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Abstract 6 

The viability of the store-on grid (SoG) scheme model across 13 selected Sub-Saharan 7 
African (SSA) countries was investigated. The individual country’s datasets applicable to the 8 
SoG scheme and a typical industrial building as a baseline prosumer were used in the 9 
evaluation. Two SoG scheme scenarios (A and B) based on solar photovoltaic (PV) module 10 
prices were used in this analysis. The electricity tariffs under the SoG scheme were compared 11 
with the time of use rates for the selected SSA countries. The analysis results revealed that the 12 
scheme could be viable in only nine and four out of 13 countries under scenario A and 13 
scenario B, respectively, with high lending interest rate in some countries being the key 14 
hindrance. Under the SoG scheme model, solar PV systems in all the selected countries could 15 
feed about 15.65 – 39.25% of the generated energy to the grid. The government tax in the 16 
range of 1.95 – 3.38 and 2.48 – 4.31 c$/kWh could be collected from the energy fed to the 17 
grid under SoG scheme scenario A and scenario B, respectively. Overall, the SoG scheme 18 
exhibits greater potential as an energy business model to foster rooftop solar PV technology 19 
adoption in developing countries. 20 

Keywords – Store-on grid scheme; Prosumer annual energy costs; Solar PV energy fed 21 
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Nomenclature 33 

BESS Battery Energy Storage System  𝐹𝐹𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺  Utility’s profits under the SoG scheme 
EE Energy Efficiency  𝐹𝐹𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆  Prosumer’s profits under the SoG scheme 
FiT Feed in Tariff  𝐼𝐼𝑡𝑡 Annuitized investment cost for solar PV system 

GDP Gross Domestic Product  𝑀𝑀𝑡𝑡 
Annual operation and maintenance cost for the solar 
PV system 

GET-FiT Global Energy Transfer Feed in Tariff  𝑃𝑃𝐹𝐹𝐹𝐹𝐹𝐹𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 FiG rate 
GST General and Service Tax  𝑃𝑃𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 Grid sellback rate 
IPP Independent Power Producer  𝑝𝑝𝑜𝑜 Off-peak rate under the ToU scheme 
IRR Internal Rate of Return  𝑝𝑝𝑝𝑝 Peak rates under the ToU scheme 
LCOE Levelized Cost of Energy  𝑝𝑝𝑠𝑠 Standard rate under the ToU scheme 
𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑃𝑃𝑃𝑃 Levelized cost energy for solar PV system  𝑃𝑃𝑓𝑓𝑓𝑓𝑓𝑓𝑆𝑆𝑆𝑆𝑆𝑆 Store-on grid rate 

LCOS Levelized Cost of Storage  𝑅𝑅𝐹𝐹𝐹𝐹𝐹𝐹 Solar PV system investment cost attributed to the 
solar energy fed to the grid 

PPA Power Purchase Agreement  TGov Government tax revenue 
PV Photovoltaic  𝑛𝑛𝐼𝐼𝐼𝐼𝐼𝐼 Inverters’ replacement year 
RE-FiT Renewable Energy Feed in Tariff  𝑟𝑟𝑙𝑙 Loan interest rate 
SDG Sustainable Development Goal  ∂ Depreciation allowance 
SoG Store-on Grid  𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 Capital expenditure 
SSA Sub-Saharan Africa  𝐷𝐷 Debt share of investment cost 
ToU Time of Use  𝐸𝐸 Equity share of investment cost 
VAT Value Added Tax  𝐾𝐾 Allowed period for start-up allowance 
WACC Weighted Average Cost of Capital  𝑀𝑀 Debt maturity period 

∅𝐼𝐼𝐼𝐼𝐼𝐼 Percentage of the investment cost that 
accounts for inverters’ replacement 

 𝑁𝑁 SoG contracted period 

∅𝑂𝑂𝑂𝑂 
Percentage of the investment cost that 
accounts for the operation and maintenance 
of the system 

 
𝑅𝑅 Solar PV system investment cost 

At Annual operating cost of BESS  𝑟𝑟 Discount rate 

𝐵𝐵𝑃𝑃𝑃𝑃𝑃𝑃𝑆𝑆𝑆𝑆𝑆𝑆  Prosumer secondary benefits under the SoG 
scheme 

 𝛼𝛼 Start-up allowance 

𝐶𝐶𝐶𝐶2 Carbon dioxide  𝛽𝛽 Building use allowance 
𝐶𝐶𝐷𝐷 Cost of debt  𝛾𝛾 Annual degradation rate of the solar PV system 

𝐶𝐶𝐸𝐸 Cost of equity 
 

𝛿𝛿 Ratio of standard rate to peak rate of the ToU scheme 
model 

𝐸𝐸𝐹𝐹𝐹𝐹𝐹𝐹𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 
Energy generated by the solar PV system fed 
to the grid 

 𝜂𝜂 Percentage of the solar energy generated that is fed to 
the grid 

𝐸𝐸𝑜𝑜𝑜𝑜𝑜𝑜𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 Annual energy output from the BESS  𝜃𝜃 Equity share of the investment cost 

𝐸𝐸𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙,𝑝𝑝
𝑆𝑆𝑆𝑆𝑆𝑆  BESS energy supplied to the load during 

peak period 
 𝜌𝜌 Degression rate of the FiG rate 

𝐸𝐸𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙,𝑠𝑠
𝑆𝑆𝑆𝑆𝑆𝑆  BESS energy supplied to the load during 

shoulder period 
 𝜎𝜎 Initial allowance 

𝐸𝐸𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙,𝑜𝑜
𝑆𝑆𝑆𝑆𝑆𝑆  BESS energy supplied to the load during 

off-peak period 
 𝜏𝜏 Corporate tax 

𝐸𝐸𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑃𝑃𝑃𝑃  Solar PV energy supplied directly to the load   𝜑𝜑 Non-linearity coefficient  

𝐸𝐸𝑃𝑃𝑃𝑃   Annual energy generated by the solar PV 
system 

 
𝜓𝜓 

Percentage of the solar PV energy stored on the 
BESS that is charged a fee by the grid based on the 
SoG scheme PPA 

1 Introduction 34 

Access to reliable, clean and affordable energy by all citizens is currently a target for all 35 
countries globally. Energy is universally cherished and is addressed in Goal 7 of the 17 36 
United Nations Sustainable Development Goals (SDGs) for 2030. This goal focuses on three 37 
main aspects of energy, namely, access to electricity, penetration of renewable energies, and 38 
energy efficiency (EE) [1]. Currently, most of the developing countries are devising means of 39 
electrifying their communities by using their available distributed renewable energy 40 
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resources. In 2018, the sub-Saharan Africa (SSA) region had an electrification rate of about 41 
45% with about 600 million people having no access to electricity [2]. Nonetheless, SSA is 42 
richly endowed with abundance of a wide range of unexploited renewable energy resources 43 
[3]. For developing countries to overcome the challenge of electricity access, concerted 44 
efforts are required [4]. Suitable concerted efforts include, among others, policy frameworks 45 
that should consistently be updated and support innovations such as off-grid solutions and 46 
newer energy business models [4]. 47 

Of the existent energy business models, feed in tariff (FiT) and net-metering policies have 48 
been widely utilized to foster the implementation of renewable energy technologies globally. 49 
The FiT policy implementation recorded success in European countries such as Germany, 50 
Portugal and Italy as well as some states in the United States in the past decades [5, 6]. 51 
However, the policy has encountered challenges making it struggle and/or fail in most of the 52 
developing countries [7-9]. On the other hand, the net-metering policy is widely adopted in 53 
the United States and some member countries of the European Union [10], but is still ignored 54 
by most governments in the developing countries [9]. Energy business mechanisms such as 55 
FiT or net metering policies for solar photovoltaic (PV) technology are currently not available 56 
in SSA countries. The absence of such energy business regimes has pushed developers of 57 
solar PV systems to design projects in a way that the entire solar PV energy output is 58 
consumed by the project host because the excess energy generated cannot be sold [11]. Unlike 59 
in many developed countries, rooftop owners in SSA countries cannot earn any money by 60 
installing solar PV systems and selling power to the grid [11].  61 

A novel business model referred to as the store-on grid (SoG) scheme model was proposed in 62 
[12, 13], and its applicability for the case of rooftop solar PV systems in Uganda was 63 
investigated. The SoG scheme model is a novel energy billing scheme for energy businesses, 64 
particularly the community-shared energy business initiatives. The SoG scheme’s main 65 
emphasis is to maximize self-consumption of the generated energy. Thus, the scheme 66 
proposes the use of the battery energy storage system (BESS) which is facilitated by the 67 
government to maximize energy self-consumption amongst the participating prosumers before 68 
feeding into the grid. The SoG scheme constitutes of three key stakeholder categories, 69 
namely, government, utility and prosumers. Under the SoG scheme, several prosumers with 70 
different solar PV capacities are contracted by a single power purchase agreement (PPA). In 71 
study [12], the upper limit for the total solar PV capacity under a single SoG PPA was set at 5 72 
MW, which was evaluated to require 3.9 MWh of BESS. The total solar PV capacity under a 73 
single PPA must be less or equal to the set upper limit capacity of the SoG scheme by the 74 
regulators. Individual prosumers under the SoG scheme facilitate the acquisition and 75 
maintenance of their solar PV systems, while the government facilitates the BESS, and the 76 
utility buys the surplus generated energy [12]. To investigate the prosumer costs and benefits 77 
under the SoG scheme, a typical prosumer with a 153.6 kWp solar PV was singled out of all 78 

the participating prosumers of a single SoG PPA and analysed in [12, 13]. 79 

The SoG scheme proposes a micro-grid system with the BESS that is implemented amongst 80 
the participating prosumers under a single PPA to enable energy exchange amongst them and 81 
the utility [12]. Fig. 1 shows the schematic layout of the SoG scheme micro-grid implemented 82 
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amongst the participating prosumers of the scheme under a single PPA, where WB, DB, and 83 
IB stand for the warehouse building, distribution building, and industrial building in an 84 
industrial park [12]. The number of participating prosumers under a single SoG scheme PPA 85 
varies depending on the set upper limit capacity and their available rooftop area suitable for 86 
solar PV installation. In Section 3, Fig. 3 shows the SoG scheme model canvas with the high-87 
level strategic details appropriate for the success of an energy business initiative. Further 88 
descriptions about the SoG scheme model are detailed in [12, 13]. 89 
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 90 
Fig. 1: Schematic Layout of the SoG Scheme Model Micro-Grid System 91 

Considering an individual prosumer under a single the SoG scheme PPA for the case of 92 
Uganda, the results revealed that the scheme was cost effective for the prosumer by recording 93 
a reduction in the annual electricity purchase costs of about 12.5% as well as feeding about 94 
20% of the generated solar PV energy into the grid [12]. The results of the benefits analysis of 95 
the SoG scheme for the solar energy fed into the grid revealed that the prosumer would 96 
annually profit $ 389.46, while the utility would annually profit $ 304.27 under the SoG 97 
scheme model compared to $ 170.39 under the time of use (ToU) scheme model [13].  98 

