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With only 28% of the population having access to electricity, Uganda presents a huge market potential for alternative technologies to provide electricity such as solar PV systems. Using a simple statistical method (neighbourhood approach), this study estimates the market potential for solar PV in households based on a 2018 National Electrification Survey dataset collected by Uganda Bureau of Statistics (UBOS). Results show that approximately 5.3 million households lack access to electricity, thus the total market potential. Over 60% of households lack access to electricity due to supply-side gaps (also known as absence of coverage) while the rest of the households have coverage but lack access due to demand side limitations (also known as no uptake). On the contrary, our results suggest that supply-side gaps constitute the biggest proportion of electricity access deficit in Uganda’s households. Implying that these households may be willing and have the ability to pay but lack supply, thus these households constitute an immediate market potential for solar PV systems. To address the electricity access deficit, private solar companies should target unserved households with appropriate systems/products and innovative business models to suit their needs. Government on the other hand should subsidize households with affordability challenges or enhance their income.
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INTRODUCTION
Electricity is crucial for human development. In Sub-Saharan Africa about 621 million people lack access to electricity and the number is anticipated to increase due to unprecedented population growth (IEA, 2019). In Uganda, approximately 28% of the population have access to while the over 70% of the population continue to rely on biomass or fossil powered technologies, such as kerosene wick lamps locally known as “tadooba,” used batteries, torches, and candles to meet household energy needs (Uganda Bureau of Statistics, 2018). Use of traditional biomass and associated technology causes health problems, climate change (World Health Organization, 2016) and threatens sustainable development (Terrapon-Pfaff et al., 2018; Lee et al., 2020).
Numerous attempts to increase the proportion of households with access to electricity have coincided with technological innovations leading to the emergence of off-grid solar PV as a viable alternative (Energy Africa-Uganda, 2018; Grimm et al., 2019). Uganda is among countries with high solar energy resource potential, on average, estimated to be approximately 5.2 kWh per square meter per day (Biira and Kilama, 2014). This high level of solar insolation, couple with average daily sunshine of about 8 h throughout the year, provides an excellent potential for solar energy use and development of solar energy conversion systems in the country (Biira and Kilama, 2014). In addition, government, since 2011 is increasingly investing in policy programs to attract investors into the off-grid solar market with major focus on increasing uptake of solar PV systems1 (UOMA, 2018). So far, the household sub-sector is possibly one of the biggest markets for solar PV systems in Uganda (World Bank, 2018). However, the market potential for solar PV in households remains relatively unclear for both investors and policy makers.
Available literature shows that the historical growth of solar PV market in Uganda is a result of low access to electricity mainly due to supply-side limitations (Mugagga and Chamdimba, 2019). At the same time, Blimpo et al. (2020) argue that the widening electricity access gap in most of SSA is attributable to demand side limitations. However, the few studies that have attempted to estimate the solar PV market potential are mainly non-empirical studies and they ignore the supply and demand side limitations (Lighting Africa, 2014; Energy Africa-Uganda, 2018). Non-empirical studies tend to serve the interests of individual companies or research bodies and their analysis is based on small samples often unsuitable for policy formulation. Therefore, this study provides an empirical estimation of solar PV market potential in households based on demand and supply side limitations of existing electricity infrastructure. The study is guided by three research objectives;
To find out the proportion of households without access to electricity due to demand-side limitations
To find out the proportion of households without access to electricity due to supply-side gaps
To estimate the total market potential for solar PV systems in households.
The contribution of the paper is threefold. First, the paper posits that in Uganda, the electricity access deficit is more associated with supply side limitations contrary to existing literature, which indicated that demand side limitations contribute significantly to energy access deficit (Blimpo et al., 2020). Second, the study adopts neighbourhood approach to estimate the market potential for solar PV (Foster and Araujo, 2004; Wodon et al., 2009. This approach uses mathematical notations to assess demand and supply-side gaps limiting coverage or access rates of electricity and bases on the two gaps to estimate the underserved and unserved electricity market. The interest in electricity stems from the global Sustainable Development Goals (SDG 7.1 “to ensure access to affordable, reliable and modern energy services for all by 2030”) and Uganda’s National Vision 2040 (National Planning Authority-NPA, 2020). Third, the analysis is based on a recent nationally representative data set (National Electrification survey, 2018). The data captures electricity access deprivations (using five attributes in different Tiers) based on the global electricity access tracking framework also known as “Multi-Tier Framework” of World Bank (Bhatia and Angelou, 2015). The findings of the study will be useful for solar companies, policy makers and researchers. Solar companies can use the findings to make informed investment decisions and for market segmentation. Policy makers can use the findings not only in designing appropriate policies on electricity access but also to direct policy incentives such as tax subsidies to the right stakeholders.
