigated worldwide. As a novel energy business model, the SoG scheme is envisaged as
an alternative scheme that could be adopted by developing countries to foster renewable
energy uptake, especially rooftop solar PV technology [12, 13]. The scheme’s assessment for
the case of Uganda exhibited that its adoption is feasible for all the involved stakeholders
[13]. Thus, this study extends the assessment of the SoG scheme viability in other developing
countries in SSA. The details of the SoG scheme as proposed in [12, 13] are elaborately
discussed in Section 3. Description about the microgrid system and other basic features of the
SoG scheme as well as how it compares to other existent energy business models are given in
[12].

3 Methodology
3.1 Selected SSA Countries

This study investigates the viability of the SoG scheme model in selected SSA countries. The
country selection was based on the existence of the ToU scheme as the end-user energy
charge category for the industrial sector. Fig. 2 shows the location of the selected SSA
countries on the African continent.

Table 1 shows the selected SSA countries, considered locations with their coordinates and the
ToU rates for the industrial sector. As revealed in literature, only about 20 SSA countries



323  currently use the ToU scheme [30]. Considering 13 out of 20 SSA countries for viability of
324  the SoG scheme could mirror the suitability of the scheme’s adoption by individual SSA
325  countries.
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327 Fig. 2: Map of Africa with Highlighted SSA Countries Considered in this Study
328 Table 1: Considered Locations in Sub-Saharan African Countries, their Coordinated and Time of Use Rates for
329 Industrial Sector
Coordinates Time of Use Rate (c$/kWh)
Country Location . .
Latitude Longitude Peak | Standard | Off-peak Source
Namibia Windhoek City | 25 5609°S | 17.0658°E | 16.0 13.0 9.2 [38]
Kenya Nairobi 1.2921°S 36.8219°E 9.5 9.5 4.8 [39]
Madagascar Antananarivo 18.8792° S 47.5079° E 18.0 4.2 2.3 [40]
Senegal Dakar 14.7167°N | 17.4677°W | 22.4 14.7 14.7 [18, 41]
Burkina Faso | Ouagadougou 12.3714°N | 1.5197°W | 244 12.2 12.2 [18]
Cote d’Ivoire | Yamoussoukro 6.8276° N 5.2893° W 14.0 10.2 8.3 [18]
Mali Bamako 12.6392° N 8.0029° W 19.1 13.0 9.5 [18]
Niger Niamey 13.5116° N 2.1254°E 13.4 9.3 9.3 [18]
Togo Lome 6.1256°N 1.2254°E 16.3 14.4 13.1 [18]
Eswatini Mbabane 26.3054° S 31.1367° E 27.0 8.5 5.6 [42]
Zimbabwe Harare 17.8216° S 31.0492° E 13.0 7.0 4.0 [43]
Rwanda Kigali 1.9441°S 30.0619°E | 17.0 13.0 9.9 [43]
Cameroon Yaoundé 3.8480° N 11.5021°E 15.4 12.7 12.7 [43]
330 3.2 SoG Scheme Model Application

331  For any of the selected SSA countries to successfully implement the SoG scheme for an
332 energy business initiative, the SoG scheme model canvas in Fig. 3 should be followed. The
333  SoG scheme model canvas in Fig. 3 shows the building blocks that characterize business
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models to depict how the energy business initiative could create and deliver value, make
money, and visualize its structure under the SoG scheme.

Key Partners
- Utility companies
- Building owners
- Government

Key Activities
- Increase distributed energy
generation.
- Maxumize self-
consumption.
- Utilize free rooftop spaces.
- Micro-grid withthe BESS.

Key Resources
- Solar PV technology
- Human resource
- Rooftop space

Revenue Stream

- Prosumers generate
revenue from electricity
fed into the gnd.

- Government generate
revenue from tax levy and
usage of the BESS.

- Utilities generate revenue
from selling the
electricity fed mto the
orid by the prosumers.

Value Proposition
- Guaranteed energy and cost
savings for customers.

- Cost-effective way to
finance clean energy
projects.

- Leverages utilities a unique
relationship with their
customers.

- Mimmized GHG emissions
from energy generation.

- Reservation of land space
for other developmental
activities.

- Guaranteed profitabihity to
all stakeholders.

Customer Relationship
- Direct relationship
between utility and

Channels

- Sensitizing and
marketing to the
mdustry buildings
owners /operators
mainly through the
local government
and civil society
organizations.

customers/ developers
governed by the PPA.

|

=

Customer Segments
- Building owners

- Third-party
developers

Cost Structure

- Solar PV technology

equipment costs
- Operation and
maintenance costs
- Sensitization costs

|

J

Values

Competitive Strategy

- May need to offer additional
mncentives such as soft
loans.

- Offers the average rate,
besides the time of use rate
to the scheme’s participating
prosumers for the electricity
bought from the utility.

- Low risk way of
reducing electricity
purchase costs.

- Self-generation and
self-consumption of
electricity.

- Additional revenue
generatng venture for
stakeholders.

- Environmental benefits
in form of reduced
GHG emissions.

Fig. 3: SoG Scheme Model Canvas for Energy Business Initiatives

a) SoG Scheme PPA Terms and Conditions

To streamline and efficiently implement the SoG scheme in any country or region, the
regulatory authority or government develops the PPA as well as the terms and conditions that
govern the scheme. The key aspects of the scheme such as guaranteed access to the grid,
transacting with the utility for a contracted period, installation of the required BESS for
contracted prosumers by the government and the acceptable solar PV capacity under a single
contract must be well described in the PPA. In addition, the government specifies the
following aspects in the PPA to ensure transparency and awareness about the scheme’s
operation at any given time to avoid windfall profits as a result of the rates offered by the

scheme.

1. Specifies the equity-debt ratio of the investment cost of the solar PV system to be
considered in evaluating the WACC and LCOE rate applicable to all prosumers under

the SoG PPA.

ii.  Specifies the tax incentives applicable to all prosumers under the SoG PPA.
iii.  Specifies the percentage of the solar PV energy stored in the BESS that would be
charged a fee, referred to as the store-on grid rate, applicable to all prosumers under

the SoG PPA.
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iv.  Specifies the percentage share of the solar PV energy generated that should be self-
consumed by the prosumer under the SoG PPA.

v.  Specifies the percentage share of the solar PV energy generated that is considered in
evaluating the feed-in grid rate applicable to all prosumers under the SoG PPA.

Based on the country’s set target for the SoG scheme, the abovementioned specifications
might be revised annually in order to achieve the targets as well as to account for market
dynamics such as the variation in the ToU rates and solar PV module prices. The potential
industrial prosumers are at liberty to adopt the scheme whenever they are ready. It is in the
prosumer’s powers to determine the solar PV capacity to install on their building, which is
mainly dependent on the available rooftop area and their financial capability.

b) Solar PV Systems under a Single SOG Scheme PPA

In this study, a total solar PV upper limit capacity of 5.0 MW evaluated to require a 3.9 MWh
BESS capacity was considered for every single SoG scheme PPA based on the description in
[12]. To constitute this solar PV capacity, it was assumed that several industrial prosumers are
contracted under a single SoG scheme PPA as shown by Fig. 1. For the selected SSA
countries, it was also assumed that for every single PPA of the SoG scheme, represented by
the micro-grid system in Fig. 1, there is a typical industrial prosumer with a building that has
a rooftop area which can accommodate a 153.6 kW solar PV capacity based on the
description in [12]. Thus, in each of the selected countries in this study, the prosumer costs
and benefits were evaluated based on the typical industrial prosumer, that is, assumed to have
a 153.6 kW solar PV capacity system. The required BESS capacity under the SoG scheme is
jointly utilized by all the participating prosumers under a single PPA as shown in Fig. 1 and
cannot be disintegrated to represent the individual participating prosumers. Thus, the 3.9
MWh BESS capacity that is jointly shared by the participating prosumers under a single SoG
PPA was considered in this study’s evaluation to determine the levelized cost of storage for
each of the selected SSA countries. Furthermore, this typical industrial building was assumed
to have a daily energy demand based on its operational and non-operational days of a week.
Table 2 shows the energy demands of the typical industrial building during operational and
non-operational days for the different ToU periods. For all the selected locations, it was
assumed that the ToU periods have the same time ranges. The off-peak period was considered
in the range of 00:00 am — 06:00 am; standard peak in the range of 06:00 am — 06:00 pm; and
peak period in the range of 06:00 pm — 00:00 am.