The SoG scheme results based on the case of Uganda are promising. However, as 99 
recommended by the authors, the scheme should be extended to other developing countries to 100 
investigate its suitability [13]. Thus, in this study, the suitability of the SoG scheme model 101 
across selected countries in SSA is examined. To investigate the scheme’s suitability, scheme 102 
parameters of the selected countries, such as solar irradiance, lending interest rate, ToU rates 103 
and share of the solar PV energy fed to the grid, were considered. In this study, the SoG 104 
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scheme model was investigated for suitability in 13 SSA countries, namely, Namibia, Kenya, 105 
Madagascar, Mali, Niger, Cote d’Ivoire, Senegal, Togo, Cameroon, Eswatini (formerly 106 
known as Swaziland), Zimbabwe, Rwanda and Burkina Faso. 107 

The rest of this paper is organized as follows: Section 2 discusses the literature review, 108 
Section 3 explains the study methodology, while Section 4 presents the results and provides 109 
the discussions of the results, and Section 5 concludes the study and recommends some future 110 
works of the study. 111 

2 Literature Review 112 

2.1 Electricity Status in Sub Saharan Africa 113 

Africa as a continent is endowed with a vast energy generation potential ranging from 114 
conventional to renewable energy sources. Overall, the continent has a total solar potential of 115 
about 10,000 GW, with a technical potential of solar PV energy estimated at about 6,500 116 
TWh a year and high wind potential of about 109 GW, mostly in the coastal countries of the 117 
continent [14-16]. Also, the continent’s East Africa Rift Valley offers an estimated 118 
geothermal potential of about 15 GW, mainly in Kenya and Ethiopia [15, 16]. Furthermore, 119 
the continent has an estimated hydropower potential of about 350 GW, attributed mainly to 120 
the Congo and the Nile rivers that are among the world’s longest rivers [15]. For the 121 
conventional energy resources, Africa has an estimated natural gas and oil potential of about 122 
400 GW as well as an estimated coal potential of about 300 GW [15, 16]. However, the 123 
continent’s SSA region is characterized by low electricity access, reportedly the least 124 
electrified part of the world [17].  125 

Although low electricity access is often used as a proxy for the electricity deficit in SSA, the 126 
challenges go far beyond the access shortfall. The current state of the electricity sector in most 127 
SSA countries is also characterized by limited consumption, pervasive reliability challenges, 128 
prohibitive prices, and financial distress of the utilities [17]. The reliability of electricity 129 
supply is a major constraint in SSA [17]. Although their extent varies significantly from one 130 
country to another, grid power outages are common across most of the SSA countries [11]. In 131 
2018, countries such as Nigeria and Niger were reported to have had the highest average 132 
frequency of interruptions of 304 and 289 interruptions per customer, respectively [18]. 133 
Likewise, Nigeria and Guinea recorded the longest average duration of interruptions of 742 134 
and 238 hours of interruption per customer, respectively, of all the West African countries in 135 
2018 [18]. The frequency of power outages in SSA is due to insufficient generation capacities 136 
and/or poor transmission and distribution infrastructure [19]. These outages significantly 137 
impact the gross domestic product (GDP) and the firms’ sales in SSA, especially for the firms 138 
without backup power sources [17, 20]. The overall cost of power disruption across SSA is 139 
estimated at about 2.1% of the GDP, while the total sales of the African firms is estimated at 140 
4.9% lower than they would be if electricity supply was dependable [20].  141 

During power outage moments, commercial and industrial grid customers have to either incur 142 
the high opportunity cost of lost sales and/or manufacturing output, or resort to the costly 143 
backup power from diesel generators [11, 19]. Reliance on the backup diesel generators is 144 
characterized by increased fossil fuel energy consumption as well as increased air pollution 145 
emissions. In most of the SSA countries, the cost of generating power by the backup diesel 146 
generators is costlier than the cost of the grid electricity [19]. For the moments of power 147 
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outage, many facilities in the SSA region usually operate diesel generators at a cost in the 148 
range of 28.0 – 32.0 c$/kWh [11]. To curtail the energy costs incurred by relying on diesel 149 
generators during the grid power outages, commercial and industrial sectors are transitioning 150 
to rooftop solar PV systems that are cheaper. By 2019, about 74 MW of rooftop solar PV 151 
capacity had been installed by commercial and industrial sectors across SSA (excluding South 152 
Africa) [11, 21]. Although the market is still small, it has a great growth potential backed by 153 
the high solar energy resource across SSA countries [21]. If the SSA region aggressively 154 
adopts renewable energies to about 35% increment in installed capacity by 2040, it would 155 
obtain a 27% reduction in the 𝐶𝐶𝐶𝐶2 emissions from energy generation. However, this 156 
additional installation of renewable energy technologies would necessitate about 31% 157 
increment in capital spending or about $153 billion [16].  158 

A world bank investigation on financial viability of the electricity sector in SSA revealed that 159 
electricity generation costs differ across the SSA countries. The average unit cost was 160 
reported to range from as low as 8 c$/kWh in Zambia to more than 60 c$/kWh in Liberia and 161 
Comoros [22]. The weighted average and median unit cost of electricity in SSA were 14 162 
c$/kWh and 21 c$/kWh, respectively [22]. Liberia was reported to have the highest average 163 
electricity tariff at 50 c$/kWh, while Ethiopia and Sudan have the lowest average electricity 164 
tariff at 4 c$/kWh [22]. By comparing the costs incurred on electricity generation investment 165 
and maintenance with the cash collected from electricity sells, only Uganda and Seychelles 166 
were able to recover the total cost of service of all the SSA countries [22]. On the other hand, 167 
in about 19 countries, the cash collected could only cover operating expenditure [22].  168 

Due to the high upfront investment costs, the solar PV technology uptake in SSA is hindered 169 
by financial constrains mainly arising from the absence of the financial sector involvement in 170 
the solar PV market [11, 21]. Because of the financial constraints, most of the investment in 171 
electricity projects in SSA is financed by foreign sources with minimal involvement of 172 
domestic sources. Over three-quarters of private sector investment in electricity projects in 173 
SSA is from foreign or mixed domestic and foreign sources [23]. The investment cost 174 
requirement for electricity projects usually consists of a mix of debt and equity. In SSA, debt 175 
often takes up a sizeable share of the project’s investment cost and is commonly issued by 176 
banks, while equity constitutes the remainder and is often provided by the private investors or 177 
companies [24]. Equity is typically characterized by higher required returns than debt, and the 178 
high upfront investment cost of renewable energy projects make them sensitive to the 179 
variations in the required returns [24]. The weighted average cost of capital (WACC) is a 180 
measure used to express the average financing cost of a project. The levelized cost of energy 181 
(LCOE) for renewable energy projects is more sensitive to changes in the WACC than the 182 
LCOE for fossil fuel projects [24]. Thus, as the WACC value increases due to the debt and 183 
equity costs, the overall LCOE for a renewable energy project increases [24]. For solar PV 184 
energy projects across SSA, the WACC values are reported in the range of 8.0 – 32.0 % [24], 185 
while the LCOE values are reported in the range of 6.0 – 21.0 c$/kWh [11].  186 

2.2 Electricity Market and End-user Tariff Structures 187 

A variety of electricity market structures exist in SSA ranging from vertically integrated to 188 
fully structurally separated models [25]. Over the years, these structures have evolved to 189 
permit independent power producers (IPPs) access to the power networks in all cases, that is, 190 
generation, transmission and distribution [18, 26]. Although most of the countries still have 191 
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vertically integrated structural utilities, there is an ongoing restructuring of the utilities 192 
towards structural separation [18, 22, 25]. A full wholesale or retail competition does not exist 193 
anywhere in SSA, but rather, there are various hybrid models where the public and private 194 
investment co-exist. IPPs are found in different market structures, with no clear correlation 195 
between the level or sequencing of reform and IPP investment. Majority of IPPs are found in 196 
SSA countries with vertically integrated utilities [25]. More details about the electricity 197 
market structures in SSA countries are discussed in [22]. 198 

Considering the current electrification rate in SSA, the region is in urgent need of more 199 
power, and private sector investment remains crucial in foreseeing this accomplishment. IPPs 200 
represent the fastest growing sources of power investment in SSA [25]. IPP investment flows 201 
show little concern for electricity market structures but are more likely to gravitate to 202 
countries with strong planning, procurement and contracting capacity, as well as good 203 
regulatory quality [25, 26]. Most of the renewable energy projects developed by IPP in SSA 204 
have been backed by power purchase agreements (PPAs) between the developer and off-taker 205 
(government or utility operator) [21, 26].  206 

Despite the increase in funding of power projects, only a small number of SSA countries can 207 
attract IPPs [25, 26]. To attract private investors in the energy sector as well as to improve the 208 
electrification levels, SSA countries offer incentives, with tax exemptions as the most 209 
widespread policy instrument in the region [21]. Value Added Tax (VAT)/General and 210 
Service Tax (GST) exemption is the most adopted cross-subsidy mechanism by SSA 211 
countries for energy projects [18, 21]. The incentive is applicable to either a specific 212 
consumption block or a customer category. Likewise, the use of a specific social tariff with a 213 
much lower tariff than applied to other small consumers is common [18]. However, it is not 214 
clear which tax incentives are applicable to solar PV technology projects, more specifically 215 
the rooftop mounted systems in most of the SSA countries. In SSA countries, clean energy 216 
policies are limited to tax incentives such as the import duty and VAT rate incentives, which 217 
majorly favour utility scale solar and wind plants; while small scale PV systems are often 218 
subjected to the normal tax rates [21]. In SSA countries such as Namibia, manufacturers are 219 
offered a building allowance of 25% in the first year and 8% per year over 10 years, while in 220 
Eswatini, industrial buildings are offered a 50% building allowance in the first year and 4% 221 
thereafter [27]. It remains unclear whether such building allowances offered for the use of the 222 
buildings for manufacturing purposes would as well apply to the installation of solar systems 223 
on their rooftops. 224 

For the developers, the financial viability of energy projects is achievable by securing the 225 
revenue flows. However, in the SSA region, revenue flows of energy projects are at the core 226 
of the investment difficulties in the power sector [25]. Most of the SSA utilities are 227 
characterized by poor credit ratings and inefficient performance. In SSA, power distribution 228 
losses average at about 23% compared with the commonly used norm of 10% or less in 229 
developed countries [25, 28]. Likewise, the average revenue collection rates are only 88.4% 230 
compared with the best practice of 100% [25]. The combined costs of distribution losses and 231 
uncollected revenue, expressed as a percentage of the utility turnover, provides a measure of 232 
the utilities’ inefficiency in the region.  233 