The rest of the paper is arranged as follows; Section Literature presents Literature review, Section Methodology presents data and methodological approach, Section Results provides results; Section Discussion presents discussion of findings while Section Conclusion, Implications and Future Research consists of conclusion, implications, and areas for further studies.
LITERATURE
Energy Sector and Structure in Uganda
The Government’s Policy Vision on energy is to increase the proportion of households with access to electricity from 11% in 2010 to 21% in 2015 (NDPI) to 30% in 2020 (NDP II) to 60% 2025 (NDP III) and to 80% in 2040 (National Planning Authority-NPA, 2020). However, so far electricity access targets for NDPI and NDPII have not been realised (Ministry of Finance,Planning and Economic Development -MOFPED, 2020). Some of the key challenges identified include high cost of electricity (i.e., currently 9 cents (USD) per unit for each household’s user), low availability, capacity limitation, unreliable supply, and inadequate Institutional and regulatory frameworks (National Planning Authority-NPA, 2020). To address the persistent energy access challenges, government is increasingly investing in strengthening the institutional policy and legal framework on one hand and promoting investment in alternative renewable technologies such as solar, wind, and bioenergy at a household level.
The legislative framework of the energy sector is comprised of the Electricity Act (1999) that provides the regulatory framework for the electricity sub-sector. The policy framework is comprised of the Energy Policy (2002; 2019) whose goal is “to meet the energy needs of Uganda’s population for social and economic development in an environmentally sustainable manner;” the Renewable Energy Policy (2007), which aims to increase the share of renewable energy in the national energy mix, and the Electricity Connection Policy (2018), which aims to increase access and provide cleaner energy for Ugandans. In addition, other regulatory institutions include; 1) Ministry of Energy & Mineral Development (MEMD) –the policy-making agency for the energy sector. 2) Rural Electrification Authority (REA)- mandated to increase access to electricity in rural and marginalised areas. 3) Electricity Regulatory Authority (ERA) that sets tariffs and issues electricity generation and transmission licenses. 4) Uganda National Bureau of Standards (UNBS) –enforces the use of standards to protect the public’s health and safety. 5) Uganda Energy Credit Capitalisation Company (UECCC) –facilitates investment in Uganda’s renewable energy sector, primarily through private sector participation (Energy Africa-Uganda, 2018).
The sector’s mandate is also governed by other sector policies, including Climate Change Policy (2015), which supports energy policy implementation through the promotion and development of new clean energy technologies to reduce Greenhouse Gas (GHG) emissions. The sector also ascribes to international and regional legal and policy frameworks for instance the UN SDGs, Sustainable Energy for All (SEforAll), East African Community laws and policies, among others (Ministry of Energy and Miniral Development, 2018). The off-grid electricity market in Uganda is governed by other frameworks such as; Rural Electrification Strategy Plan (RESP) 2013–2022 (2012) and (3) National Development Plan III (NDP-III) (2020). The mandate of the RESP is to increase the rural electrification rate to 22% by 2022 using both grid and off grid technologies.
Despite the presence of elaborate legal, institutional, and regulatory frameworks, the energy access gap keeps widening and policy makers fear that the country may not attain the global energy access goal (National Planning Authority-NPA, 2020). Currently, the government is emphasising the need to increase investment in alternative renewable technologies particularly solar PV systems. However, the current market potential for solar PV systems is unknown.