Table 2: Typical Industrial Energy Demand Based on the Time of Use Periods

Time of Use Periods’ D d (KkWh
Energy Demand of the Day ime of Use Periods’ Demand ( ) Total energy
Peak Standard Off-peak demand (kWh)
Operational 53.04 564.39 53.59 671.02
Non-operational 53.04 105.56 53.59 212.19

Solar PV module prices vary from one country to another. Also, the prices might still vary
from one region to another within a country. Thus, because of such disparities in solar PV
module prices in SSA, two solar PV module price scenarios (A and B) were considered in this
study and their respective details are shown in Table 3. For the SoG scheme model, several
industrial prosumers constituting a specified solar PV capacity are contracted under a single
SoG PPA with a guarantee to access to the grid as well as the BESS for storage of their
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energy that can be used during the peak and off-peak periods. Solar PV system design and
sizing as well as BESS size description under the SoG scheme model in [12] were adopted in
this study. Table 3 shows the system description and costs used in this study.

The weather datafiles for selected locations were generated from Meteonorm database and
used in Systems Advisor Model (SAM) tool following the system design details in Table 3 to
simulate the performance of a typical industrial solar PV system. In this study, Solton Power’s
SPI-300P module under CEC Performance Model and ABB’s PVI-10.0-I-OUTD-x-US-480-
y-z480V [CEC 2011] inverter under inverter CEC Database in SAM tool were selected and
used for PV system simulation, while 24 V 100 Ah Li-ion batteries were considered for the
BESS under the SoG model. To meet the industrial demand, in this study, solar PV system
generation was estimated to supply 75% of the annual demand, the energy stored-on grid
(BESS) was estimated to supply 9% of the annual demand, while 16% of the annual demand
was to be supplied by the grid. Any surplus generated solar PV energy was assumed to be fed
to the grid for each considered location of the study.

Table 3: Specifications of Typical Industrial Solar PV System, Costs and Capacities under the SoG Scheme

Considered
Entity Value | Entity Values
Typical Industrial Solar PV System Scenario A | Scenario B
Modules per string 8 Module price ($/W) 0.40 0.65
Strings in parallel 32 Inverter cost ($/W,.) 0.17 0.17
Number of inverters 7 Structural and Electrical BOS ($/Wy,) 0.36 0.36
Number of modules per roof 256 Evaluated investment cost ($) 143347 182,515
slant area
Inverter replacement time 15 PV system O&M costs ($/year) 2,294 2,920
Solar PV lifetime (years) 25 Inverter replacement ($) 14,335 18,252
Solar PV Systems and BESS under SoG Scheme model
BESS Capacity under SoG BESS investment cost ($)
scheme PPA (MWh) 3.9 918,179 918,179
Solar PV Capacity under BESS O&M costs ($/year)
SoG scheme PPA (MW) >-0 3,673 3,673
BESS lifetime (years) 20 BESS annual energy output (kWh) 1,186,196 1,186,196
3.3 SoG Scheme Model Analysis
a) Costs Analysis
Under the SoG scheme model, the LCOE for solar PV system is considered as the cost
incurred by the prosumer for the energy supplied directly to their load by the solar PV
generated energy. The LCOEpy rate of the SoG scheme is evaluated by using Eq. (1) [12].
Zgl:l It+M€
LCOEPV = ((1+T) ) (1)

n EPV .(1_y)t
t=1

(1+n)t )

where, I; is the annuitized investment cost for solar PV system; M, is the annual operation
and maintenance cost for solar PV system; E¥V is the annual energy generated by the solar
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system; y is the annual degradation factor of solar PV system; and r is the discount rate,
evaluated as the weighted average cost of capital (WACC) of the firm expressed by Eq. (2).
E D

wace = (=) G+ (5) - (1= 1) )
where, E and D are the equity and debt shares of the investment cost, respectively; Cz and Cp,
are the cost of equity and cost of debt, respectively; and t is the corporate tax. The cost of
equity is the sum product of risk-free rate and equity risk premium multiplied by beta
coefficient for the risk premium, while the cost of debt is the ratio of the firm’s interest
expenses to its debt load. Table 4 shows the equity risk premium, corporate tax, risk-free rate
and loan interest rate for the selected SSA countries used to evaluate the discount rate 7.

Table 4: Equity risk premium, corporate tax, risk-free rate and loan interest rate for the considered countries

Eq}l ity Risk Corporate Tax Risk-free Rate Loan Interest
Country Pl‘enz](l)lél(;l[(‘;zi) for (%) fl())r 2020 [45] (%) [44, 46] Rate (%) [47]
Namibia 9.64 32 9.7 8.2
Kenya 13.32 30 11.9 10.4
Madagascar 14.79 20 8.0 41.5
Senegal 10.52 30 12.0 4.5
Burkina Faso 13.32 28 9.3 3.1
Cote d’Ivoire 10.52 25 10.5 7.1
Mali 14.79 35 14.6 3.1
Niger 14.79 30 9.5 3.8
Togo 14.79 28 8.7 4.2
Eswatini 13.32 27.5 13.9 8.2
Zimbabwe 22.86 25 17.4 21.1
Rwanda 13.32 30 12.1 16.1
Cameroon 13.32 33 13.0 3.25

Under the SoG scheme, at any given time, when the prosumer’s solar PV system generates
more energy than can be consumed, some of the energy is channelled to the battery energy
storage system (BESS) and stored for the prosumer to use later. When the prosumer draws
energy from the BESS, a store-on grid rate specified in the SoG scheme PPA is levied on that

energy. The store-on grid rate Pfge"eG is evaluated by using Eq. (3) and the LCOS is evaluated
by using Eq. (4) [12].

P3¢ = -6-LCOS (3)
CAPEX+YN . %
LCOS = — Egggs(sﬁ 7) 4)
z:t=1<(1+r)f>

where, LCOS is the levelized cost of storage of the BESS for a single SoG scheme PPA; § is
the ratio of standard rate to peak rate of ToU rating model; and 1 is the percentage of solar
PV energy stored in the BESS that is charged a fee by the grid based on the SoG scheme PPA.
The value of ¢ is always specified by the utility (government) for the prosumer’s consent
before the enactment of the PPA. CAPEX is the BESS capital expenditure; A, is the annual

operating cost of BESS; N is the SoG contracted period; EBESS is the annual energy output
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from the BESS; and r is the discount rate, evaluated by Eq. (2) for the individual selected
SSA country.

In case the prosumer’s solar PV system generates less than the energy demanded by the
industrial building, the prosumer is obliged under the SoG scheme PPA to have the required
energy supplied by the grid system. Unlike under the ToU scheme, the grid supplies energy to
the prosumer at a grid sellback rate under the SoG scheme that is specified in the PPA. The

grid sellback rate PSES! for the solar energy generating industry (SEGI) is evaluated by using

Eq. (5)[12].

(Po+pstpp)
pigg — ertet) ®
where, p, is the off-peak rate under the ToU scheme; p; is the standard rate under the ToU

scheme; and p,, is the peak rate under the ToU scheme. Based on the ToU rates for the

selected countries in Table 1, the respective grid sellback rate P3L5 are evaluated.

b) Benefits Analysis

In case the BESS is charged to its full capacity and the prosumer still has surplus energy, the
prosumer feeds the surplus energy to the grid at the specified feed-in grid (FiG) rate in the
SoG scheme PPA. The FiG rate P! for the SEGI is evaluated by using Eq. (6) [13].