Often, payments made to developers of the utility-scale projects are disbursed by public 234 
entities, that is, the utility end-user customers [25]. To recover the unit cost of electricity and 235 
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the ensure economic viability of the electricity market, utilities use different levy structures 236 
for their range of customers. For the electricity end-users of the power grid, different tariff 237 
structures and levels exist, varying from one SSA country to another. Tariff structures are the 238 
form of charges for electricity consumption, while tariff levels are the actual magnitude of 239 
charges that are levied as part of a specific tariff structure [18, 29]. Tariff structures constitute 240 
of energy charges, while tariff levels constitute of fixed charges and capacity charges [18]. A 241 
fixed charge is a monthly service fee that is billed to the utility customers regardless of their 242 
demand and consumption of the month. Capacity charge, also known as demand charge, is a 243 
monthly fee that is billed to the clients due to their contracted capacity. Capacity charge is 244 
mainly applicable to the high voltage power demand customers. On the other hand, energy 245 
charge is a monthly charge that is billed to the utility customers due to the electricity 246 
consumption [18].  247 

The energy charges can be classified in three categories, that is, flat tariff, where a single 248 
value rating for all the energy units consumed is applicable regardless of the level of 249 
consumption; consumption block, where different prices are applied to the energy unit 250 
according to the consumption levels; and time of use (ToU), where different prices are 251 
applicable depending on the time of the day in which the consumption is made (e.g. peak, off-252 
peak and shoulder/standard) [18]. In SSA, countries such as Mali, Togo, Niger, Burkina Faso 253 
and Cote d’Ivoire apply all these categories of end-user tariffs, while Nigeria and Liberia only 254 
use the flat tariff category of end-user tariff [18]. Of all the SSA countries, 20 of them utilize 255 
the ToU rating schedule for non-residential sectors, that is, industrial and commercial sectors 256 
[30]. 257 

2.3 Energy Business Schemes in SSA Countries 258 

In many countries and states around the world, the FiT policies were introduced as a means of 259 
subsidizing renewable energy projects by providing a fixed tariff for each energy unit fed into 260 
the grid by a prosumer. However, the FiT policies struggled and/or failed in SSA, with only a 261 
handful of countries having had such a framework by the time energy auctions began to see 262 
widespread global uptake around 2016-17 [21]. Although the FiT schemes recorded success 263 
in developed countries, they were unsuccessful in developing countries [7, 8, 31-33]. 264 
Investigations on the FiT schemes in African countries revealed that the schemes had been 265 
poorly working and failed in some countries [8, 31]. The failure of the FiT schemes in African 266 
countries were attributed to the unfavourable institutional design, insufficient level of the FiT 267 
rates and/or obstacles in the implementation process [31]. Currently, there is no operational 268 
FiT scheme for solar PV technology on the African continent [8]. 269 

A combination of renewable energy feed in tariff (RE-FIT) and global energy transfer feed in 270 
tariff (GET-FiT) programmes that was launched in Uganda and Zambia is among the only 271 
programmes in the SSA region to have incentivized any meaningful deployment [12, 21]. In 272 
several countries, FiT policies have been abandoned and energy auctions have been adopted 273 
[12, 21]. However, energy auctions are more administratively complex and require interest 274 
from investors. Moreover, those carried out across the continent are often described as opaque 275 
and ill-managed [21]. Nonetheless, if well-run and attractive to bidders, they can spur 276 
competition, driving down subsidy costs in the process which would minimize the public 277 
purse [21]. Many countries in the SSA region have seen their first large-scale renewable 278 



9 
 

energy projects implemented through competitive auctions at internationally competitive 279 
prices [21, 25]. 280 

The adoption of the net metering policy has been blithely ignored by most governments in 281 
African countries [9, 12]. Although a national net metering scheme has been suspended, 282 
South Africa has seen some uptake of the scheme at a municipal level with a number of local 283 
authorities overseeing the schemes [21]. Namibia published tariffs for net metering in 2017. 284 
However, the scheme has been criticized by municipalities, which are reluctant to see the net 285 
metering scheme offset centralized power purchases, a significant source of municipal 286 
revenue [21]. Several cases of new net metering regulations failing to encourage uptake exist 287 
in SSA. For instance, Ghana introduced a net metering framework around 2015-16, but 288 
further progress was hindered by opposition from distribution utilities, and the country was 289 
yet to pass a net metering law [21]. Countries considering introducing this legislation include 290 
Kenya. Senegal passed a net metering law in October 2018 and a pilot project was launched. 291 
Targeting urban areas, the scheme sees a tariff being paid for all excess self-generated energy 292 
over a 20-year period and offers tariffs in the range of 8.6 – 12.9 c$/kWh. Notably, the 293 
scheme is heavily subsidized that state utility Senelec’s tariffs are higher than the average in 294 
SSA which could make the scheme more attractive to consumers [21]. However, 295 
implementation of the scheme will add financial pressure on the government of Senegal 296 
through its commitment of meeting the scheme’s subsidies. 297 

Overall, lack of well-developed institutional policies such as net-metering and FiT policies in 298 
SSA countries remains a hindrance to solar PV development [31, 34]. Also, economic barriers 299 
remain the biggest hindrance to solar PV development since the results of the investment are 300 
revealed years later due to long payback periods [34-36]. Development of strong policies, 301 
financial incentives and supports such as low interest loans, subsidies and lower taxes for 302 
implementing solar PV projects are crucial to combat the existent economic barriers to solar 303 
PV deployment in SSA [36, 37]. To devise alternative measures of fostering renewable 304 
energy technologies in developing countries, other energy business models are being 305 
investigated worldwide. As a novel energy business model, the SoG scheme is envisaged as 306 
an alternative scheme that could be adopted by developing countries to foster renewable 307 
energy uptake, especially rooftop solar PV technology [12, 13]. The scheme’s assessment for 308 
the case of Uganda exhibited that its adoption is feasible for all the involved stakeholders 309 
[13]. Thus, this study extends the assessment of the SoG scheme viability in other developing 310 
countries in SSA. The details of the SoG scheme as proposed in [12, 13] are elaborately 311 
discussed in Section 3. Description about the microgrid system and other basic features of the 312 
SoG scheme as well as how it compares to other existent energy business models are given in 313 
[12]. 314 

3 Methodology 315 
3.1 Selected SSA Countries  316 

This study investigates the viability of the SoG scheme model in selected SSA countries. The 317 
country selection was based on the existence of the ToU scheme as the end-user energy 318 
charge category for the industrial sector. Fig. 2 shows the location of the selected SSA 319 
countries on the African continent.  320 

Table 1 shows the selected SSA countries, considered locations with their coordinates and the 321 
ToU rates for the industrial sector. As revealed in literature, only about 20 SSA countries 322 



10 
 

currently use the ToU scheme [30]. Considering 13 out of 20 SSA countries for viability of 323 
the SoG scheme could mirror the suitability of the scheme’s adoption by individual SSA 324 
countries.  325 

 326 
Fig. 2: Map of Africa with Highlighted SSA Countries Considered in this Study 327 

Table 1: Considered Locations in Sub-Saharan African Countries, their Coordinated and Time of Use Rates for 328 
Industrial Sector 329 

3.2 SoG Scheme Model Application 330 

For any of the selected SSA countries to successfully implement the SoG scheme for an 331 
energy business initiative, the SoG scheme model canvas in Fig. 3 should be followed. The 332 
SoG scheme model canvas in Fig. 3 shows the building blocks that characterize business 333 

Country Location 
Coordinates Time of Use Rate (c$/kWh) 

Latitude Longitude Peak Standard Off-peak Source 

Namibia Windhoek City 22.5609o S 17.0658o E 16.0 13.0 9.2 [38] 
Kenya Nairobi 1.2921o S 36.8219o E 9.5 9.5 4.8 [39] 
Madagascar Antananarivo 18.8792o S 47.5079o E 18.0 4.2 2.3 [40] 
Senegal Dakar 14.7167o N 17.4677o W 22.4 14.7 14.7 [18, 41] 
Burkina Faso Ouagadougou 12.3714o N 1.5197o W 24.4 12.2 12.2 [18] 
Cote d’Ivoire Yamoussoukro 6.8276o N 5.2893o W 14.0 10.2 8.3 [18] 
Mali Bamako 12.6392o N 8.0029o W 19.1 13.0 9.5 [18] 
Niger Niamey 13.5116o N 2.1254o E 13.4 9.3 9.3 [18] 
Togo Lomé 6.1256o N 1.2254o E 16.3 14.4 13.1 [18] 
Eswatini Mbabane 26.3054o S 31.1367o E 27.0 8.5 5.6 [42] 
Zimbabwe Harare 17.8216o S 31.0492o E 13.0 7.0 4.0 [43] 
Rwanda Kigali 1.9441o S 30.0619o E 17.0 13.0 9.9 [43] 
Cameroon Yaoundé 3.8480o N 11.5021o E 15.4 12.7 12.7 [43] 
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models to depict how the energy business initiative could create and deliver value, make 334 
money, and visualize its structure under the SoG scheme. 335 

 336 
Fig. 3: SoG Scheme Model Canvas for Energy Business Initiatives  337 

a) SoG Scheme PPA Terms and Conditions 338 

To streamline and efficiently implement the SoG scheme in any country or region, the 339 
regulatory authority or government develops the PPA as well as the terms and conditions that 340 
govern the scheme. The key aspects of the scheme such as guaranteed access to the grid, 341 
transacting with the utility for a contracted period, installation of the required BESS for 342 
contracted prosumers by the government and the acceptable solar PV capacity under a single 343 
contract must be well described in the PPA. In addition, the government specifies the 344 
following aspects in the PPA to ensure transparency and awareness about the scheme’s 345 
operation at any given time to avoid windfall profits as a result of the rates offered by the 346 
scheme. 347 

i. Specifies the equity-debt ratio of the investment cost of the solar PV system to be 348 
considered in evaluating the WACC and LCOE rate applicable to all prosumers under 349 
the SoG PPA. 350 

ii. Specifies the tax incentives applicable to all prosumers under the SoG PPA. 351 
iii. Specifies the percentage of the solar PV energy stored in the BESS that would be 352 

charged a fee, referred to as the store-on grid rate, applicable to all prosumers under 353 
the SoG PPA. 354 
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iv. Specifies the percentage share of the solar PV energy generated that should be self-355 
consumed by the prosumer under the SoG PPA. 356 

v. Specifies the percentage share of the solar PV energy generated that is considered in 357 
evaluating the feed-in grid rate applicable to all prosumers under the SoG PPA. 358 