Market Opportunities for Solar Photovoltaic-Supply Side Factors
Opportunities within the solar PV sector are underlined by the government’s ambitious target to increase electricity supply to 80% by 2040. Overall, renewable energy resources (hydropower, geothermal, solar energy, and biomass) are expected to contribute 12,700 MW to the national electricity mix in 2040. Particularly, solar energy is planned to contribute 5000 MW out of the anticipated total cumulative capacity of 41,700 MW by 2040. Although the installed capacity of solar energy-based power is currently 1% (50.8 MW) of 5,000 MW, solar energy has a great potential to provide about 39.4% of the renewable-based power capacity by 2040 (Electricity Regulatory Authority-ERA, 2020). Indeed, the solar PV market growth potential in Uganda is promising (UOMA, 2018).
The main factors behind the growth in the solar PV market potential include a drop in global prices for solar PV systems, inadequate electricity infrastructures (transmission and distribution), low levels of grid access nationally and particularly in rural areas, increased investment in awareness campaigns from the government and donor agencies, emergency of new business models, and increased grid electricity outages (Blimpo et al., 2020; Goyal et al., 2019; Energy Africa-Uganda, 2018). In addition, the government of Uganda introduced tax subsidies particularly VAT and import duty exemptions for some solar systems and components making solar PV affordable for households (Uganda Solar Energy Association (USEA), 2019).
Additionally, numerous developmental institutions are actively supporting efforts to scale uptake of solar PV systems. These institutions include DFID, World Bank, GIZ, UNCDF, and USAID2, and they play different roles to achieve this goal. The DFID supports an initiative focusing on removing policy and regulatory barriers to solar PV market expansion, while World Bank’s Lighting Africa aims at catalysing the market by providing market intelligence on the demand for off-grid solar products and supports awareness campaigns. Furthermore, the UNCDF (CleanStart) supports poor households and micro-entrepreneurs to jump start their access to clean energy through microfinance, while the USAID’s Scaling off-grid Energy Enterprise Awards Program provides seed funding to solar companies that provide innovative solutions to scale up the use of SHS to unelectrified areas. Another USAID initiative, Power Africa Uganda Electricity Supply Accelerator (PAUESA) focuses on support to energy generation and access projects through grants, transaction advisory support, short term grants, and technical assistance.
Market Opportunities for Solar Photovoltaic-Demand Side Factors
With national electricity access of about 28% (Ministry of Energy and Mineral Development, 2019) compared to Sub-Saharan Africa’s average of 42%, Uganda is one of the countries with the lowest electricity consumption level, estimated at about 100 kWh per capita (IEA, 2018). The consumption mix is dominated by biomass in the form of firewood, charcoal, and crop residues estimated at about 88% followed by oil products accounting for 10% and electricity at 2% (Ministry of Energy and Mineral Development, 2019). This implies that approximately 27 million (about 72%) people lack access to the electricity network nationally while only 9% of the population in rural areas are electrified. Unfortunately, households without access to electricity rely on technologies such as kerosene lamps and battery powered torches to meet their lighting needs. These alternatives, apart from being more expensive are also unsafe and cause health problems (Grimm et al., 2019). A recent survey by Uganda Bureau of Statistics shows that the willingness to pay for electricity service is high among those unserved. However, some members expressed disappointment with grid electricity due to unreliability (Uganda Bureau of Statistics, 2018).
Solar PV uptake on the other hand is growing but the spatial distribution remains asymmetrical. The proportion of households with solar PV has increased tremendously, this may imply growth in demand for solar PVs. By 2018 (Figure 1), solar PV adoption in all regions increased to above 3% except for Kampala (Ministry of Energy and Miniral Development, 2018).
[image: Figure 1]FIGURE 1 | Spatial distribution of solar PV by sub-region in 2018 (Source: Authors’ calculation based on National Electrification Survey 2018).
Market Potential for Solar Photovoltaic System (Electricity Access Deficit)
To estimate the market potential, there is need to ascertain the demand-side gaps, supply-side gaps, or both (Blimpo et al., 2018). Electricity coverage and uptake rates vary significantly within Uganda, with a high concentration in urban and some peri-urban areas while low concentration is more pronounced in rural areas (Blimpo, et al., 2020). A study conducted in 150 communities in western Kenya finds that electricity uptake remained very low, even for relatively well-off households, averaging 6% for households (Lee et al., 2016). Similarly, an evaluation of a large electrification project in Tanzania shows uptake was less than one-third of what was initially projected (Chaplin et al., 2017).