L (1-6) (((1+r)M—1) _((1+r)_M+T-M—1)_ _ }
[9. W\ ™ +7 = (1-7) +]
] 1 (a+nN-1) |
! Ormo ((1+r)"1nv)+®0M (r-(1+r)N)
z ((e+B), (a+nK-1\ _ 1-a+n~N }
caztadi reeeovs k)

SEGI __ o . 1. l N ((r+1) " r-(1+nK p
Pric" =10p =y =1 =) Rrie] oSy oy em M@ Gop V=]
(6)
For Rpic=m—¢) R @)

where, 6 is the equity share of investment cost; (1 — 8) is the debt share of the investment
cost; M is the debt maturity period; 7; is the loan interest; @, is the percentage of the
investment cost that accounts for inverters replacement; n;,,,, is the year of inverters’
replacement; @, is the percentage of the investment cost that accounts for operation and
maintenance of the system; Rg;; is the solar PV system investment cost attributed to the solar
energy fed to the grid, evaluated by using Eq. (7); Ef¢! is the energy generated by a solar PV
system fed to the grid; PS5 is the FiG rate; y is the annual degradation rate; p is the
degression rate; T is the corporate income tax rate; r is the discount rate evaluated as weighted
average cost of capital (WACC); N is the SoG contracted period; R is the solar PV system
investment cost; 7 is the percentage of the solar energy generated that is fed to the grid; ¢ is
the non-linearity coefficient between the energy generated and the investment cost of the solar
PV system under the SoG scheme; o is the initial allowance; [ is the building use allowance;
a is the start-up allowance; 0 is the depreciation allowance; and K is the allowed period for
start-up allowance. Since in most of SSA countries there are no clear-cut mentioned tax
incentives applicable to rooftop solar PV systems, Table 5 shows the general tax incentives
(building, depreciation, initial, and start-up allowances) that were assumed and used in this
study to evaluate the FiG rate under the SoG scheme model for the selected countries.

15



478

479

480
481
482
483
484
485

486

487
488

489
490

491

492

493
494
495
496

497
498

499
500

Table 5: General Data Used to Evaluate the Rooftop Solar PV Energy FiG Rate for the Selected Countries

Metric Notation Value
Allowed period of start-up allowance (years) K 4
Annual degradation rate (%) )4 0.5
Building use allowance (%) B 20
Debt maturity period (years) M 5
Debt share of investment cost (%) (1-6) 60
Depreciation allowance (%) d 20
Equity share of investment cost (%) 0 40
SoG contracted period (years) N 20
Initial allowance (%) o 50
Degression rate (%) p

Non-linearity coefficient (%) ¢ 5
Percentage of investment cost for inverters' replacement (%) Dinw 10
Percentage of investment cost for O&M cost (%) Dom 1.6
Start-up allowance (%) a 25
Year of inverters' replacement (year) Ny 15

¢) SoG Scheme Model Viability

For the feasibility of the solar PV energy transaction between the industrial solar PV energy
prosumer and the utility operator, the FiG rate under the SoG scheme should always lie in the
range given by the constraint in Eq. (8) for all parameters of the model. The constraint in Eq.
(8) should always hold for the prosumer to attain reasonable returns when feeding the surplus
solar PV energy to the grid and likewise for the utility operator when selling the energy to the
prosumers under the SoG scheme model.

LCOEpy < Prig' < Pgrig (8)

Profits analyses for the solar PV energy fed to the grid by the prosumer and those of the utility

operator for the sale of the energy fed to the grid under the SoG scheme were evaluated. To
SEGI Grid

undertake the profits analysis for the prosumer Fy % and utility operator Fppo. under the
SoG scheme, Egs. (9) and (10) are used, respectively.
Forofic = (Prig' — LCOEpy) - Epig" ©)
FErhe = (PS5 — PEEC") - B (10

Additionally, by adopting the SoG scheme, the prosumer records a reduction in the electricity
purchase costs as a result of self-consumption of the solar PV energy generated by the

installed system. The reduction in the electricity purchase costs, referred to as prosumer’s
Sec

secondary benefits Bp; are evaluated by using Eq. (11).
B3S = EfVy - (ps — LCOEpy) + EioSy, - (pp — (LCOEpy + PSSC)) + EiSoSy,
(Po = (LCOEpy + PESE)) + EoGy s - (ps — (LCOEpy + PESS)) (11)

where, E f;,ofdlp is the solar PV energy stored in the BESS and supplied to the load during the
peak period; E [f)%%'o is the solar PV energy stored in the BESS and supplied to the load during
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the off-peak period; E;%; ¢ is the solar PV energy stored in the BESS and supplied to the load

during the shoulder period; Pf:eG is the store-on grid fee levied on the PV energy stored in the

BESS; p,, ps and p, are the peak, shoulder and off-peak tariffs, respectively, for the ToU
scheme.

d) Government Revenue Analysis

With the government as a key stakeholder in the implementation and success of SoG scheme,
it is crucial to assess its revenue collection from the scheme. The government taxes the energy
transaction between the prosumer and the utility under SoG scheme. In this analysis, the tax
generated per kWh of the solar PV energy fed to the grid under the SoG scheme was
evaluated by using Eq. (12). The government tax collection evaluated by using Eq. (12)
captures the corporate tax generated from the solar PV energy fed to the grid by deducting the
tax allowances offered to rooftop solar PV systems.

S e i M L T (L P il
t=1 (a+nt N r+1) T\ r@+nK r
= ESEGI (12)
Z{“V=1( FiG )

(1+n)t

TGov -

4 Results and discussion
4.1 Solar PV System Performance Evaluation

As discussed in subsection 3.2, a prosumer with a typical industrial building was considered
for every single SoG scheme PPA in the selected SSA countries. A typical industrial building
was assumed to have a pitched roof, that is, having two slant roof areas for installation of
solar PV system. For a typical size solar PV system of 153.6 kWp capacity considered in this
study, each slant roof area of the building was estimated to accommodate 76.8 kWp array
following the system description in Table 3. A tilt angle of 25° was used for the system at all
the considered locations, given most rooftops in SSA have an average pitch angle of about 25°
[48]. The performance of the solar PV system was simulated for different orientations at every
considered location in Table 1. For all the considered countries, a combination of East and
West orientations of solar PV arrays yielded the highest annual energy generation. Table 6
shows the solar PV system annual energy generation at the selected locations in SSA.

Table 6 reveals that a rooftop solar PV system in Windhoek, Namibia would generate the
highest energy annually, while a system in Yamoussoukro, Cote d’Ivoire would generate the
least energy annually. The difference of 73,446 kWh between the annual energy generated by
the system at Windhoek and Yamoussoukro could be attributed to the solar irradiance
received at the two sites. Cote d’Ivoire has a reported daily solar PV yield potential in the
range of 3.6 — 4.4 kWh/kWp, while Namibia has a daily solar PV yield potential in the range
of 5.0 — 5.8 kWh /kWp [49]. Thus, based on the daily solar PV yield potential of the two
countries, a solar PV system installed in Namibia would always generate more energy daily
than the one installed in Cote d’Ivoire. Fig. 4 shows the monthly solar irradiance received on
the plane of array (POA) of solar systems for the East and West orientations at the site in Cote
d’Ivoire and Namibia. The POA of solar PV systems in Fig. 4 reveals that the system in Cote
d’Ivoire could receive solar irradiance close to that of a system in Namibia only in the months
of April to June. For the rest of the months, the solar irradiance on the POA of solar PV
system in Namibia could greatly exceeds that of the system in Cote d’Ivoire.
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Table 6: Solar PV System Annual Energy Generation at Selected Locations in SSA

Energy Generation based on Azimuth
Angle (kWh) Total Annual
Country Location East Orientation | West Orientation Energy Generated

(kWh)
Namibia Windhoek City 131,533 130,997 262,530
Kenya Nairobi 104,819 102,456 207,274
Madagascar Antananarivo 111,094 110,795 221,889
Senegal Dakar 120,889 120516 241,405
Burkina Faso | Ouagadougou 119,221 119,950 239,171
Cote d’Ivoire Yamoussoukro 95,000 94,084 189,084
Mali Bamako 119,197 119,205 238,402
Niger Niamey 121,965 121,646 243,611
Togo Lomé 101,545 101,843 203,388
Eswatini Mbabane 100,689 99,861 200,550
Zimbabwe Harare 109,333 106,412 215,745
Rwanda Kigali 104,864 101,992 206,856
Cameroon Yaoundé 96,135 95,926 192,061
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Fig. 4: Solar Irradiance on POA of Solar PV Systems at Windhoek and Yamoussoukro

4.2 Cost Analysis Evaluation

Assuming a beta value of 1 and an industry’s cost of debt of 5% as well as using the data in
Table 4 in Eq. (2), the WACC of the typical industry was evaluated for the selected countries
and is reported in Table 7. The typical solar PV system evaluated for the two scenarios had an
investment cost of $ 143,3467 and $ 182,514 for scenario A and scenario B, respectively,
based on solar PV module prices shown in Table 3. At a loan maturity period of 5 years and
debt share of capital of 60% as well as the respective country’s lending interest rate, the
industry’s annuity in the selected countries was evaluated and is shown in Table 7. For all the
selected locations, the applied equity share of capital was 40%, which is an equivalent of $
57,338.8 and $ 73,005.6 for scenario A and scenario B, respectively. Also, the operation and
maintenance costs and the inverters’ replacement cost after 15 years for respective scenarios
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shown in Table 3 were applied to all the selected locations. The solar PV system was assumed
to have a degradation rate of 0.5% per annum at all sites. With this information, the LCOE of
the solar PV energy at the selected locations was evaluated for a 153.6 kW typical solar PV
system for a lifetime of 25 years by using Eq. (1) and is reported in Table 7.