Based on the country’s set target for the SoG scheme, the abovementioned specifications 359 
might be revised annually in order to achieve the targets as well as to account for market 360 
dynamics such as the variation in the ToU rates and solar PV module prices. The potential 361 
industrial prosumers are at liberty to adopt the scheme whenever they are ready. It is in the 362 
prosumer’s powers to determine the solar PV capacity to install on their building, which is 363 
mainly dependent on the available rooftop area and their financial capability.  364 

b) Solar PV Systems under a Single SOG Scheme PPA 365 

In this study, a total solar PV upper limit capacity of 5.0 MW evaluated to require a 3.9 MWh 366 
BESS capacity was considered for every single SoG scheme PPA based on the description in 367 
[12]. To constitute this solar PV capacity, it was assumed that several industrial prosumers are 368 
contracted under a single SoG scheme PPA as shown by Fig. 1. For the selected SSA 369 
countries, it was also assumed that for every single PPA of the SoG scheme, represented by 370 
the micro-grid system in Fig. 1, there is a typical industrial prosumer with a building that has 371 
a rooftop area which can accommodate a 153.6 kW solar PV capacity based on the 372 
description in [12]. Thus, in each of the selected countries in this study, the prosumer costs 373 
and benefits were evaluated based on the typical industrial prosumer, that is, assumed to have 374 
a 153.6 kW solar PV capacity system. The required BESS capacity under the SoG scheme is 375 
jointly utilized by all the participating prosumers under a single PPA as shown in Fig. 1 and 376 
cannot be disintegrated to represent the individual participating prosumers. Thus, the 3.9 377 
MWh BESS capacity that is jointly shared by the participating prosumers under a single SoG 378 
PPA was considered in this study’s evaluation to determine the levelized cost of storage for 379 
each of the selected SSA countries. Furthermore, this typical industrial building was assumed 380 
to have a daily energy demand based on its operational and non-operational days of a week. 381 
Table 2 shows the energy demands of the typical industrial building during operational and 382 
non-operational days for the different ToU periods. For all the selected locations, it was 383 
assumed that the ToU periods have the same time ranges. The off-peak period was considered 384 
in the range of 00:00 am – 06:00 am; standard peak in the range of 06:00 am – 06:00 pm; and 385 
peak period in the range of 06:00 pm – 00:00 am. 386 

 Table 2: Typical Industrial Energy Demand Based on the Time of Use Periods 387 

Energy Demand of the Day 
Time of Use Periods’ Demand (kWh) Total energy 

demand (kWh) Peak Standard Off-peak 
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 388 
from one region to another within a country. Thus, because of such disparities in solar PV 389 
module prices in SSA, two solar PV module price scenarios (A and B) were considered in this 390 
study and their respective details are shown in Table 3. For the SoG scheme model, several 391 
industrial prosumers constituting a specified solar PV capacity are contracted under a single 392 
SoG PPA with a guarantee to access to the grid as well as the BESS for storage of their 393 
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energy that can be used during the peak and off-peak periods. Solar PV system design and 394 
sizing as well as BESS size description under the SoG scheme model in [12] were adopted in 395 
this study. Table 3 shows the system description and costs used in this study.  396 

The weather datafiles for selected locations were generated from Meteonorm database and 397 
used in Systems Advisor Model (SAM) tool following the system design details in Table 3 to 398 
simulate the performance of a typical industrial solar PV system. In this study, Solton Power’s 399 
SPI-300P module under CEC Performance Model and ABB’s PVI-10.0-I-OUTD-x-US-480-400 
y-z480V [CEC 2011] inverter under inverter CEC Database in SAM tool were selected and 401 
used for PV system simulation, while 24 V 100 Ah Li-ion batteries were considered for the 402 
BESS under the SoG model. To meet the industrial demand, in this study, solar PV system 403 
generation was estimated to supply 75% of the annual demand, the energy stored-on grid 404 
(BESS) was estimated to supply 9% of the annual demand, while 16% of the annual demand 405 
was to be supplied by the grid. Any surplus generated solar PV energy was assumed to be fed 406 
to the grid for each considered location of the study.  407 

Table 3: Specifications of Typical Industrial Solar PV System, Costs and Capacities under the SoG Scheme 408 
Considered 409 

Entity Value Entity Values 

Typical Industrial Solar PV System Scenario A Scenario B 
Modules per string 8 Module price ($/W) 0.40 0.65 
Strings in parallel 32 Inverter cost ($/𝑊𝑊𝑎𝑎𝑎𝑎) 0.17 0.17 
Number of inverters 7 Structural and Electrical BOS ($/𝑊𝑊𝑑𝑑𝑑𝑑) 0.36 0.36 
Number of modules per roof 
slant area 256 Evaluated investment cost ($) 143,347 182,515 

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 
scheme PPA (MWh) 3.9 BESS investment cost ($) 918,179 918,179 

Solar PV Capacity under 
SoG scheme PPA (MW) 5.0 BESS O&M costs ($/year) 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 410 
a) Costs Analysis  411 

Under the SoG scheme model, the LCOE for solar PV system is considered as the cost 412 
incurred by the prosumer for the energy supplied directly to their load by the solar PV 413 
generated energy. The LCOEPV rate of the SoG scheme is evaluated by using Eq. (1) [12]. 414 

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑃𝑃𝑃𝑃 =
∑ �𝐼𝐼𝑡𝑡+𝑀𝑀𝑡𝑡

(1+𝑟𝑟)𝑡𝑡
�𝑛𝑛

𝑡𝑡=1

∑ �𝐸𝐸
𝑃𝑃𝑃𝑃  ∙(1−𝛾𝛾)𝑡𝑡

(1+𝑟𝑟)𝑡𝑡
�𝑛𝑛

𝑡𝑡=1

        (1) 415 

where, 𝐼𝐼𝑡𝑡 is the annuitized investment cost for solar PV system; 𝑀𝑀𝑡𝑡 is the annual operation 416 
and maintenance cost for solar PV system; 𝐸𝐸𝑃𝑃𝑃𝑃 is the annual energy generated by the solar 417 
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system; 𝛾𝛾 is the annual degradation factor of solar PV system; and 𝑟𝑟 is the discount rate, 418 
evaluated as the weighted average cost of capital (WACC) of the firm expressed by Eq. (2). 419 

𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 = � 𝐸𝐸
𝐸𝐸+𝐷𝐷

� ∙ 𝐶𝐶𝐸𝐸 + � 𝐷𝐷
𝐸𝐸+𝐷𝐷

� ∙ 𝐶𝐶𝐷𝐷 ∙ (1 − 𝜏𝜏)      (2) 420 

where, 𝐸𝐸 and 𝐷𝐷 are the equity and debt shares of the investment cost, respectively; 𝐶𝐶𝐸𝐸 and 𝐶𝐶𝐷𝐷 421 
are the cost of equity and cost of debt, respectively; and  𝜏𝜏 is the corporate tax. The cost of 422 
equity is the sum product of risk-free rate and equity risk premium multiplied by beta 423 
coefficient for the risk premium, while the cost of debt is the ratio of the firm’s interest 424 
expenses to its debt load. Table 4 shows the equity risk premium, corporate tax, risk-free rate 425 
and loan interest rate for the selected SSA countries used to evaluate the discount rate 𝑟𝑟.  426 

Table 4: Equity risk premium, corporate tax, risk-free rate and loan interest rate for the considered countries 427 

Country 
Equity Risk 

Premium (%) for 
2020 [44] 

Corporate Tax 
(%) for 2020 [45] 

Risk-free Rate 
(%) [44, 46] 

Loan Interest 
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 428 
more energy than can be consumed, some of the energy is channelled to the battery energy 429 
storage system (BESS) and stored for the prosumer to use later. When the prosumer draws 430 
energy from the BESS, a store-on grid rate specified in the SoG scheme PPA is levied on that 431 
energy. The store-on grid rate 𝑃𝑃𝑓𝑓𝑓𝑓𝑓𝑓𝑆𝑆𝑆𝑆𝑆𝑆  is evaluated by using Eq. (3) and the LCOS is evaluated 432 
by using Eq. (4) [12]. 433 

𝑃𝑃𝑓𝑓𝑓𝑓𝑓𝑓𝑆𝑆𝑆𝑆𝑆𝑆 = 𝜓𝜓 ∙ 𝛿𝛿 ∙ 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿         (3) 434 
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        (4) 435 

where, 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 is the levelized cost of storage of the BESS for a single SoG scheme PPA; 𝛿𝛿 is 436 
the ratio of standard rate to peak rate of ToU rating model; and 𝜓𝜓 is the percentage of solar 437 
PV energy stored in the BESS that is charged a fee by the grid based on the SoG scheme PPA. 438 
The value of 𝜓𝜓 is always specified by the utility (government) for the prosumer’s consent 439 
before the enactment of the PPA. 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 is the BESS capital expenditure; At is the annual 440 
operating cost of BESS; N is the SoG contracted period; 𝐸𝐸𝑜𝑜𝑜𝑜𝑜𝑜𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 is the annual energy output 441 
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from the BESS; and r is the discount rate, evaluated by Eq. (2) for the individual selected 442 
SSA country.  443 

In case the prosumer’s solar PV system generates less than the energy demanded by the 444 
industrial building, the prosumer is obliged under the SoG scheme PPA to have the required 445 
energy supplied by the grid system. Unlike under the ToU scheme, the grid supplies energy to 446 
the prosumer at a grid sellback rate under the SoG scheme that is specified in the PPA. The 447 
grid sellback rate 𝑃𝑃𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆  for the solar energy generating industry (SEGI) is evaluated by using 448 
Eq. (5) [12]. 449 

𝑃𝑃𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 = �𝑝𝑝𝑜𝑜+𝑝𝑝𝑠𝑠+𝑝𝑝𝑝𝑝�
3

         (5) 450 

where, 𝑝𝑝𝑜𝑜 is the off-peak rate under the ToU scheme; 𝑝𝑝𝑠𝑠 is the standard rate under the ToU 451 
scheme; and 𝑝𝑝𝑝𝑝 is the peak rate under the ToU scheme. Based on the ToU rates for the 452 
selected countries in Table 1, the respective grid sellback rate 𝑃𝑃𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆  are evaluated. 453 

b) Benefits Analysis 454 

In case the BESS is charged to its full capacity and the prosumer still has surplus energy, the 455 
prosumer feeds the surplus energy to the grid at the specified feed-in grid (FiG) rate in the 456 
SoG scheme PPA. The FiG rate 𝑃𝑃𝐹𝐹𝐹𝐹𝐹𝐹𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 for the SEGI is evaluated by using Eq. (6) [13].  457 
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            (6) 459 