The demand-side limitations/gaps constitute households who may not be able to afford to pay for electricity services despite living near an electricity distribution system line. Lack of affordability may be due to different reasons including high electricity tariffs or connection charges, illegal tenure that makes it difficult for the utility company to accept the household as a client, or poor quality of service (Uganda Bureau of Statistics, 2018). A cross country study in SSA revealed that 41% of the access deficit were associated with demand-side constraints (Blimpo, et al., 2020) such as low household income, housing quality, the reliability, and quality of electricity (Blimpo et al., 2018; Mensah, 2018). In some cases, many households are unable to pay monthly bills while others could not afford to pay for consumption beyond the subsidized level hence contributing to reliability challenges (Banerjee et al., 2008; Blimpo and Cosgrove-Davies, 2019). In addition, poor housing quality is among key demand side limitations. A good example is in South Africa, where an initiative was put in place to transfer 1.7 million residents from informal to a formalized housing settlement before electrification could take place (Niez, 2010). Furthermore, poor quality of voltage was identified in Tanzania as a constraint on the Island of Zanzibar (Jacome et al., 2019). Relatedly, many other studies reveal that, most households in SSA install low-capacity solar products, which by world bank standards are considered no access (Coville et al., 2019; Grimm, et al., 2016; Bensch, et al., 2018).
The situation in Uganda is not any different. Apart from limited access, even areas with grid electricity, households hardly get connected often due to prohibitive costs. With many households still below the poverty line this is not an affordable option. This could imply that, solar PV may present an alternative option for addressing electricity access problems in rural areas where there is no access at all, and urban areas where the grid is not reliable (Mugagga and Chamdimba, 2019). In addition, over 80% of households in Uganda using lanterns/lamps are considered to be in Tier 0, of which majority are rural households (Uganda Bureau of Statistics, 2018). This is because the lamps/lanterns dominantly used in households are incapable of providing light for at least four hours a day and one hour in the evening, or power basic appliances like charging mobile phone and radios. The World Bank uses a Multi-Tier Framework approach to group households by electricity access attributes3 that depict demand and supply side aspects to define tiers of access (Bhatia and Angelou, 2015). The different dimensions of access in the tiers further depict deprivations at each level of access, these are useful in identifying the underserved electricity market.
On the other hand, supply-side limitations constitute households living in areas that do not have access to electricity (also known as unserved households). It includes those who live in a neighbourhood with access but may live too far from the electricity distribution line, thereby making it unviable or unfeasible to have a chance to be connected to it (Wodon et al., 2009; Tsimpo and Wodon, 2014). Similarly, some households may be willing to pay for connection, but there may be a lack of capacity within the utility company to provide such connections, for example due to limited resources or infrastructures (Sievert and Steinbuks, 2020). In addition, the quality of electricity services is also labelled a supply side constraint in that, if a household experiences frequent and long-lasting blackouts, should we consider it as having access? For example, in Liberia, over 50% of connected households report that they never have electricity. Sierra Leone, Uganda, Mozambique, and Niger all report severe reliability problems with over 30% of electrified households reporting never having electricity (Blimpo and Cosgrove-Davies, 2019). Another issue is voltage availability. The electricity available to households might be sufficient to light up a low voltage light bulb but is not enough to power even a small appliance such as a fan. Further still, Dagnachew et al. (2020) show that the absence of overall plans and approaches and lack of clarity in policies provides a plausible explanation for low electricity access in SSA.
From the above literature, demand and supply constraints to electricity access are interlinked and both contribute to the electricity access deficit. In this study, we use the supply side and demand side gaps/limitations as inputs in estimating the unserved and underserved households which in turn is considered the market potential for alternative electricity sources. Available evidence shows that demand side limitations contribute significantly to energy access deficit (Blimpo, et al., 2020). However, our argument is that in Uganda, the electricity access deficit is more associated with supply side limitations.