Table 7: Solar PV System Economic Analysis for the selected Locations in SSA

Annuity ($) LCOE (c$/kWh)
Country WACC (%) Scenario A Scenario B Scenario A Scenario B
Namibia 9.78 21,654.93 27,571.81 7.08 9.02
Kenya 12.19 22,921.01 29,183.83 10.35 13.18
Madagascar 11.52 43,332.19 55,172.04 13.68 17.42
Senegal 11.11 19,591.91 24,945.10 7.83 9.96
Burkina Faso 11.21 18,833.90 23,979.98 7.79 9.92
Cote d’Tvoire 10.66 21,032.75 26,779.63 10.12 12.88
Mali 13.71 18,833.90 23,979.98 8.73 11.11
Niger 11.82 19,211.32 24460.51 7.94 10.11
Togo 11.56 19,428.41 24,736.93 9.45 12.03
Eswatini 13.06 21,654.93 27,571.81 10.8 13.75
Zimbabwe 18.35 29,458.34 37,507.39 14.43 18.37
Rwanda 12.27 26,328.96 33,522.94 11.21 14.27
Cameroon 12.54 18,914.50 24,082.60 10.33 13.15

The evaluated WACC values in Table 7 of the considered countries are in the range of 9.78 —
18.35%, which agrees with the reported range of WACC values of 8.0 — 32.0% across SSA in
[24]. WACC values are high in African countries due to country-specific risks, that is,
perceived and actual risks that are higher in SSA than in developed countries. These risks
arise from concerns over financial and political stability as well as regulatory and institutional
conditions. Thus, investors would require a higher rate of return on the investment to
accommodate for such risks. For an investment to be attractive to an investor, its WACC
should be greater than the firm’s actual internal rate of return (IRR). The IRR for solar PV
investment in SSA is reported in the range of 15 — 22 % [11]. Thus, by comparing the
evaluated WACC values and the reported IRR range in SSA, an investment in solar PV
technology could still be attractive to the investors in most of the selected SSA countries.

Also, the evaluated LCOE for solar PV for both scenarios presented in Table 7 is in the range
of 7.08 — 18.37 ¢$/kWh. In literature, solar PV energy is reported to be delivered at an LCOE
between 6.0 — 21.0 ¢c$/kWh in SSA [11]. Thus, the range of the LCOE for solar PV energy
evaluated in this study agrees with the range reported in literature for solar PV energy in SSA,
an indication that the study results are a good representation of the economic state of solar PV
in SSA. It should be noted that the LCOE for solar PV energy is highly sensitive to the
WACC and loan interest rates as well as the solar energy resource of the location. Thus, as
revealed in Table 7, countries with high WACC and/or high lending interest rate also have
high LCOE for solar PV system.

As described in [12], under the SoG scheme model, several prosumers are contracted under a
single SoG PPA to install solar PV, while the government through the utility operator
facilitates the installation of the battery energy storage system (BESS). Thus, in this study, the
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BESS investment cost of $ 918,179 as well as the operation and maintenance cost of $3,673
and the annual BESS energy as reported in Table 5 were used for all systems in the selected
countries. The percentage share of the total energy drawn from the storage system that is
charged a fee by the grid operator i was assumed at 62.02%, and applied to all systems in all

the selected countries as was used in [12, 13] to evaluate the store-on grid rate PfSe"eG by using

Eq. (3). Table 8 shows the values of §, LCOS evaluated by using Eq. (4), the store-on grid rate
Pfge"eG evaluated by using Eq. (3), and the grid sellback rate P555" evaluated by applying the

time of use (ToU) rates for selected countries in Eq. (5).

Table 8: Evaluated Store-on Grid Fee and Grid Sellback Rate for Selected countries in SSA

Country 5 LCOS (c$/kWh) [ PSS (c$/kWh) PSEGI (c$/kWh)
Namibia 0.8125 9.98 5.03 12.73
Kenya 1.0000 11.57 7.18 6.37
Madagascar 0.2333 11.12 1.61 8.17
Senegal 0.6563 10.85 4.42 17.27
Burkina Faso 0.5000 10.91 3.38 15.60
Cote d’Ivoire 0.7286 10.55 4.77 10.83
Mali 0.6806 12.60 532 13.87
Niger 0.6940 11.32 4.87 10.67
Togo 0.8834 11.14 6.10 14.60
Eswatini 0.3148 12.15 2.37 13.70
Zimbabwe 0.5385 15.89 531 8.00
Rwanda 0.7647 11.62 551 13.30
Cameroon 0.8268 11.8 6.05 13.60

From Table 8, it is revealed that of all the selected SSA countries, it is only in Kenya that the
store-on grid rate is higher than the grid sellback rate. This is attributed to the lower ToU rates
offered as well as the same rates for peak and standard periods in Kenya as presented in Table
1. Because of the same rates offered during the peak and standard periods, the value of § is
equivalent to 1 for the case of Kenya, which results in a high store-on grid rate based on Eq.
(3). On the other hand, due to very low values of § in Madagascar and Eswatini, the
respective store-on grid rate in these countries is very low, while the LCOS is very high. This
results from the very low standard period rates offered in these countries in comparison to
their peak period rate under the ToU scheme as presented in Table 1. Overall, for all the
selected SSA countries, the store-on grid rate is in the range of 1.61 — 7.18 c¢$/kWh and the
grid sellback rate is in the range of 6.37 — 17.27 ¢$/kWh, while the LCOS of the BESS varies
in the range of 9.98 — 15.89 c¢$/kWh. The variation in the LCOS of the BESS is as a result of
the differences in the WACC values in Table 7 of the considered countries that are in the
range of 9.78 — 18.35% for the selected SSA countries.

In this study, the industry was considered on average to have at least 10 non-operational days
every month to account for the public holidays, maintenances and weekends, while it worked
for the rest of the days of the month. The monthly energy demands of the industry were
evaluated based on operational and non-operational days for each month as well as the ToU
energy demand in Table 2. Table 9 shows the monthly energy demands of the industry in this
study.
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612 Table 9: Monthly Energy Demand of the Industrial building

Month Energy Demand based on Time of Use Periods (kWh) Total Monthly

Peak Standard Off-peak demand (kWh)
January 1,644.24 12,907.79 1,661.29 16,213.32
February 1,485.12 11,214.62 1,500.52 14,200.26
March 1,644.24 12,907.79 1,661.29 16,213.32
April 1,591.20 12,343.40 1,607.70 15,542.30
May 1,644.24 12,907.79 1,661.29 16,213.32
June 1,591.20 12,343.40 1,607.70 15,542.30
July 1,644.24 12,907.79 1,661.29 16,213.32
August 1,644.24 12,907.79 1,661.29 16,213.32
September 1,591.20 12,343.40 1,607.70 15,542.30
October 1,644.24 12,907.79 1,661.29 16,213.32
November 1,591.20 12,343.40 1,607.70 15,542.30
December 1,644.24 12,907.79 1,661.29 16,213.32
z{"vt:,‘lll)A“““al Demand 19,359.6 150,942.75 19,560.35 189,862.7

613  From Table 9, comparing the overall total annual energy demand of the industrial building
614  with the simulated annual solar energy generation at all selected sites in SSA in Table 6, it is
615  only the system in Cote d’Ivoire that generates less than the annual demanded energy. It

616  should be noted that with the variation in the considered number of operational days per

617  month, the monthly energy demand of the industry could as well vary. It is possible that in
618  some of the considered countries the industries operate for more or less days of the month
619  than assumed in this study. Such a deviation from the assumption of the study could increase
620  or decrease the annual energy demand of the industry. Likewise, some industries could have
621  some of their operations schedules for the night-time, contrary to the study’s assumption of
622  industries operating only during daytime. However, such incidences necessitate real time data
623  on industries’ operations in order to have the conclusive evaluation of their annual energy
624  demand and compare it with the possible annual energy generation from the solar PV system.