For  𝑅𝑅𝐹𝐹𝐹𝐹𝐹𝐹 = (𝜂𝜂 − 𝜑𝜑) ∙ 𝑅𝑅         (7) 460 

where, 𝜃𝜃 is the equity share of investment cost; (1 − 𝜃𝜃) is the debt share of the investment 461 
cost; 𝑀𝑀 is the debt maturity period; 𝑟𝑟𝑙𝑙 is the loan interest; ∅𝐼𝐼𝐼𝐼𝐼𝐼 is the percentage of the 462 
investment cost that accounts for inverters replacement; 𝑛𝑛𝐼𝐼𝐼𝐼𝐼𝐼 is the year of inverters’ 463 
replacement; ∅𝑂𝑂𝑂𝑂 is the percentage of the investment cost that accounts for operation and 464 
maintenance of the system; 𝑅𝑅𝐹𝐹𝐹𝐹𝐹𝐹  is the solar PV system investment cost attributed to the solar 465 
energy fed to the grid, evaluated by using Eq. (7); 𝐸𝐸𝐹𝐹𝐹𝐹𝐹𝐹𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 is the energy generated by a solar PV 466 
system fed to the grid; 𝑃𝑃𝐹𝐹𝐹𝐹𝐹𝐹𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 is the FiG rate; 𝛾𝛾 is the annual degradation rate; 𝜌𝜌 is the 467 
degression rate; 𝜏𝜏 is the corporate income tax rate; 𝑟𝑟 is the discount rate evaluated as weighted 468 
average cost of capital (WACC); 𝑁𝑁 is the SoG contracted period; 𝑅𝑅 is the solar PV system 469 
investment cost; 𝜂𝜂 is the percentage of the solar energy generated that is fed to the grid; 𝜑𝜑 is 470 
the non-linearity coefficient between the energy generated and the investment cost of the solar 471 
PV system under the SoG scheme; 𝜎𝜎 is the initial allowance; 𝛽𝛽 is the building use allowance; 472 
𝛼𝛼 is the start-up allowance; ∂ is the depreciation allowance; and 𝐾𝐾 is the allowed period for 473 
start-up allowance. Since in most of SSA countries there are no clear-cut mentioned tax 474 
incentives applicable to rooftop solar PV systems, Table 5 shows the general tax incentives 475 
(building, depreciation, initial, and start-up allowances) that were assumed and used in this 476 
study to evaluate the FiG rate under the SoG scheme model for the selected countries. 477 



16 
 

Table 5: General Data Used to Evaluate the Rooftop Solar PV Energy FiG Rate for the Selected Countries 478 
Metric Notation Value 
Allowed period of start-up allowance (years) K 4 
Annual degradation rate (%) 𝛾𝛾 0.5 
Building use allowance (%) 𝛽𝛽 20 
Debt maturity period (years) 𝑀𝑀 5 
Debt share of investment cost (%) (1 − 𝜃𝜃) 60 
Depreciation allowance (%) ∂ 20 
Equity share of investment cost (%) 𝜃𝜃 40 
SoG contracted period (years) 𝑁𝑁 20 
Initial allowance (%) 𝜎𝜎 50 
Degression rate (%) 𝜌𝜌 1 
Non-linearity coefficient (%) 𝜑𝜑 5 
Percentage of investment cost for inverters' replacement (%) ∅𝐼𝐼𝐼𝐼𝐼𝐼 10 
Percentage of investment cost for O&M cost (%) ∅𝑂𝑂𝑂𝑂 1.6 
Start-up allowance (%) 𝛼𝛼 25 
Year of inverters' replacement (year) 𝑛𝑛𝐼𝐼𝐼𝐼𝐼𝐼 15 

c) SoG Scheme Model Viability 479 

For the feasibility of the solar PV energy transaction between the industrial solar PV energy 480 
prosumer and the utility operator, the FiG rate under the SoG scheme should always lie in the 481 
range given by the constraint in Eq. (8) for all parameters of the model. The constraint in Eq. 482 
(8) should always hold for the prosumer to attain reasonable returns when feeding the surplus 483 
solar PV energy to the grid and likewise for the utility operator when selling the energy to the 484 
prosumers under the SoG scheme model. 485 

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑃𝑃𝑃𝑃 < 𝑃𝑃𝐹𝐹𝐹𝐹𝐹𝐹𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 < 𝑃𝑃𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆                  (8) 486 

Profits analyses for the solar PV energy fed to the grid by the prosumer and those of the utility 487 
operator for the sale of the energy fed to the grid under the SoG scheme were evaluated. To 488 
undertake the profits analysis for the prosumer Fprofit

SEGI  and utility operator Fprofit
Grid  under the 489 

SoG scheme, Eqs. (9) and (10) are used, respectively. 490 

𝐹𝐹𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 = �𝑃𝑃𝐹𝐹𝐹𝐹𝐹𝐹𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 − 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑃𝑃𝑃𝑃� ∙ 𝐸𝐸𝐹𝐹𝐹𝐹𝐹𝐹𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆       (9) 491 

𝐹𝐹𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺 = �𝑃𝑃𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 − 𝑃𝑃𝐹𝐹𝐹𝐹𝐹𝐹𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆� ∙ 𝐸𝐸𝐹𝐹𝐹𝐹𝐹𝐹𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆       (10) 492 

Additionally, by adopting the SoG scheme, the prosumer records a reduction in the electricity 493 
purchase costs as a result of self-consumption of the solar PV energy generated by the 494 
installed system. The reduction in the electricity purchase costs, referred to as prosumer’s 495 
secondary benefits 𝐵𝐵𝑃𝑃𝑃𝑃𝑃𝑃𝑆𝑆𝑆𝑆𝑆𝑆 are evaluated by using Eq. (11). 496 

𝐵𝐵𝑃𝑃𝑃𝑃𝑃𝑃𝑆𝑆𝑆𝑆𝑆𝑆 = 𝐸𝐸𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑃𝑃𝑃𝑃 ∙ (𝑝𝑝𝑠𝑠 − 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑃𝑃𝑃𝑃) + 𝐸𝐸𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙,𝑝𝑝
𝑆𝑆𝑆𝑆𝑆𝑆 ∙ �𝑝𝑝𝑝𝑝 − �𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑃𝑃𝑃𝑃 + 𝑃𝑃𝑓𝑓𝑓𝑓𝑓𝑓𝑆𝑆𝑆𝑆𝑆𝑆�� + 𝐸𝐸𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙,𝑜𝑜

𝑆𝑆𝑆𝑆𝑆𝑆 ∙497 

�𝑝𝑝𝑜𝑜 − �𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑃𝑃𝑃𝑃 + 𝑃𝑃𝑓𝑓𝑓𝑓𝑓𝑓𝑆𝑆𝑆𝑆𝑆𝑆�� + 𝐸𝐸𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙,𝑠𝑠
𝑆𝑆𝑆𝑆𝑆𝑆 ∙ �𝑝𝑝𝑠𝑠 − �𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑃𝑃𝑃𝑃 + 𝑃𝑃𝑓𝑓𝑓𝑓𝑓𝑓𝑆𝑆𝑆𝑆𝑆𝑆��    (11) 498 

where, 𝐸𝐸𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙,𝑝𝑝
𝑆𝑆𝑆𝑆𝑆𝑆  is the solar PV energy stored in the BESS and supplied to the load during the 499 

peak period; 𝐸𝐸𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙,𝑜𝑜
𝑆𝑆𝑆𝑆𝑆𝑆  is the solar PV energy stored in the BESS and supplied to the load during 500 
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the off-peak period; 𝐸𝐸𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙,𝑠𝑠
𝑆𝑆𝑆𝑆𝑆𝑆  is the solar PV energy stored in the BESS and supplied to the load 501 

during the shoulder period; 𝑃𝑃𝑓𝑓𝑓𝑓𝑓𝑓𝑆𝑆𝑆𝑆𝑆𝑆  is the store-on grid fee levied on the PV energy stored in the 502 
BESS; 𝑝𝑝𝑝𝑝, 𝑝𝑝𝑠𝑠 and 𝑝𝑝𝑜𝑜 are the peak, shoulder and off-peak tariffs, respectively, for the ToU 503 
scheme. 504 

d) Government Revenue Analysis 505 

With the government as a key stakeholder in the implementation and success of SoG scheme, 506 
it is crucial to assess its revenue collection from the scheme. The government taxes the energy 507 
transaction between the prosumer and the utility under SoG scheme. In this analysis, the tax 508 
generated per kWh of the solar PV energy fed to the grid under the SoG scheme was 509 
evaluated by using Eq. (12). The government tax collection evaluated by using Eq. (12) 510 
captures the corporate tax generated from the solar PV energy fed to the grid by deducting the 511 
tax allowances offered to rooftop solar PV systems. 512 

𝑇𝑇𝐺𝐺𝐺𝐺𝐺𝐺 =
∑ �

𝐸𝐸𝐹𝐹𝐹𝐹𝐹𝐹
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆∙𝑃𝑃𝐹𝐹𝐹𝐹𝐹𝐹

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆∙(1−𝛾𝛾)𝑡𝑡∙(1−𝜌𝜌)𝑡𝑡∙𝜏𝜏
(1+𝑟𝑟)𝑡𝑡 �𝑁𝑁

𝑡𝑡=1 −�
𝑅𝑅𝐹𝐹𝐹𝐹𝐹𝐹
𝑁𝑁 �∙𝜏𝜏∙�(𝜎𝜎+𝛽𝛽)

(𝑟𝑟+1)+𝛼𝛼∙�
(1+𝑟𝑟)𝐾𝐾−1
𝑟𝑟∙(1+𝑟𝑟)𝐾𝐾

�+𝜕𝜕∙�1−(1+𝑟𝑟)−𝑁𝑁

𝑟𝑟 ��

∑ �
𝐸𝐸𝐹𝐹𝐹𝐹𝐹𝐹
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆

(1+𝑟𝑟)𝑡𝑡�
𝑁𝑁
𝑡𝑡=1

             (12) 513 

4 Results and discussion 514 
4.1 Solar PV System Performance Evaluation 515 

As discussed in subsection 3.2, a prosumer with a typical industrial building was considered 516 
for every single SoG scheme PPA in the selected SSA countries. A typical industrial building 517 
was assumed to have a pitched roof, that is, having two slant roof areas for installation of 518 
solar PV system. For a typical size solar PV system of 153.6 kWp capacity considered in this 519 
study, each slant roof area of the building was estimated to accommodate 76.8 kWp array 520 
following the system description in Table 3. A tilt angle of 25o was used for the system at all 521 
the considered locations, given most rooftops in SSA have an average pitch angle of about 25o 522 
[48]. The performance of the solar PV system was simulated for different orientations at every 523 
considered location in Table 1. For all the considered countries, a combination of East and 524 
West orientations of solar PV arrays yielded the highest annual energy generation. Table 6 525 
shows the solar PV system annual energy generation at the selected locations in SSA. 526 