METHODOLOGY
Data Sources
This study used data from the 2018 National Electrification Survey, collected from 5,491 households by the Uganda Bureau of Statistic following the multi-tier framework of Energy access (Ministry of Energy and Miniral Development, 2018). The survey provided information on 1) status of on-grid and off-grid households connections; 2) energy connectivity in schools, health centres and enterprises; 3) access, use, reliability and affordability of energy in households and institutions; 4) key barriers to access, connectivity and the productive use of energy by households and institutions; and 5) willingness to pay for clean energy.
A two-stage sampling design was used to draw the sample for the NES survey. At first stage, Enumeration Areas (EAs) were drawn with Probability Proportional to Size (PPS) and at the second stage, households were the ultimate sampling units drawn using simple Random Sampling (SRS). A total of 6,380 households were selected from 638 EAs using the 2014 Uganda Population and Housing Census and 5,491 households successfully responded, while 889 households never responded due to various reasons (Ministry of Energy and Miniral Development, 2018). All estimates are weighted to the total number of households in the country and the data is nationally representative by rural-urban and four statistical regions in Uganda.
Estimation Approach
The study adapts then neighbourhood approach developed by Foster and Araujo (2004) and later improved by Wodon et al, (2009). These authors proposed a statistical method for assessing electricity coverage deficits based on the pure demand-side problems, pure supply-side problems and the combination of demand and supply-side problems. They argue that, if a household lives in an area with access to electricity service but is not connected, this is taken as an affordability challenge (pure demand-side limitation). In areas without access, some households face combined problems (both demand and supply-side problems). Nevertheless, for those households who are more likely to use electricity but lack access even in their neighbourhood, authors take it as a purely supply-side constraint. This approach has been used by other scholars (Tsimpo and Wodon, 2014; Angel-Urdinola & Wodon, 2007; Komives, et al., 2005).
Model Specifications
We start by presenting a mathematical notation for assessing demand and supply-side gaps limiting coverage rate or access to electricity based on Foster and Araujo (2004) and Wodon et al. (2009) approach. The coverage rate is expressed as:
[image: image]
where C represents the coverage rate in households, which is the number of households using electricity divided by the total number of households (with appropriate survey-based household weights) (%); A represent available rate, which is defined as the number of households living in communities where service is available divided by the total number of households (%); and U denotes the uptake rate (%), which is the number of households actually connected to the electricity divided by the number of households living in communities where electricity is available. Therefore, the pure demand-side gap (PDSG) is expressed as:
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Therefore, the share of the households without access ([image: image]) can be deduced as
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Hence, the supply-side gap (SSG) is given as:
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Thus, from Eqs 1–3, the sum of the pure demand-side gap, the supply-side gap, and the coverage rate is equal to 1, that is:
[image: image]
However, in areas that are not covered by electricity due to the supply gap above, it is also likely that even if supply was available, some households would not connect due to affordability issues. If the uptake rate in unserved households is similar to the uptake rate in areas where there is electricity now, the additional coverage that is obtained by providing access to these areas would be equal to the supply-side gap times the uptake rate where there is access. This is defined as the pure supply-side gap and it is expressed as:
[image: image]
The difference between the pure supply-side gap and the demand-side limitation can be deduced to represent a combined demand and supply-side gap, due to the fact that there is no access to the electricity, and even if there were access, some households would not be connected. This results in another gap, which is referred to as mixed demand and supply-side gap, and expressed as:
[image: image]
Using the survey data as described in Section Data Sources, with Eqs 1–7, the total market potential for solar PV in sub-regions of the Uganda and the whole country is estimated.
RESULTS
Sub-regional Electricity, Availability, and Uptake Rates
Figure 2 shows the proportion of households per sub-region in terms of electricity coverage rate, availability rate and uptake rate. Overall, out of the total number of households surveyed, 66% had electricity available within their communities while 43% of these households are connected to the electricity representing 65% uptake rate. It can therefore be deduced that, 57% of households are currently unserved. The unserved households thus represent total market potential for alternative energy technologies such as a solar PV system as a source of electricity.
[image: Figure 2]FIGURE 2 | Electricity Coverage, availability, uptake, and Un-served households by sub region.