625 By using the ToU rates in Table 1 and the energy demand per ToU period in Table 9, the

626  industry’s monthly and annual energy costs were evaluated for the selected SSA countries.
627  Also, by using the LCOE in Table 7, store-on grid rate and grid sellback rate in Table 8 with
628  the total monthly energy demand in Table 9, the industry’s monthly and annual energy costs
629  were evaluated. Fig. 5 shows the comparison between the annual energy costs of the industry
630  under ToU scheme and SoG scheme for the selected SSA countries.
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Fig. 5: Comparison of the Evaluated Industry’s Annual Energy Cost under the Time of Use and Store-on Grid
Schemes for Selected Countries in SSA

A comparison of the annual energy cost under the two schemes in Fig. 5 reveals that in most
of the considered countries, the industry would incur lower annual energy costs under the SoG
scheme than under the ToU scheme regardless of the scenario considered. For both scenarios
of SoG scheme, the industry prosumer in the case of Kenya, Madagascar, Zimbabwe and
Eswatini would incur more annual energy costs under the SoG scheme compared to under the
ToU scheme. These differences in the annual energy costs could be attributed to the very low
energy tariffs offered under the ToU scheme and likewise the high lending interest rates
incurred by a borrowing investor in these countries. Most of the industrial energy load is
mainly during daytime, that is, during the solar PV energy generating period for the SoG
scheme and the standard period for the ToU scheme as shown in Table 9. Fig. 6 shows the
comparison between the standard rate under the ToU scheme (from Table 1) and the LCOE
rate under the SoG scheme for the two scenarios (from Table 7) for the selected SSA
countries.
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Fig. 6: Comparison between the Schemes’ Main Tariffs in Selected Countries in SSA
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From Fig. 6, it is evident that the LCOE rate under the SoG scheme is very high in countries
such as Madagascar and Zimbabwe compared to the standard rate under the ToU scheme. For
instance, the evaluated LCOE rate is about 4.3 times the standard rate in Madagascar, and
about 2.6 times the standard rate in Zimbabwe. These high values of the LCOE rate are as a
result of the high loan interest rates in these countries as shown in Table 4. Under the SoG
scheme scenario A, the LCOE rate is lower than the standard rate of the ToU scheme in most
of the selected SSA countries. In this study, the economic analysis of solar PV system was
evaluated on the basis that the debt share of the investment cost is 60%. Thus, the lending
interest rate on the loan has a significant impact of the solar PV system’s LCOE value.

4.3 Benefits Analysis Evaluation

Under the SoG scheme, the prosumers feed their surplus energy generated to the grid at the
contracted FiG rate specified in the PPA. Likewise, the grid supplies some of the prosumer’s
energy demands at the specified sellback rate in the PPA. As an assumed obligation under the
SoG scheme model, on an annual basis, the direct solar PV energy to the load should meets
75%, and the energy from the BESS to the load should meet 9% of the industrial energy
demand, while 16% of the load is mandatorily supplied by the grid in accordance to the SoG
scheme PPA terms. Fig. 7 shows the annual energy fed to the grid by the prosumer and its
share of the total annual energy generated by the solar PV systems in the selected countries of
SSA.
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Fig. 7: Annual Solar PV Energy Fed to Grld and Its Share of Energy Generation for Selected Countries in SSA

From Fig. 7, it is revealed that for all the considered countries, more than 15% of the
generated solar PV energy is fed to the grid by the prosumer annually. On average, 26.83% of
the generated solar PV energy is fed to the grid annually. The least share of the energy fed to
the grid annually is 15.65% for the case of a solar PV system in Cote d’Ivoire, while the
highest share of the energy fed to the grid annually is 39.25% for the case of a solar PV
system in Namibia. The surplus energy generated by the prosumer from the solar PV system
is fed to the grid at a contracted FiG rate. At any moment the prosumer’s demand is met, as
well as the BESS is fully charged, the prosumer would feed the surplus energy to the grid.
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The energy fed to the grid varies based on the daily solar irradiance of the location and the
prosumer’s energy demand. Thus, for some days the prosumer might not feed any units of
solar energy to the grid, while on other days the prosumer might feed several units of solar
energy to the grid.

Prior to the enactment of the SoG PPA, the regulator evaluates the FiG rates to be offered to
any potential prosumers joining the scheme based on Eq. (6). Likewise, in this study, the FiG
rates for the two scenarios solar PV modules prices were evaluated by applying the respective
data in Tables 3 and 5 in Eq. (6). Table 10 shows the Rg;; values evaluated by using Eq. (7)
and FiG rates for scenario A and scenario B under the SoG scheme model for the selected
countries in SSA.

Table 10: Ry;; values and FiG rates for scenario A and scenario B under the SoG scheme model

Rpic () FiG Rate (c$/kWh)
Country
Scenario A Scenario B Scenario A Scenario B

Namibia 49097.51 62512.99 9.52 12.12
Kenya 25882.85 32955.12 11.9 15.15
Madagascar 33147.67 42204.99 13.58 17.29
Senegal 41477.10 52810.37 10.06 12.81
Burkina Faso 40592.53 51684.09 9.78 12.45
Cote d’Ivoire 15272.25 19445.27 9.76 12.43
Mali 40284.20 51291.52 11.78 15
Niger 42334.67 53902.26 10.24 13
Togo 23775.49 30271.94 10.66 13.58
Eswatini 22184.85 28246.67 11.67 14.86
Zimbabwe 30213.53 38469.12 15.28 19.45
Rwanda 25659.97 32671.34 12.58 16.02
Cameroon 17146.35 21831.44 11.34 14.44

For all the selected SSA countries, the FiG rate varies in the range of 9.52 — 15.28 ¢$/kWh
and 12.12 — 19.45 c$/kWh for scenario A and scenario B of the SoG scheme, respectively. It
should be noted that the FiG rate is not influenced only by the amount of solar PV energy fed
to the grid. By comparing the amount of energy fed to the grid in Fig. 7 and the FiG rate in
Table 10 for Namibia and Cote d’Ivoire, it is evident that both countries have almost the same
FiG rate under both SoG scheme scenarios yet the prosumer in Namibia feeds in more energy
to the grid than in Cote d’Ivoire. The sensitivity analysis in [13] revealed that the FiG rate is
most sensitive to the variation in the amount of solar PV energy fed to the grid, followed by
the Rp;; value and then the discount rate. An increase in any of the parameters Rg;; and r
increases the FiG rate, while an increase in the amount of solar PV energy fed to the grid
decreases the FiG rate. Thus, the FiG rate of the selected SSA countries mainly relies based
upon these three parameters, with a slight influence from the lending interest rate and
corporate tax rate. Fig. 8 shows the sensitivity analysis of the FiG rate to the variations in the
discount rate, r, energy fed to the grid (represented by E), and investment cost attributed to
the solar energy fed to the grid Rp;; in the range +50% of the parameter value used to
evaluate the FiG rate (baseline) for Namibia in Table 10 for scenario B.
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Fig. 8: Sensitivity Analysis of FiG Rate to Variation in Rg;;, 7 and E for the Case of Namibia under SoG
Scheme Scenario B

As can be noted from Eq. (7) that the Rg;¢ is directly proportional to the percentage of the
solar energy generated that is fed to the grid . Thus, any change in the amount of the solar
energy fed to the grid would directly influence the value of Ry;;. From Fig. 8, it is evident
that for the variations ((0%), E(-50%)) and ((0%), E(+50%)), the FiG rate baseline value is
(12.12 c$/kWh) for both Ry;;(-50%) and Rg;;(+50%). At r(-50%) and r(+50%), all the
variations in E and Rg;; from (-50%) to (+50%) result in a decrease in the FiG rate.

In case the proportionality in Eq. (7) is emphasized during the FiG rate sensitivity analysis,
for the variations (r(-50%), E(-50%)), (r(0%), E(-50%)) and (r(+50%), E(-50%)) for
Rric(+50%), the FiG rate increases in all cases compared to the baseline FiG rate. While for
the variations (1(-50%), E(+50%)), (r(0%), E(+50%)) and ((+50%), E(+50%)) for Rg;s(-
50%), the FiG rate decreases in all cases compared to the baseline FiG rate. Since under these
variations the proportionality in Eq. (7) is violated yet it governs the key parameters used in
Eq. (6) to evaluate the FiG rate, then such variations should be omitted in the analysis.