Table 6 reveals that a rooftop solar PV system in Windhoek, Namibia would generate the 527 
highest energy annually, while a system in Yamoussoukro, Cote d’Ivoire would generate the 528 
least energy annually. The difference of 73,446 kWh between the annual energy generated by 529 
the system at Windhoek and Yamoussoukro could be attributed to the solar irradiance 530 
received at the two sites. Cote d’Ivoire has a reported daily solar PV yield potential in the 531 
range of 3.6 – 4.4 kWh/kWP, while Namibia has a daily solar PV yield potential in the range 532 
of 5.0 – 5.8 kWh/kWP [49]. Thus, based on the daily solar PV yield potential of the two 533 
countries, a solar PV system installed in Namibia would always generate more energy daily 534 
than the one installed in Cote d’Ivoire. Fig. 4 shows the monthly solar irradiance received on 535 
the plane of array (POA) of solar systems for the East and West orientations at the site in Cote 536 
d’Ivoire and Namibia. The POA of solar PV systems in Fig. 4 reveals that the system in Cote 537 
d’Ivoire could receive solar irradiance close to that of a system in Namibia only in the months 538 
of April to June. For the rest of the months, the solar irradiance on the POA of solar PV 539 
system in Namibia could greatly exceeds that of the system in Cote d’Ivoire. 540 
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Table 6: Solar PV System Annual Energy Generation at Selected Locations in SSA 541 

Country Location 

Energy Generation based on Azimuth 
Angle (kWh) Total Annual 

Energy Generated 
(kWh) East Orientation West Orientation 

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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 542 
Fig. 4: Solar Irradiance on POA of Solar PV Systems at Windhoek and Yamoussoukro 543 

4.2 Cost Analysis Evaluation 544 

Assuming a beta value of 1 and an industry’s cost of debt of 5% as well as using the data in 545 
Table 4 in Eq. (2), the WACC of the typical industry was evaluated for the selected countries 546 
and is reported in Table 7. The typical solar PV system evaluated for the two scenarios had an 547 
investment cost of $ 143,3467 and $ 182,514 for scenario A and scenario B, respectively, 548 
based on solar PV module prices shown in Table 3. At a loan maturity period of 5 years and 549 
debt share of capital of 60% as well as the respective country’s lending interest rate, the 550 
industry’s annuity in the selected countries was evaluated and is shown in Table 7. For all the 551 
selected locations, the applied equity share of capital was 40%, which is an equivalent of $ 552 
57,338.8 and $ 73,005.6 for scenario A and scenario B, respectively. Also, the operation and 553 
maintenance costs and the inverters’ replacement cost after 15 years for respective scenarios 554 
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shown in Table 3 were applied to all the selected locations. The solar PV system was assumed 555 
to have a degradation rate of 0.5% per annum at all sites. With this information, the LCOE of 556 
the solar PV energy at the selected locations was evaluated for a 153.6 kW typical solar PV 557 
system for a lifetime of 25 years by using Eq. (1) and is reported in Table 7. 558 

Table 7: Solar PV System Economic Analysis for the selected Locations in SSA 559 

Country WACC (%) 
Annuity ($) LCOE (c$/kWh) 

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’Ivoire 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 – 560 
18.35%, which agrees with the reported range of WACC values of 8.0 – 32.0% across SSA in 561 
[24]. WACC values are high in African countries due to country-specific risks, that is, 562 
perceived and actual risks that are higher in SSA than in developed countries. These risks 563 
arise from concerns over financial and political stability as well as regulatory and institutional 564 
conditions. Thus, investors would require a higher rate of return on the investment to 565 
accommodate for such risks. For an investment to be attractive to an investor, its WACC 566 
should be greater than the firm’s actual internal rate of return (IRR). The IRR for solar PV 567 
investment in SSA is reported in the range of 15 – 22 % [11]. Thus, by comparing the 568 
evaluated WACC values and the reported IRR range in SSA, an investment in solar PV 569 
technology could still be attractive to the investors in most of the selected SSA countries. 570 

Also, the evaluated LCOE for solar PV for both scenarios presented in Table 7 is in the range 571 
of 7.08 – 18.37 c$/kWh. In literature, solar PV energy is reported to be delivered at an LCOE 572 
between 6.0 – 21.0 c$/kWh in SSA [11]. Thus, the range of the LCOE for solar PV energy 573 
evaluated in this study agrees with the range reported in literature for solar PV energy in SSA, 574 
an indication that the study results are a good representation of the economic state of solar PV 575 
in SSA. It should be noted that the LCOE for solar PV energy is highly sensitive to the 576 
WACC and loan interest rates as well as the solar energy resource of the location. Thus, as 577 
revealed in Table 7, countries with high WACC and/or high lending interest rate also have 578 
high LCOE for solar PV system. 579 

As described in [12], under the SoG scheme model, several prosumers are contracted under a 580 
single SoG PPA to install solar PV, while the government through the utility operator 581 
facilitates the installation of the battery energy storage system (BESS). Thus, in this study, the 582 
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BESS investment cost of $ 918,179 as well as the operation and maintenance cost of $3,673 583 
and the annual BESS energy as reported in Table 5 were used for all systems in the selected 584 
countries. The percentage share of the total energy drawn from the storage system that is 585 
charged a fee by the grid operator 𝜓𝜓 was assumed at 62.02%, and applied to all systems in all 586 
the selected countries as was used in [12, 13] to evaluate the store-on grid rate 𝑃𝑃𝑓𝑓𝑓𝑓𝑓𝑓𝑆𝑆𝑆𝑆𝑆𝑆  by using 587 
Eq. (3). Table 8 shows the values of 𝛿𝛿, 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 evaluated by using Eq. (4), the store-on grid rate 588 
𝑃𝑃𝑓𝑓𝑓𝑓𝑓𝑓𝑆𝑆𝑆𝑆𝑆𝑆  evaluated by using Eq. (3), and the grid sellback rate 𝑃𝑃𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆  evaluated by applying the 589 
time of use (ToU) rates for selected countries in Eq. (5).  590 

Table 8: Evaluated Store-on Grid Fee and Grid Sellback Rate for Selected countries in SSA 591 
Country 𝛿𝛿 LCOS (c$/kWh) 𝑃𝑃𝑓𝑓𝑓𝑓𝑓𝑓𝑆𝑆𝑆𝑆𝑆𝑆  (c$/kWh) 𝑃𝑃𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆  (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 5.32 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 5.31 8.00 

Rwanda 0.7647 11.62 5.51 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 592 
store-on grid rate is higher than the grid sellback rate. This is attributed to the lower ToU rates 593 
offered as well as the same rates for peak and standard periods in Kenya as presented in Table 594 
1. Because of the same rates offered during the peak and standard periods, the value of 𝛿𝛿 is 595 
equivalent to 1 for the case of Kenya, which results in a high store-on grid rate based on Eq. 596 
(3). On the other hand, due to very low values of 𝛿𝛿 in Madagascar and Eswatini, the 597 
respective store-on grid rate in these countries is very low, while the LCOS is very high. This 598 
results from the very low standard period rates offered in these countries in comparison to 599 
their peak period rate under the ToU scheme as presented in Table 1. Overall, for all the 600 
selected SSA countries, the store-on grid rate is in the range of 1.61 – 7.18 c$/kWh and the 601 
grid sellback rate is in the range of 6.37 – 17.27 c$/kWh, while the LCOS of the BESS varies 602 
in the range of 9.98 – 15.89 c$/kWh. The variation in the LCOS of the BESS is as a result of 603 
the differences in the WACC values in Table 7 of the considered countries that are in the 604 
range of 9.78 – 18.35% for the selected SSA countries. 605 

In this study, the industry was considered on average to have at least 10 non-operational days 606 
every month to account for the public holidays, maintenances and weekends, while it worked 607 
for the rest of the days of the month. The monthly energy demands of the industry were 608 
evaluated based on operational and non-operational days for each month as well as the ToU 609 
energy demand in Table 2. Table 9 shows the monthly energy demands of the industry in this 610 
study. 611 
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Table 9: Monthly Energy Demand of the Industrial building  612 

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

demand (kWh) Peak Standard Off-peak 
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 
Total Annual Demand 
(kWh) 19,359.6 150,942.75 19,560.35 189,862.7 

From Table 9, comparing the overall total annual energy demand of the industrial building 613 
with the simulated annual solar energy generation at all selected sites in SSA in Table 6, it is 614 
only the system in Cote d’Ivoire that generates less than the annual demanded energy. It 615 
should be noted that with the variation in the considered number of operational days per 616 
month, the monthly energy demand of the industry could as well vary. It is possible that in 617 
some of the considered countries the industries operate for more or less days of the month 618 
than assumed in this study. Such a deviation from the assumption of the study could increase 619 
or decrease the annual energy demand of the industry. Likewise, some industries could have 620 
some of their operations schedules for the night-time, contrary to the study’s assumption of 621 
industries operating only during daytime. However, such incidences necessitate real time data 622 
on industries’ operations in order to have the conclusive evaluation of their annual energy 623 
demand and compare it with the possible annual energy generation from the solar PV system. 624 

By using the ToU rates in Table 1 and the energy demand per ToU period in Table 9, the 625 
industry’s monthly and annual energy costs were evaluated for the selected SSA countries. 626 
Also, by using the LCOE in Table 7, store-on grid rate and grid sellback rate in Table 8 with 627 
the total monthly energy demand in Table 9, the industry’s monthly and annual energy costs 628 
were evaluated. Fig. 5 shows the comparison between the annual energy costs of the industry 629 
under ToU scheme and SoG scheme for the selected SSA countries. 630 
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Fig. 5: Comparison of the Evaluated Industry’s Annual Energy Cost under the Time of Use and Store-on Grid 632 

Schemes for Selected Countries in SSA 633 

A comparison of the annual energy cost under the two schemes in Fig. 5 reveals that in most 634 
of the considered countries, the industry would incur lower annual energy costs under the SoG 635 
scheme than under the ToU scheme regardless of the scenario considered. For both scenarios 636 
of SoG scheme, the industry prosumer in the case of Kenya, Madagascar, Zimbabwe and 637 
Eswatini would incur more annual energy costs under the SoG scheme compared to under the 638 
ToU scheme. These differences in the annual energy costs could be attributed to the very low 639 
energy tariffs offered under the ToU scheme and likewise the high lending interest rates 640 
incurred by a borrowing investor in these countries. Most of the industrial energy load is 641 
mainly during daytime, that is, during the solar PV energy generating period for the SoG 642 
scheme and the standard period for the ToU scheme as shown in Table 9. Fig. 6 shows the 643 
comparison between the standard rate under the ToU scheme (from Table 1) and the LCOE 644 
rate under the SoG scheme for the two scenarios (from Table 7) for the selected SSA 645 
countries. 646 
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Fig. 6: Comparison between the Schemes’ Main Tariffs in Selected Countries in SSA 648 
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From Fig. 6, it is evident that the LCOE rate under the SoG scheme is very high in countries 649 
such as Madagascar and Zimbabwe compared to the standard rate under the ToU scheme. For 650 
instance, the evaluated LCOE rate is about 4.3 times the standard rate in Madagascar, and 651 
about 2.6 times the standard rate in Zimbabwe. These high values of the LCOE rate are as a 652 
result of the high loan interest rates in these countries as shown in Table 4. Under the SoG 653 
scheme scenario A, the LCOE rate is lower than the standard rate of the ToU scheme in most 654 
of the selected SSA countries. In this study, the economic analysis of solar PV system was 655 
evaluated on the basis that the debt share of the investment cost is 60%. Thus, the lending 656 
interest rate on the loan has a significant impact of the solar PV system’s LCOE value. 657 