Results (as shown in Table 1) further reveal that the electricity availability rate is high in Kampala sub-region (100%), followed by Buganda South (93%), Ankole (82%), Buganda North (78%), and Acholi (71%), while Lango has the lowest availability rate of 34%. Electricity coverage rates are lower in Karamoja (8%), Acholi (17%) Teso (19%), Lango (20%), Westnile (21%), Bukedi (25%), and Bugisu (27%), but rates significantly increase in Kampala, Buganda South, Ankole, and Buganda North to over 50%. In addition, electricity uptake is low in three sub-regions of Karamoja (21%), Acholi (24%), and Teso (46%) but high in Kampala (96%) and Ankole (82%) sub-regions.
TABLE 1 | Estimation of Electricity access without controls of demand and supply-side obstacles in Uganda (%).
[image: Table 1]The results suggest that the Central and partially Western regions compared to other regions have the highest rate of electricity coverage, availability, and uptake. This may be attributed to the level of socio-economic development (Uganda Bureau of Statistics, 2018), which varies across sub-regions. The Central region includes, for example, houses in Kampala, the capital city of Uganda, while Mbarara town in Western Uganda was given city status 5 years ago.
Figure 3 shows the total number of households (HHs) without access to electricity service due to demand side and supply side limitations (market potential for solar PV systems). Results show that the majority of households without electricity are in Busoga (601,500), Westnile (536,300), North Buganda (462,200), Lango (416,200), and South Buganda (402,400) sub-regions with the least households in Kampala (13,800). Notably, the Karamoja sub-region has the lowest electricity coverage rate and uptake in the country. The finding further shows that 41% of the households in Uganda electricity access deficits due to lack of demand only, 38% due to lack of supply only, and 21% due to a combination of demand and supply factors. Regionally, Kampala sub-region electricity access deficits are purely due to lack of demand, followed by Buganda (76%), Acholi (65%), and Ankole (61%). Notable differences are observed in subregions due to electricity access deficits due to supply factors only, with Tooro (58%) having the highest %age of households with electricity access deficits due to lack of supply factors only followed by Bunyoro (51%) and West Nile (47%) respectively. More than half of electricity access deficits in Karamoja are due to the mixture of demand and supply factor.
[image: Figure 3]FIGURE 3 | Number of households without access by sub-region (Solar market potential).
The plausible explanation is that electricity deficient sub-regions are affected by poor infrastructural development due to low economic development and activities, geographical terrain and poverty levels. For example, Bugisu and some parts of Kigezi are mountainous making difficult to extend the grid. Busoga sub-region on other hand has been experiencing rising poverty levels while Karamoja sub-region has consistently been reported as the poorest sub region in Uganda (Uganda Bureau of Statistics, 2018). Besides poverty, Karamoja particularly has few and sparsely distributed households and the nature of the houses (Manyatas) do not support grid electrification, this possibly explains why electricity access is very low (Burgess et al., 2019).
Solar Market Potential
Table 2 shows the unserved market (market potential) based on demand side and supply side gaps. We observe that lack of access to electricity is mainly due to supply-side limitations in the sub-regions of Busoga, Westnile, Lango, Bugisu, Bukedi Teso, Karamoja, Bunyaro, Tooro, and Kigezi, while in Kampala, South and North Buganda, Acholi, and Ankole sub-regions, it is propelled by purely demand-side limitations. This implies that some households without access to electricity due to supply-side gaps could have the capacity to pay for service but lack access due to the supply capacity constraints of utility companies or unreliability aspects, thus preferring an alternative. On the contrary, households without access propelled by demand-side limitations have access in the neighbourhood but they lack electricity due to affordability constraints, such as high connection charges, usage fees, or cultural priorities.
TABLE 2 | Total market potential by residence and sub-region.