4.4 SoG Scheme Viability Assessment

Under the SoG scheme model, the FiG rate is constrained by Eq. (8) for the scheme to be
feasible and profitable to both the prosumer and the utility operator. The FiG rate should
always be greater than the LCOE rate but less than the grid sellback rate for the SoG scheme
to be feasible in any country. Fig. 9 shows the feasibility of the SoG scheme model in the
selected countries based on the two scenarios in accordance to the constraint in Eq. (8).
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729 Fig. 9: Feasibility of the SoG Scheme Model Based on the Constraint in in Eq. (8) for the Selected SSA
730 Countries: (a) Scenario A; and (b) Scenario B

731 From Fig. 9 (a), under scenario A of the SoG scheme model, the constraint in Eq. (8) is

732 upheld for industrial prosumers in nine (9) countries, namely, Namibia, Senegal, Burkina
733 Faso, Mali, Niger, Togo, Eswatini, Rwanda and Cameroon and violated for the rest of the
734  countries. From Fig. 9 (b), under scenario A of the SoG scheme model, the constraint in Eq.
735  (8) is upheld for industrial prosumers in only four (4) countries, namely, Namibia, Senegal,
736 Togo and Burkina Faso and violated for the rest of the countries. For both scenarios

737  considered, the SoG scheme model violates the constraint in Eq. (8) for the case of Kenya,
738  Madagascar, Cote d’Ivoire and Zimbabwe. For the case of Cote d’Ivoire, a slight decrease in
739  solar PV module price could guarantee feasibility of the scheme for scenario A. However, for
740  Kenya, Madagascar and Zimbabwe, there is a necessity of improved financial access through
741  soft loans with low lending interest rates in addition to a decrease in solar PV module price
742 for the scheme to be feasible. Generally, most of the SSA countries face a challenge of the
743  banking sector with inadequate capital [26]. Thus, SSA governments should develop local
744  debt capital markets and devise means of strengthening the local banking sector since this
745  sector plays an important role in sustainability and growth of power sector projects.

746  Considering the solar PV energy fed to the grid, the utility operator’s benefits from the sale of
747  this energy were evaluated for both schemes. Under the SoG scheme, the utility is considered
748  to sell the energy at a grid sellback rate, while under the ToU scheme, the utility is considered
749  to sell the energy at the ToU standard rate. The utility benefits were evaluated as the product
750  of the energy selling rate and the amount of energy being sold. Fig. 10 shows the utility

751  benefits recorded from the sale of the solar PV energy fed to the grid by the utility to its

752  customers.
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Fig. 10: Utility Benefits from the Sale of the Solar PV Energy Fed to the Grid by the Prosumer to its Customers
under the ToU and SoG Schemes

From Fig. 10, except for Kenya and Namibia, the utility operators would record more benefits
under the SoG scheme than under the ToU scheme for all the selected countries in this study.
Therefore, the adoption of the SoG scheme could guarantee the utility more benefits in 11 out
of 13 selected SSA countries in this study. The profits analysis of the prosumer and utility
operator under the SoG scheme for the two scenarios was done by using Egs. (9) and (10).
Fig. 11 shows the recorded profits by the prosumer and utility under the SoG scheme for the
two scenarios.
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Fig. 11: Recorded Profits Solar PV Energy Fed to Grid under the SoG Scheme Scenarios: (a) Prosumer; and (b)

Utility

Except for Madagascar and Cote d’Ivoire where the prosumer records losses under both SoG
scheme scenarios, Fig. 11 (a) shows that the prosumer records profits from the solar PV
energy fed to the grid for all the other selected countries under both SoG scheme scenarios.
For both SoG scheme scenarios, Fig. 11 (b) shows that the utility records profits for the case
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of Namibia, Senegal, Burkina Faso and Togo. The utility also records profits for the case of
Cote d’Ivoire, Mali, Niger, Eswatini, Rwanda and Cameroon under the SoG scheme scenario
A and records losses in the same countries under the SoG scheme scenario B. The profits
analysis of both the prosumer and the utility are affected by the WACC value used in the
evaluations under the SoG scheme. Since the WACC reflects investment risks, with an
improved investment environment in SSA countries, the profits recorded by the stakeholders
under the SoG scheme would be positively improved.

In addition to the profits made by selling the surplus generated solar energy to the grid, the
prosumer also records to secondary benefits resulting from a reduction in the annual
electricity purchase costs as shown in Fig. 5. By using the ToU rates in Table 1, the LCOEpy,

values in Table 7, the P]zg:eG values in Table 8 and the total annual solar PV energy Ef v ; as

well as the total annual BESS energy supplied to the load based on the ToU periods in Eq.
(11), the prosumer’s secondary benefits were evaluated for each of the selected SSA
countries. Fig. 12 shows the prosumer secondary benefits under the SoG scheme scenarios for
the selected SSA countries.
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Fig. 12: Prosumer Secondary Benefits under the SoG Scheme for the Selected SSA Countries

Fig. 12 reveals that under the SoG scheme, some prosumers in some countries would record
the secondary benefits resulting from a reduction in the annual electricity costs, while in other
countries the prosumers would incur more annual electricity costs. Under the SoG scheme
scenario A, a prosumer in Namibia, Senegal, Burkina Faso, Mali, Niger, Togo, Rwanda and
Cameroon would record the secondary benefits, while a prosumer in Kenya, Madagascar,
Cote d’Ivoire, Eswatini and Zimbabwe would incur the secondary costs given that the ToU
rate in these countries are very low. Under the SoG scheme scenario B, a prosumer in
Namibia, Senegal, Burkina Fano, Mali and Togo would record the secondary benefits, while
in the rest of the selected countries the prosumer would incur the secondary costs given that
the ToU rate in these countries are very low.

The electricity tariffs in most of the SSA countries do not reflect the cost of electricity
services due to under-pricing of the electricity because of government subsidies [22]. For
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instance, in Madagascar, the government allocated a reasonable share of the discretionary
spending to unaffordable and poorly targeted fuel subsidies that were estimated at about 4.1%
of GDP in 2017 [50]. Also, Zimbabwe provides low-cost electricity to Zimbabweans
compared to the economic cost of electricity service provision because of heavily subsidised
rates. This has severe financial consequences on the Zimbabwean utilities given that the
government does not compensate the utilities for these subsidised prices [51]. Generally, due
to the reliance on imported fossil fuels, most SSA countries provide fossil fuel subsidies and
likewise offer subsidies to utilities to cover for the financial losses incurred [52]. Phasing out
of the fossil fuel subsidies can reduce the fiscal imbalance and budgetary pressure mounted on
the governments in SSA countries. This could result in the creation of the necessary fiscal
space to support sustainable clean energy development and eliminate perverse incentives that
foster carbon emissions. Therefore, with the phasing out of fossil fuel subsidies, the market
electricity tariffs (ToU rates) would reflect the unit cost of electricity generation. In such
circumstances the adoption of the SoG scheme would be feasible for all the involved
stakeholders in countries where fossil fuel subsidies are currently in place.

4.5 Government Revenue Evaluation

Under the SoG scheme, the government offers tax incentives to the prosumers as a deduction
of what would have been collected. After deducting the incentives, the government tax
collection from the energy transaction between the prosumer and the utility from the surplus
solar energy fed to the grid was evaluated by using Eq. (12) for all the selected countries
considering the two SoG scheme scenarios. Fig. 13 shows the recorded government tax
collection per unit of the solar PV energy fed to the grid by the prosumer under the SoG
scheme scenarios.
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Fig. 13: Government Tax Collection from Solar PV Energy Fed to the Grid by a Prosumer under the SoG
Scheme Scenarios

Of all the selected countries, Fig. 13 reveals that the government tax collection would be
lowest in Cote d’Ivoire and highest in Mali for both SoG scheme scenarios. The government
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tax collection is in the range of 1.95 — 3.38 and 2.48 — 4.31 ¢$/kWh for scenario A and
scenario B, respectively, for the selected SSA countries. Considering the government tax
collection in Fig. 13 and the store-on grid rate Pfse"eG as well as the LCOS of the BESS in Table

8, the sum of government tax collection and store-on grid rate is less than the LCOS of the
BESS for all the selected countries. Thus, this indicates that the government might not be able
to directly recover its costs incurring in facilitating the installation of the BESS under the SoG
scheme. However, it should be noted that because of power outages, SSA countries lose about
2.1% of the GDP, and the total sales of the African firms fall by 4.9% compared to when the
electricity supply is dependable [20]. Thus, although the governments might not necessarily
recover their expenses on the BESS directly under the SoG scheme, the firms’ sales are
stabilized which in return generate more revenue for the governments as well as foster the
GDP growth.