4.3 Benefits Analysis Evaluation 658 

Under the SoG scheme, the prosumers feed their surplus energy generated to the grid at the 659 
contracted FiG rate specified in the PPA. Likewise, the grid supplies some of the prosumer’s 660 
energy demands at the specified sellback rate in the PPA. As an assumed obligation under the 661 
SoG scheme model, on an annual basis, the direct solar PV energy to the load should meets 662 
75%, and the energy from the BESS to the load should meet 9% of the industrial energy 663 
demand, while 16% of the load is mandatorily supplied by the grid in accordance to the SoG 664 
scheme PPA terms. Fig. 7 shows the annual energy fed to the grid by the prosumer and its 665 
share of the total annual energy generated by the solar PV systems in the selected countries of 666 
SSA. 667 
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  668 
Fig. 7: Annual Solar PV Energy Fed to Grid and Its Share of Energy Generation for Selected Countries in SSA 669 

From Fig. 7, it is revealed that for all the considered countries, more than 15% of the 670 
generated solar PV energy is fed to the grid by the prosumer annually. On average, 26.83% of 671 
the generated solar PV energy is fed to the grid annually. The least share of the energy fed to 672 
the grid annually is 15.65% for the case of a solar PV system in Cote d’Ivoire, while the 673 
highest share of the energy fed to the grid annually is 39.25% for the case of a solar PV 674 
system in Namibia. The surplus energy generated by the prosumer from the solar PV system 675 
is fed to the grid at a contracted FiG rate. At any moment the prosumer’s demand is met, as 676 
well as the BESS is fully charged, the prosumer would feed the surplus energy to the grid. 677 
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The energy fed to the grid varies based on the daily solar irradiance of the location and the 678 
prosumer’s energy demand. Thus, for some days the prosumer might not feed any units of 679 
solar energy to the grid, while on other days the prosumer might feed several units of solar 680 
energy to the grid. 681 

Prior to the enactment of the SoG PPA, the regulator evaluates the FiG rates to be offered to 682 
any potential prosumers joining the scheme based on Eq. (6). Likewise, in this study, the FiG 683 
rates for the two scenarios solar PV modules prices were evaluated by applying the respective 684 
data in Tables 3 and 5 in Eq. (6). Table 10 shows the 𝑅𝑅𝐹𝐹𝐹𝐹𝐹𝐹  values evaluated by using Eq. (7) 685 
and FiG rates for scenario A and scenario B under the SoG scheme model for the selected 686 
countries in SSA. 687 

Table 10: 𝑅𝑅𝐹𝐹𝐹𝐹𝐹𝐹  values and FiG rates for scenario A and scenario B under the SoG scheme model 688 

Country 
𝑅𝑅𝐹𝐹𝐹𝐹𝐹𝐹  (($) FiG Rate (c$/kWh) 

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 c$/kWh 689 
and 12.12 – 19.45 c$/kWh for scenario A and scenario B of the SoG scheme, respectively. It 690 
should be noted that the FiG rate is not influenced only by the amount of solar PV energy fed 691 
to the grid. By comparing the amount of energy fed to the grid in Fig. 7 and the FiG rate in 692 
Table 10 for Namibia and Cote d’Ivoire, it is evident that both countries have almost the same 693 
FiG rate under both SoG scheme scenarios yet the prosumer in Namibia feeds in more energy 694 
to the grid than in Cote d’Ivoire. The sensitivity analysis in [13] revealed that the FiG rate is 695 
most sensitive to the variation in the amount of solar PV energy fed to the grid, followed by 696 
the 𝑅𝑅𝐹𝐹𝐹𝐹𝐹𝐹  value and then the discount rate. An increase in any of the parameters 𝑅𝑅𝐹𝐹𝐹𝐹𝐹𝐹  and 𝑟𝑟 697 
increases the FiG rate, while an increase in the amount of solar PV energy fed to the grid 698 
decreases the FiG rate. Thus, the FiG rate of the selected SSA countries mainly relies based 699 
upon these three parameters, with a slight influence from the lending interest rate and 700 
corporate tax rate. Fig. 8 shows the sensitivity analysis of the FiG rate to the variations in the 701 
discount rate, 𝑟𝑟, energy fed to the grid (represented by 𝐸𝐸), and investment cost attributed to 702 
the solar energy fed to the grid 𝑅𝑅𝐹𝐹𝐹𝐹𝐹𝐹  in the range ±50% of the parameter value used to 703 
evaluate the FiG rate (baseline) for Namibia in Table 10 for scenario B. 704 
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Fig. 8: Sensitivity Analysis of FiG Rate to Variation in 𝑅𝑅𝐹𝐹𝐹𝐹𝐹𝐹 , 𝑟𝑟 and 𝐸𝐸 for the Case of Namibia under SoG 706 

Scheme Scenario B 707 

As can be noted from Eq. (7) that the 𝑅𝑅𝐹𝐹𝐹𝐹𝐹𝐹  is directly proportional to the percentage of the 708 
solar energy generated that is fed to the grid 𝜂𝜂.  Thus, any change in the amount of the solar 709 
energy fed to the grid would directly influence the value of 𝑅𝑅𝐹𝐹𝐹𝐹𝐹𝐹 . From Fig. 8, it is evident 710 
that for the variations (𝑟𝑟(0%), 𝐸𝐸(-50%)) and (𝑟𝑟(0%), 𝐸𝐸(+50%)), the FiG rate baseline value is 711 
(12.12 c$/kWh) for both 𝑅𝑅𝐹𝐹𝐹𝐹𝐹𝐹(-50%) and 𝑅𝑅𝐹𝐹𝐹𝐹𝐹𝐹(+50%). At 𝑟𝑟(-50%) and 𝑟𝑟(+50%), all the 712 
variations in 𝐸𝐸 and 𝑅𝑅𝐹𝐹𝐹𝐹𝐹𝐹  from (-50%) to (+50%) result in a decrease in the FiG rate. 713 

In case the proportionality in Eq. (7) is emphasized during the FiG rate sensitivity analysis, 714 
for the variations (𝑟𝑟(-50%), 𝐸𝐸(-50%)), (𝑟𝑟(0%), 𝐸𝐸(-50%)) and (𝑟𝑟(+50%), 𝐸𝐸(-50%)) for 715 
𝑅𝑅𝐹𝐹𝐹𝐹𝐹𝐹(+50%), the FiG rate increases in all cases compared to the baseline FiG rate. While for 716 
the variations (𝑟𝑟(-50%), 𝐸𝐸(+50%)), (𝑟𝑟(0%), 𝐸𝐸(+50%)) and (𝑟𝑟(+50%), 𝐸𝐸(+50%)) for 𝑅𝑅𝐹𝐹𝐹𝐹𝐹𝐹(-717 
50%), the FiG rate decreases in all cases compared to the baseline FiG rate. Since under these 718 
variations the proportionality in Eq. (7) is violated yet it governs the key parameters used in 719 
Eq. (6) to evaluate the FiG rate, then such variations should be omitted in the analysis.  720 

4.4 SoG Scheme Viability Assessment 721 

Under the SoG scheme model, the FiG rate is constrained by Eq. (8) for the scheme to be 722 
feasible and profitable to both the prosumer and the utility operator. The FiG rate should 723 
always be greater than the LCOE rate but less than the grid sellback rate for the SoG scheme 724 
to be feasible in any country. Fig. 9 shows the feasibility of the SoG scheme model in the 725 
selected countries based on the two scenarios in accordance to the constraint in Eq. (8). 726 
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(a)                                                                                    (b) 728 

Fig. 9: Feasibility of the SoG Scheme Model Based on the Constraint in in Eq. (8) for the Selected SSA 729 
Countries: (a) Scenario A; and (b) Scenario B 730 

From Fig. 9 (a), under scenario A of the SoG scheme model, the constraint in Eq. (8) is 731 
upheld for industrial prosumers in nine (9) countries, namely, Namibia, Senegal, Burkina 732 
Faso, Mali, Niger, Togo, Eswatini, Rwanda and Cameroon and violated for the rest of the 733 
countries. From Fig. 9 (b), under scenario A of the SoG scheme model, the constraint in Eq. 734 
(8) is upheld for industrial prosumers in only four (4) countries, namely, Namibia, Senegal, 735 
Togo and Burkina Faso and violated for the rest of the countries. For both scenarios 736 
considered, the SoG scheme model violates the constraint in Eq. (8) for the case of Kenya, 737 
Madagascar, Cote d’Ivoire and Zimbabwe. For the case of Cote d’Ivoire, a slight decrease in 738 
solar PV module price could guarantee feasibility of the scheme for scenario A. However, for 739 
Kenya, Madagascar and Zimbabwe, there is a necessity of improved financial access through 740 
soft loans with low lending interest rates in addition to a decrease in solar PV module price 741 
for the scheme to be feasible. Generally, most of the SSA countries face a challenge of the 742 
banking sector with inadequate capital [26]. Thus, SSA governments should develop local 743 
debt capital markets and devise means of strengthening the local banking sector since this 744 
sector plays an important role in sustainability and growth of power sector projects.  745 

Considering the solar PV energy fed to the grid, the utility operator’s benefits from the sale of 746 
this energy were evaluated for both schemes. Under the SoG scheme, the utility is considered 747 
to sell the energy at a grid sellback rate, while under the ToU scheme, the utility is considered 748 
to sell the energy at the ToU standard rate. The utility benefits were evaluated as the product 749 
of the energy selling rate and the amount of energy being sold. Fig. 10 shows the utility 750 
benefits recorded from the sale of the solar PV energy fed to the grid by the utility to its 751 
customers. 752 
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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 754 

under the ToU and SoG Schemes 755 

From Fig. 10, except for Kenya and Namibia, the utility operators would record more benefits 756 
under the SoG scheme than under the ToU scheme for all the selected countries in this study. 757 
Therefore, the adoption of the SoG scheme could guarantee the utility more benefits in 11 out 758 
of 13 selected SSA countries in this study. The profits analysis of the prosumer and utility 759 
operator under the SoG scheme for the two scenarios was done by using Eqs. (9) and (10). 760 
Fig. 11 shows the recorded profits by the prosumer and utility under the SoG scheme for the 761 
two scenarios. 762 
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(a)         (b) 764 