[image: Table 2]Overall, the total number of households without access to electricity is approximately 5.3 million. About 3.2 and 2.1 million households without access are attributable to supply-side and demand side limitations, respectively. Implying that, 2.1 million households have coverage but have lack access due to demand side constraints such as affordability and poor housing quality among others. On the other hand, 3.2 million households lack access to electricity as a result of supply side constraints such as lack of availability, reliability, and limited capacity or voltage, among others. Probably, the supply-side propelled market deficit constitutes an immediate market potential since some of the households may be willing to pay and have the ability to pay but simply lack access in the vicinity. The demand side propelled deficit is a potential market but may require supportive policies or arrangements to curb affordability challenges. For example, providing flexible pay options that matches their cashflows or distributing solar PV systems that are affordable to them. Furthermore, the majority of households without electricity live in rural areas, where out of 5.3 million households without access in Uganda, about three quarters reside (72%) in rural areas.
DISCUSSION
This study sought to estimate the market potential for solar PV systems as an alternative source of electricity. To address the objective three specific questions were formulated; (i)What is the proportion of households without access to electricity due to demand-side limitations? 2) What is the proportion of households without access to electricity due to supply-side gaps? 3) What is the total electricity access deficit or the estimated market potential for alternative electricity sources such as solar PV systems?
Results suggest that approximately 2.1 million households lack access to electricity as a result of demand side limitations. The implication is that these households have electricity coverage in their vicinity or community but they are unable to access (or the uptake is low) due to household-based limitations such as inability to afford connection fees, monthly bills, and electrical appliances to use electricity. In Uganda, low uptake of electricity is due to high poverty levels (Uganda Bureau of Statistics, 2018). For instance, Busoga, North and South Buganda, Acholi, and Ankole among other sub-regions harbour majority of these households. In addition, some of the households are constrained by housing tenure (where the occupants are tenants and have no right to make alterations to needed for connectivity) and poor housing quality (where the type of the houses do not allow use of electricity from a safety and standards perspective). This finding resonates with existing evidence in literature. For example, Banerjee et al. (2008) report that, affordability of monthly bills was a major limitation to electricity access. Their findings show that, about 60% of the African population cannot afford to pay full cost recovery tariffs or extend consumption beyond the subsidized level. Similar results were reported by Blimpo and Cosgrove-Davies (2019) in cross country of African countries while Blimpo et al., (2018) and Mensah, (2018) found household income levels (affordability) and flows, housing quality, and quality of electricity as prime constraints. In South Africa for instance, an initiative was put in place to transfer 1.7 million residents of informal settlements with poor housing quality to live in formalized housing before electrification could take place (Niez, 2010).
Results further suggest that approximately 3.2 million households lack access to electricity as a result of supply-side limitations. The implication is that these households could be willing to use electricity but lack electricity coverage both in their houses and neighbourhood. The supply side constraints may include lack of availability, reliability, and capacity of the existing infrastructures or utility companies as well as electrical appliances to use the service. In Uganda, the biggest proportion of electricity supply comes from hydro power generation and this is distributed and transmitted centrally using a national grid. However, the national grid does not reach many areas particularly where the geographical terrain is mountainous (e.g. Bugisu & Kigezi), households are sparsely distributed (e.g., Karamoja, Lango, Westnile etc.) and demand is making grid extension unviable. This finding is in line with literature, for instance in Tanzania a study revealed low of voltage as a major deprivation for household and businesses on the Island of Zanzibar (Jacome et al., 2019). Similar limitations have been found in literature (Dasso and Fernandez, 2015). Relatedly, low-capacity electricity systems in most households in SSA were reported as constraints to access and which by world bank standards are considered no access (Coville et al., 2019; Grimm et al., 2016; Bensch et al., 2018; Burgess et al., 2019).