5 Conclusion and future works

In this study, the SoG scheme model for community-shared energy business initiatives was
applied across 13 selected SSA countries to investigate its viability as an energy business
model to foster the adoption of rooftop solar PV technology in the industrial sector. The SoG
scheme was applied based on two scenarios of solar PV module prices. Using the specific
data of the selected SSA countries applicable to the SoG scheme as well as their ToU schemes
for the industrial sector end-user tariff structure, the viability of the SoG scheme was

assessed. The results of the SoG scheme were compared with the results of the ToU scheme,
and the following are the key finding of the study:

e Under scenario A, the SoG scheme is viable in nine out of 13 selected SSA countries,
namely, Namibia, Senegal, Burkina Faso, Mali, Niger, Togo, Eswatini, Rwanda and
Cameroon, mainly because these countries have a relatively lower LCOE of solar PV
systems in comparison to their ToU rates for electricity. On the other hand, under
scenario B, the SoG scheme is only viable in four countries, namely, Namibia,
Senegal, Togo and Burkina Faso. Given that the LCOE is dependent on the solar PV
module prices, thus, under scenario B for which the module price is higher than that of
scenario A, the LCOE of solar PV systems becomes relatively higher than the
respective country’s ToU rates for electricity. Hence, in some countries such as Mali,
Niger, Eswatini, Rwanda, and Cameroon, where the SoG scheme was viable under
scenario A, the scheme ends up becoming inviable under scenario B.

e For both SoG scheme scenarios considered in this study, the scheme constraint in Eq.
(8) is violated for the case of Kenya, Madagascar, Cote d’Ivoire and Zimbabwe. For
the case of Cote d’Ivoire, a slight decrease in the solar PV module price could
guarantee feasibility of the scheme. However, for Kenya, Madagascar and Zimbabwe,
there is a necessity of improved financial access through soft loans with low lending
interest rates in addition to a decrease in solar PV module price. As mentioned in the
competitive strategy block in Fig. 3, incorporation of soft loan with lower interest rates
could make the SoG scheme viable in most of the developing countries. Thus, the
policy makers should devise means of establishing soft loans with low lending interest
rate dedicated to fostering the deployment of solar PV technology.

e Some of the SSA countries, the ToU rates do not reflect the unit cost of energy
generation because of the existent government subsidies. Thus, the comparison of the
ToU rates and SoG scheme remains tricky in such circumstances where there are
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subsidies on the conventional energy technologies. Therefore, the policy makers in the
developing countries could revise the existent government subsidies on the fossil fuel-
based electricity generation and direct them toward the deployment of solar PV
technology.

¢ On average, 26.83% of the generated solar PV energy is fed into the grid annually.
The least share of the annual energy fed into the grid is 15.65% for the case of a solar
PV system in Cote d’Ivoire, while the highest share of the annual energy fed into the
grid is 39.25% for the case of a solar PV system in Namibia. Generally, most of the
generated solar PV energy is self-consumed by the prosumers under the SoG scheme,
guaranteeing some level of energy security to the prosumers. Thus, the deployment of
the distributed energy generating systems under the SoG scheme could be crucial in
mitigating the persistent power outage challenges in the SSA countries that greatly
affect the firms’ sales and the countries” GDP.

e Opverall, the SoG scheme model exhibits greater potential as a billing scheme for an
energy business model to foster rooftop solar PV technology adoption in developing
countries. Therefore, developing countries that previously had the FiT scheme struggle
and fail to achieve set targets could adopt the SoG scheme. Challenges such as
unattractive low rates that were offered under the FiT scheme in the developing
countries are addressed under the SoG scheme through the governing constraint of the
scheme in Eq. (8). The SoG scheme constraint ensures that the feed-in rate is always
slightly higher than the LCOE for solar PV systems, but lower than the utility retail
rate under the SoG scheme.

In this study, only the industrial sector electricity customers were considered. In the future,
the investigation should be extended to the residential and commercial sectors to examine the
viability of the SoG scheme as an energy billing scheme for energy business initiatives for
fostering rooftop solar PV technology adoption in developing countries. Also, the study
should be extended to other developing countries in other continents to examine the suitability
and appropriateness of the SoG scheme model in those places.

Acknowledgments

The authors acknowledge the financial support provided by the Ministry of Foreign Affairs
and Trade, New Zealand in the form of a scholarship for Doctoral Degree to conduct this
research.

References

[1] M. Alsabbagh, "Public perception toward residential solar panels in Bahrain," Energy
Reports, vol. 5, pp. 253-261, 2019.

[2] IEA. (2019). SDG7: Data and Projections. Available:
https://www.iea.org/reports/sdg7-data-and-projections

[3] UNEP, "Atlas of Africa Energy Resources," United Nations Environment Programme,
Nairobi, Kenya, 2017.

[4] The World Bank, "Tracking SDG 7: The Energy Progress Report 2020," The World
Bank, Washington DC, 2020.

[5] P. Milanés-Montero, A. Arroyo-Farrona, and E. Pérez-Calder6n, "Assessment of the
Influence of Feed-In Tariffs on the Profitability of European Photovoltaic
Companies," Sustainability, vol. 10, no. 10, p. 3427, 2018.

31


https://www.iea.org/reports/sdg7-data-and-projections

917
918
919
920
921
922
923
924
925
926
927
928
929
930
931
932
933
934
935
936
937
938
939
940
941
942
943
944
945
946
947
948
949
950
951
952
953
954
955
956
957
958
959
960
961
962
963
964
965
966

[6]
[7]

[8]
[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]
[18]

[19]

[20]

[21]

[22]

[23]

[24]

IEA, "Trends 2013 In Photovoltaic Applications," International Energy Agency, Paris,
France, 2013.

D. Yuliani, "Is feed-in-tariff policy effective for increasing deployment of renewable
energy in Indonesia?," The Political Economy of Clean Energy Transitions, p. 144,
2016.

M. Meyer-Renschhausen, "Evaluation of feed-in tariff-schemes in African countries,"
Journal of Energy in Southern Africa, vol. 24, no. 1, pp. 56-66, 2013.

C. L. Azimoh, O. Dzobo, and C. Mbohwa, "Investigation of net metering as a tool for
increasing electricity access in developing countries," in 2017 IEEE Electrical Power
and Energy Conference (EPEC), 2017, pp. 1-6.

I. Koumparou, G. C. Christoforidis, V. Efthymiou, G. K. Papagiannis, and G. E.
Georghiou, "Configuring residential PV net-metering policies — A focus on the
Mediterranean region," Renewable Energy, vol. 113, pp. 795-812, 2017.
BloombergNEF, "Solar for Businesses in Sub-Saharan Africa," BloombergNEF,
London, England, 2019.

N. Mukisa, R. Zamora, and T. Tjing Lie, "Store-on grid scheme model for grid-tied
solar photovoltaic systems for industrial sector application: Costs analysis,"
Sustainable Energy Technologies and Assessments, vol. 41, p. 100797, 2020.

N. Mukisa, R. Zamora, and T. Tjing Lie, "Store-on grid scheme model for grid-tied
solar photovoltaic systems for industrial sector application: Benefits analysis,"
Renewable Energy, vol. 171, pp. 1257-1275, 2021.

A. Cartwright, "Better growth, better cities: Rethinking and redirecting urbanisation in
Africa," The New Climate Economy Working, Washington DC, 2015.

N. Avila, J. P. Carvallo, B. Shaw, and D. M. Kammen, "The energy challenge in sub-
Saharan Africa: A guide for advocates and policy makers," in "Part 1: Generating
Energy for Sustainable and Equitable Development," Oxfam Research Backgrounder
Series, 2017.

A. Castellano, A. Kendall, M. Nikomarov, and T. Swemmer, "Brighter Africa: The
growth potential of the sub-Saharan electricity sector," McKinsey & Company,
Johannesburg, South Africa, 2015.