Fig. 11: Recorded Profits Solar PV Energy Fed to Grid under the SoG Scheme Scenarios: (a) Prosumer; and (b) 765 
Utility 766 

Except for Madagascar and Cote d’Ivoire where the prosumer records losses under both SoG 767 
scheme scenarios, Fig. 11 (a) shows that the prosumer records profits from the solar PV 768 
energy fed to the grid for all the other selected countries under both SoG scheme scenarios. 769 
For both SoG scheme scenarios, Fig. 11 (b) shows that the utility records profits for the case 770 
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of Namibia, Senegal, Burkina Faso and Togo. The utility also records profits for the case of 771 
Cote d’Ivoire, Mali, Niger, Eswatini, Rwanda and Cameroon under the SoG scheme scenario 772 
A and records losses in the same countries under the SoG scheme scenario B. The profits 773 
analysis of both the prosumer and the utility are affected by the WACC value used in the 774 
evaluations under the SoG scheme. Since the WACC reflects investment risks, with an 775 
improved investment environment in SSA countries, the profits recorded by the stakeholders 776 
under the SoG scheme would be positively improved. 777 

In addition to the profits made by selling the surplus generated solar energy to the grid, the 778 
prosumer also records to secondary benefits resulting from a reduction in the annual 779 
electricity purchase costs as shown in Fig. 5. By using the ToU rates in Table 1, the 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑃𝑃𝑃𝑃 780 
values in Table 7, the 𝑃𝑃𝑓𝑓𝑓𝑓𝑓𝑓𝑆𝑆𝑆𝑆𝑆𝑆  values in Table 8 and the total annual solar PV energy 𝐸𝐸𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑃𝑃𝑃𝑃  as 781 
well as the total annual BESS energy supplied to the load based on the ToU periods in Eq. 782 
(11), the prosumer’s secondary benefits were evaluated for each of the selected SSA 783 
countries. Fig. 12 shows the prosumer secondary benefits under the SoG scheme scenarios for 784 
the selected SSA countries. 785 
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Fig. 12: Prosumer Secondary Benefits under the SoG Scheme for the Selected SSA Countries 787 

Fig. 12 reveals that under the SoG scheme, some prosumers in some countries would record 788 
the secondary benefits resulting from a reduction in the annual electricity costs, while in other 789 
countries the prosumers would incur more annual electricity costs. Under the SoG scheme 790 
scenario A, a prosumer in Namibia, Senegal, Burkina Faso, Mali, Niger, Togo, Rwanda and 791 
Cameroon would record the secondary benefits, while a prosumer in Kenya, Madagascar, 792 
Cote d’Ivoire, Eswatini and Zimbabwe would incur the secondary costs given that the ToU 793 
rate in these countries are very low. Under the SoG scheme scenario B, a prosumer in 794 
Namibia, Senegal, Burkina Fano, Mali and Togo would record the secondary benefits, while 795 
in the rest of the selected countries the prosumer would incur the secondary costs given that 796 
the ToU rate in these countries are very low.  797 

The electricity tariffs in most of the SSA countries do not reflect the cost of electricity 798 
services due to under-pricing of the electricity because of government subsidies [22]. For 799 
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instance, in Madagascar, the government allocated a reasonable share of the discretionary 800 
spending to unaffordable and poorly targeted fuel subsidies that were estimated at about 4.1% 801 
of GDP in 2017 [50]. Also, Zimbabwe provides low-cost electricity to Zimbabweans 802 
compared to the economic cost of electricity service provision because of heavily subsidised 803 
rates. This has severe financial consequences on the Zimbabwean utilities given that the 804 
government does not compensate the utilities for these subsidised prices [51]. Generally, due 805 
to the reliance on imported fossil fuels, most SSA countries provide fossil fuel subsidies and 806 
likewise offer subsidies to utilities to cover for the financial losses incurred [52]. Phasing out 807 
of the fossil fuel subsidies can reduce the fiscal imbalance and budgetary pressure mounted on 808 
the governments in SSA countries. This could result in the creation of the necessary fiscal 809 
space to support sustainable clean energy development and eliminate perverse incentives that 810 
foster carbon emissions. Therefore, with the phasing out of fossil fuel subsidies, the market 811 
electricity tariffs (ToU rates) would reflect the unit cost of electricity generation. In such 812 
circumstances the adoption of the SoG scheme would be feasible for all the involved 813 
stakeholders in countries where fossil fuel subsidies are currently in place. 814 

4.5 Government Revenue Evaluation 815 

Under the SoG scheme, the government offers tax incentives to the prosumers as a deduction 816 
of what would have been collected. After deducting the incentives, the government tax 817 
collection from the energy transaction between the prosumer and the utility from the surplus 818 
solar energy fed to the grid was evaluated by using Eq. (12) for all the selected countries 819 
considering the two SoG scheme scenarios. Fig. 13 shows the recorded government tax 820 
collection per unit of the solar PV energy fed to the grid by the prosumer under the SoG 821 
scheme scenarios. 822 
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Fig. 13: Government Tax Collection from Solar PV Energy Fed to the Grid by a Prosumer under the SoG 824 

Scheme Scenarios 825 

Of all the selected countries, Fig. 13 reveals that the government tax collection would be 826 
lowest in Cote d’Ivoire and highest in Mali for both SoG scheme scenarios. The government 827 
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tax collection is in the range of 1.95 – 3.38 and 2.48 – 4.31 c$/kWh for scenario A and 828 
scenario B, respectively, for the selected SSA countries. Considering the government tax 829 
collection in Fig. 13 and the store-on grid rate 𝑃𝑃𝑓𝑓𝑓𝑓𝑓𝑓𝑆𝑆𝑆𝑆𝑆𝑆  as well as the 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 of the BESS in Table 830 
8, the sum of government tax collection and store-on grid rate is less than the 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 of the 831 
BESS for all the selected countries. Thus, this indicates that the government might not be able 832 
to directly recover its costs incurring in facilitating the installation of the BESS under the SoG 833 
scheme. However, it should be noted that because of power outages, SSA countries lose about 834 
2.1% of the GDP, and the total sales of the African firms fall by 4.9% compared to when the 835 
electricity supply is dependable [20]. Thus, although the governments might not necessarily 836 
recover their expenses on the BESS directly under the SoG scheme, the firms’ sales are 837 
stabilized which in return generate more revenue for the governments as well as foster the 838 
GDP growth. 839 

5 Conclusion and future works  840 

In this study, the SoG scheme model for community-shared energy business initiatives was 841 
applied across 13 selected SSA countries to investigate its viability as an energy business 842 
model to foster the adoption of rooftop solar PV technology in the industrial sector. The SoG 843 
scheme was applied based on two scenarios of solar PV module prices. Using the specific 844 
data of the selected SSA countries applicable to the SoG scheme as well as their ToU schemes 845 
for the industrial sector end-user tariff structure, the viability of the SoG scheme was 846 
assessed. The results of the SoG scheme were compared with the results of the ToU scheme, 847 
and the following are the key finding of the study:  848 

• Under scenario A, the SoG scheme is viable in nine out of 13 selected SSA countries, 849 
namely, Namibia, Senegal, Burkina Faso, Mali, Niger, Togo, Eswatini, Rwanda and 850 
Cameroon, mainly because these countries have a relatively lower LCOE of solar PV 851 
systems in comparison to their ToU rates for electricity. On the other hand, under 852 
scenario B, the SoG scheme is only viable in four countries, namely, Namibia, 853 
Senegal, Togo and Burkina Faso. Given that the LCOE is dependent on the solar PV 854 
module prices, thus, under scenario B for which the module price is higher than that of 855 
scenario A, the LCOE of solar PV systems becomes relatively higher than the 856 
respective country’s ToU rates for electricity. Hence, in some countries such as Mali, 857 
Niger, Eswatini, Rwanda, and Cameroon, where the SoG scheme was viable under 858 
scenario A, the scheme ends up becoming inviable under scenario B. 859 

• For both SoG scheme scenarios considered in this study, the scheme constraint in Eq. 860 
(8) is violated for the case of Kenya, Madagascar, Cote d’Ivoire and Zimbabwe. For 861 
the case of Cote d’Ivoire, a slight decrease in the solar PV module price could 862 
guarantee feasibility of the scheme. However, for Kenya, Madagascar and Zimbabwe, 863 
there is a necessity of improved financial access through soft loans with low lending 864 
interest rates in addition to a decrease in solar PV module price. As mentioned in the 865 
competitive strategy block in Fig. 3, incorporation of soft loan with lower interest rates 866 
could make the SoG scheme viable in most of the developing countries. Thus, the 867 
policy makers should devise means of establishing soft loans with low lending interest 868 
rate dedicated to fostering the deployment of solar PV technology.  869 

• Some of the SSA countries, the ToU rates do not reflect the unit cost of energy 870 
generation because of the existent government subsidies. Thus, the comparison of the 871 
ToU rates and SoG scheme remains tricky in such circumstances where there are 872 
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subsidies on the conventional energy technologies. Therefore, the policy makers in the 873 
developing countries could revise the existent government subsidies on the fossil fuel-874 
based electricity generation and direct them toward the deployment of solar PV 875 
technology. 876 

• On average, 26.83% of the generated solar PV energy is fed into the grid annually. 877 
The least share of the annual energy fed into the grid is 15.65% for the case of a solar 878 
PV system in Cote d’Ivoire, while the highest share of the annual energy fed into the 879 
grid is 39.25% for the case of a solar PV system in Namibia. Generally, most of the 880 
generated solar PV energy is self-consumed by the prosumers under the SoG scheme, 881 
guaranteeing some level of energy security to the prosumers. Thus, the deployment of 882 
the distributed energy generating systems under the SoG scheme could be crucial in 883 
mitigating the persistent power outage challenges in the SSA countries that greatly 884 
affect the firms’ sales and the countries’ GDP. 885 

• Overall, the SoG scheme model exhibits greater potential as a billing scheme for an 886 
energy business model to foster rooftop solar PV technology adoption in developing 887 
countries. Therefore, developing countries that previously had the FiT scheme struggle 888 
and fail to achieve set targets could adopt the SoG scheme. Challenges such as 889 
unattractive low rates that were offered under the FiT scheme in the developing 890 
countries are addressed under the SoG scheme through the governing constraint of the 891 
scheme in Eq. (8). The SoG scheme constraint ensures that the feed-in rate is always 892 
slightly higher than the LCOE for solar PV systems, but lower than the utility retail 893 
rate under the SoG scheme.  894 

In this study, only the industrial sector electricity customers were considered. In the future, 895 
the investigation should be extended to the residential and commercial sectors to examine the 896 
viability of the SoG scheme as an energy billing scheme for energy business initiatives for 897 
fostering rooftop solar PV technology adoption in developing countries. Also, the study 898 
should be extended to other developing countries in other continents to examine the suitability 899 
and appropriateness of the SoG scheme model in those places. 900 
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