Further still, results reveal that approximately 5.3 million households lack access to electricity. This electricity access deficit is a result of both supply and demand-side limitations. Supply-side gaps account for 60.4% of the total electricity access deficit, implying that the existing market potential is driven by mainly supply-side deficiencies such as lack of availability, low capacity, unreliability, as well as high electricity tariffs compared to neighbouring Kenya. Lack of supply presents market potential for alternative technologies such as solar PV systems to fill. This finding is in line with previous studies for instance, Tsimpo and Wodon (2014) analysed residential electricity access in Uganda using Living Standards Measurement data (LSM) and found that supply side limitations were the main drivers of low electricity access in Uganda. similarly, Dagnachwa et al. (2020) undertook a study to identify the barriers for electricity access in SSA and found supply side constraints such as inadequate institutional and regulatory support to be key limitations. Relatedly, studies on growth in uptake of off-grid technologies reveal that lack of supply and unreliability of grid electricity service is among key reasons behind uptake of alternative sources (UOMA, 2018; Burgess et al., 2019; Mugagga and Chamdimba, 2019). However, our finding contradicts recent finding by Blimpo and Cosgrove-Davies, (2019) who attribute electricity access deficit to mainly demand-side limitations. The possible explanation could be differences in data sets and level of analysis. i.e., Blimpo and Cosgrove-Davies used an old data set from world development indicators (2012) supplemented by data sources from LSMS, DHS (2014/15) and the analysis is at a macro level which is susceptible to a problem of incomplete data.
CONCLUSION, IMPLICATIONS, AND FUTURE RESEARCH
Conclusion
This study sought to estimate the market potential for alternative electricity sources particularly solar PV using electricity demand and supply side gaps. Results show that approximately 5.3 million households lack access to electricity, implying that the total market potential for alternative electricity sources (such as solar PV) is 5.3 million households. About 60.4% of these households lack access as a result of supply-side gaps. This may possibly imply an immediate market potential because some households may be willing to pay electricity service but lack electricity coverage due to supply side limitation (e.g. lack of capacity, unreliability, grid extension may be unfeasible/unviable, inefficiencies of the utility company, low awareness, and poor geographical terrain). On the other hand, 39.6% have electricity coverage however uptake is low due to demand side limitations (e.g. affordability, use of low voltage systems, housing conditions, and housing tenure). Therefore, a combination of supply and demand side gaps constitute total electricity access deficit in households which is considered a market potential for alternative electricity sources such as solar PV systems.
Practical Implications
The results show that approximately 5.3 million households lack access to electricity mainly due to absence of electricity coverage (lack of availability), a supply-side limitation and partly due to due to low uptake (lack of affordability), a demand side limitation. To close the electricity access deficit, there is a need for disaggregated policy intervention. First, the 5.3 million households constitute a market potential for alternative electricity sources such as off-grid solar PV systems as well as min-grids. The unserved market or households (mainly due to unavailability) constitute an immediate market potential because demand is available but supply is limited hence solar companies should take advantage by addressing availability challenges. Particularly, solar firms should use commercially viable and effective business models to reach sparsely distributed households, set up service centres to geographically unreached regions like Karamoja, and introduce good storage devices for Bugisu and kigezi sub regions where the radiation is low.
For households with coverage but a lack of access due to affordability challenges, there is a need for the government to subsidise electricity costs to encourage uptake. On the other hand, the solar companies can use innovative business models to address affordability challenges.
Limitation and Future Research
The statistical approach we used is limited in capturing all electricity access gaps that influence the unserved market, this may lead to biases in the estimates of demand as opposed to supply-side problems. For example, some households may live in an area where there is access to the service, but may still be located too far from the electric line to be able to be connected (or perhaps the capacity of the electric line may be designed to support a specific and limited number of households). In addition, the study used cross-sectional data set which may be limited in capturing all electricity access deficits. Therefore, future studies should focus on robust econometric simulations to estimate the unserved market of electricity in households, eliciting willingness to pay for solar PV systems together with focus group discussions may provide deeper understanding of the market potential, and analysis using panel or time series data may provide very useful insights in assessing how the demand-side and supply-side gaps evolve and impact on the market potential.
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FOOTNOTES
1Standalone solar systems and solar mini-grids
2DFID—Department for International Development, GIZ- (German Corporation for International Cooperation (Deutsche Gesellschaft für Internationale Zusammenarbeit), UNCDF—UN capital Development Fund and USAID- United States Agency for International Development.
3Capacity-ability of the electricity system to provide a certain amount of electricity in order to operate different appliances. Availability-the amount of time during which electricity is available. Reliability-frequency of disruption and duration of disruption of unscheduled outages. Quality-the level and stability of voltage. Affordability-the ability of household to pay for the electricity that they need. Formality of connection-payment for the electricity service. Health and safety—any form of accident due to electricity.
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