M. P. Blimpo and M. Cosgrove-Davies, "Electricity Access in Sub-Saharan Africa,"
The World Bank, washington DC, 2019.

ERERA, "Comparative Analysis of Electricity Tariffs in ECOWAS Member
Countries," ACOWAS Regional Elctricity Regulatory Authority, Accra, Ghana, 2019.
D. Farquharson, P. Jaramillo, and C. Samaras, "Sustainability implications of
electricity outages in sub-Saharan Africa," Nature Sustainability, vol. 1, no. 10, pp.
589-597, 2018.

M. A. Cole, R. J. R. Elliott, G. Occhiali, and E. Strobl, "Power outages and firm
performance in Sub-Saharan Africa," Journal of Development Economics, vol. 134,
pp. 150-159, 2018.

BloombergNEF, "Sub-Saharan Africa Market Outlook 2020," BloombergNEF,
London, England, 2020.

C. Trimble, M. Kojima, 1. P. Arroyo, and F. Mohammadzadeh, "Financial Viability of
Electricity Sectors in Sub-Saharan Africa: Quasi-Fiscal Deficits and Hidden Costs,"
Energy and Extractives Global Practice Group, World Bank, Washington DC, 2016.
V. Foster and A. Rana, "Rethinking Power Sector Reform in the Developing World,"
in "Sustainable Infrastructure," World Bank, Washington DC, 2020.

B. Sweerts, F. D. Longa, and B. van der Zwaan, "Financial de-risking to unlock
Africa's renewable energy potential," Renewable and Sustainable Energy Reviews,
vol. 102, pp. 75-82, 2019.

32



967
968
969
970
971
972
973
974
975
976
977
978
979
980
981
982
983
984
985
986
987
988
989
990
991
992
993
994
995
996
997
998
999
1000
1001
1002
1003
1004
1005
1006
1007
1008
1009
1010
1011
1012
1013
1014
1015
1016

[25]

[26]
[27]

[28]

[29]
[30]

[31]

[32]
[33]

[34]

[35]

[36]

[37]

[38]
[39]
[40]
[41]
[42]
[43]
[44]
[45]

[46]

A. Eberhard, K. Gratwick, E. Morella, and P. Antmann, "Independent Power Projects
in Sub-Saharan Africa: Investment trends and policy lessons," Energy Policy, vol.
108, pp. 390-424, 2017.

A. Eberhard, K. Gratwick, E. Morella, and P. Antmann, "Accelerating investments in
power in sub-Saharan Africa," Nature Energy, vol. 2, no. 2, p. 17005, 2017.

KPMGQG, "Africa Incentive Survey 2016: Africa is Open for Business," KPMG
International Cooperative, South Africa2016.

K. Brown. (2020). Better Utilities: Cutting Losses and Upping Efficiency in Africa.
Available:
https://www.ifc.org/wps/wem/connect/news_ext_content/ifc_external corporate_site/
news+and+events/news/better _utilities

Frontier Economics, "Retail Tariff Model: A Report Prepared for the AEMC "
Frontier Economics Pty. Ltd, Australia, 2012.

M. Kojima and J. J. Han, "Electricity Tariffs for Nonresidential Customers in Sub-
Saharan Africa," World Bank Group, Washington DC, 2017.

D. A. Quansah, M. S. Adaramola, and L. D. Mensah, "Solar photovoltaics in sub-
Saharan Africa—addressing barriers, unlocking potential," Energy Procedia, vol. 106,
pp. 97-110, 2016.

D. Jacobs et al., "Analysis of renewable energy incentives in the Latin America and
Caribbean region: The feed-in tariff case," Energy Policy, vol. 60, pp. 601-610, 2013.
A. G. Viana and D. S. Ramos, "Outcomes from the first large-scale solar PV auction
in Brazil," Renewable and Sustainable Energy Reviews, vol. 91, pp. 219-228, 2018.
B. Pillot, M. Muselli, P. Poggi, and J. B. Dias, "On the impact of the global energy
policy framework on the development and sustainability of renewable power systems
in Sub-Saharan Africa: the case of solar PV," arXiv preprint arXiv:1704.01480, 2017.
A. K. Shukla, K. Sudhakar, P. Baredar, and R. Mamat, "Solar PV and BIPV system:
Barrier, challenges and policy recommendation in India," Renewable and Sustainable
Energy Reviews, vol. 82, pp. 3314-3322, 2018.

T. M. Qureshi, K. Ullah, and M. J. Arentsen, "Factors responsible for solar PV
adoption at household level: A case of Lahore, Pakistan," Renewable and Sustainable
Energy Reviews, vol. 78, pp. 754-763, 2017.

H. de Faria, F. B. M. Trigoso, and J. A. M. Cavalcanti, "Review of distributed
generation with photovoltaic grid connected systems in Brazil: Challenges and
prospects," Renewable and Sustainable Energy Reviews, vol. 75, pp. 469-475, 2017.
ECB. (2020). Schedule of Approved Tariffs 2020 - 2021: City of Windhoek. Available:
https://www.ecb.org.na/index.php/electricity/economic-regulation/tariffs

EPRA. (2018). Applicable Electricity Tariffs June 2018. Available:
https://www.epra.eo.ke/downloads/

ORE. (2018). Tariffs. Available: http://www.ore.mg/DonneesTechniques/Tarifs.html
Senelec. (2018). Pricing. Available: http://www.senelec.sn/tarification/

EEC. (2020). SEC Tariff Structure Schedule 2018/19. Available:
http://www.eec.co.sz/myaccount/tariffs/index.php

Get.invest. (2019). Market Information. Available: https://www.get-invest.eu/market-
information

A. Damodaran. (2020). Country Default Spreads and Risk Premiums. Available:
http://www.stern.nyu.edu/~adamodar/pc/datasets/ctrypremApr20.xlsx

A. Damodaran. (2020). Corporate Marginal Tax Rates - By country. Available:
http://www.stern.nyu.edu/~adamodar/pc/datasets/countrytaxrates.xls

AfDB, "African fixed income and Derivatives Guidebook," African Development
Bank, Tunis, Tunisia, 2010.

33


https://www.ifc.org/wps/wcm/connect/news_ext_content/ifc_external_corporate_site/news+and+events/news/better_utilities
https://www.ifc.org/wps/wcm/connect/news_ext_content/ifc_external_corporate_site/news+and+events/news/better_utilities
https://www.ecb.org.na/index.php/electricity/economic-regulation/tariffs
https://www.epra.go.ke/downloads/
http://www.ore.mg/DonneesTechniques/Tarifs.html
http://www.senelec.sn/tarification/
http://www.eec.co.sz/myaccount/tariffs/index.php
https://www.get-invest.eu/market-information
https://www.get-invest.eu/market-information
http://www.stern.nyu.edu/%7Eadamodar/pc/datasets/ctrypremApr20.xlsx
http://www.stern.nyu.edu/%7Eadamodar/pc/datasets/countrytaxrates.xls

1017
1018
1019
1020
1021
1022
1023
1024
1025
1026
1027
1028
1029
1030
1031
1032
1033

1034

[47]

[48]

[49]

[50]

[51]

[52]

W. Bank. (2020). Real interest rate (%) - Sub-Saharan Africa (excluding high
income). Available:

https://data.worldbank.org/indicator/FR.INR.RINR ?end=2016&locations=ZF &start=2
016&view=map

N. Mukisa, R. Zamora, and T. T. Lie, "Feasibility assessment of grid-tied rooftop solar
photovoltaic systems for industrial sector application in Uganda," Sustainable Energy
Technologies and Assessments, vol. 32, pp. 83-91, 2019.

SolarGis. (2020). Solar resource maps and GIS data for 200+ countries. Available:
https://solargis.com/maps-and-gis-data/download

The World Bank, "Madagascar - Least-Cost Electricity Access Development Project:
Combined Project Information Documents / Integrated Safeguards Datasheet
(PID/ISDS)," The World Bank, Washington DC, 2018.

AfDB, "Zimbabwe Infrastruture Report 2019," African Development Bank, Tunis,
2019.

S. Whitley and L. Van der Burg, "Fossil Fuel Subsidy Reform in Sub-Saharan Africa:
From Rhetoric to Reality," New Climate Economy, London and Washington, DC,
2015.

34


https://data.worldbank.org/indicator/FR.INR.RINR?end=2016&locations=ZF&start=2016&view=map
https://data.worldbank.org/indicator/FR.INR.RINR?end=2016&locations=ZF&start=2016&view=map
https://solargis.com/maps-and-gis-data/download

