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Abstract

The provision of electricity in rural areas has been an outstanding need in trying to achieve the United
Nations sustainable development goals (SDGs) by 2030. However, most sub-Saharan countries have found
this difficult due to financial constraints. Uganda tried to increase rural electrification to more than 20% of
its population by 2020 through Rural Electrification Agency programmes. In an attempt to realise SDGs
and the National Vision by 2040, Uganda is investing more in renewable energy sources, especially solar
photovoltaic mini-grids to ensure that rural areas access affordable, reliable, and sustainable modern
energy. This paper assesses the operation, causes of failure, causes of discomfort for mini-grid connected
customers, and customer behavior of two solar photovoltaic mini-grids located in Kyenjojo District in
western Uganda. It was found that the current energy demand exceeds the generation supply and that the
systems need phase upgrades and clustering to remain economically viable and sustainable. The
methodology involved re-sizing the existing load demand of the connected users, well-designed and
administered questionnaires, analysis of published literature, review of the existing records, and interviews.
Analysis was done in an Excel software program. The paper concludes by identifying the benefits and
challenges of solar photovoltaic mini-grids in Kyenjojo District.
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1. Introduction

Only about 28% of the African population is con-
nected to electricity leading to energy poverty and
slowed economic development in the affected coun-
tries. This has brought attention to investment in
both off-grid and on-grid solutions (Mugagga and
Chamdimba 2019). In Sub-Saharan Africa, it is es-
timated that 675 million people have no access to
electricity, mostly in rural areas (Trotter, Cooper,
and Wilson 2019). This prompted the intervention
of key stakeholders, including development partners
and governments, to provide modern energy ser-
vices, especially in remote areas, hence fulfilling the
United Nations Sustainable Development Goal
(SDG) 7, which requires access to affordable, relia-
ble sustainable, and modern energy for all (Madriz-
vargas et al. 2014)

Uganda the energy challenges of the region. The
country is, however, highly endowed with renewa-
ble energy resources, dominated by solar, hydro,
and biomass (Kavuma, Sandoval, and Jean de Dieu
2021). Uganda’s present generation is mainly from
hydro, supplemented by solar, heavy fuel and co-
generation, as shown in Figure 1.

Although there is limited data to show the statis-
tical contribution of these resources to the national
energy balance, the available information indicates
that about 20% of Uganda’s population has access
to electricity (UOMA 2019). The percentage of the
population accessing electricity is higher in urban ar-
eas, and drops to about 10% outside urban centres.
In June 2016, the Uganda Bureau of Statistics esti-
mated that 20% of Ugandans had access to Electric-
ity. The low electrification rate in the country is
among the major barriers to economic development
and poverty reduction. Most rural communities are
characterised by sparse population density, domi-
nated by domestic consumers with low electricity de-
mand. This makes it financially challenging to bring
national grid extension. Electrifying such communi-
ties attracts the use of decentralised power systems
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such as solar home systems, and mini-grids in com-
munities with clustered settlements (Kaygusuz,
2011). Rural electrification targets dependence on
kerosene and diesel generator sets, aiming to enable
income-generating activities and increase employ-
ment among rural communities. The approach con-
tributes to the government’s development goal to
reduce poverty by improving health and education,
and so helps it to realise Vision 2040(A Transformed
Ugandan Society from a Peasant to a Modern and
Prosperous Country within 30 years) and SDGs
3(Good health and well being), 4(Quality Educa-
tion) and 7(Affordable clean Energy) (MEMD 2015).

Some studies in Uganda indicate that solar pho-
tovoltaics (PV) energy has immense potential to pro-
vide clean energy and address poverty alleviation
issues, thereby fostering social-economic develop-
ment in rural areas (Trotter et al. 2019)(Aarakit et al.
2021)(Avellino et al. 2018).

Energy generated by solar PV is regarded as en-
vironmentally clean, economical, socially beneficial
to rural households (Sharma, Tiwari, and Sood
2012), and sustainable in lighting houses and run-
ning small businesses (GNESD 2007). (Suri et al.
2020) suggest that for countries to achieve 100% of
electricity connectivity by 2030, 70% will be from
mini-grids and other centralised systems such as nu-
clear power plants, wind farms, hydroelectric dams
and solar energy plants. A report from Energy and
Environment Partner also indicate that mini-grids
provide long-term energy solutions and develop-
mental impact of a life span of about 15-25 years
(Peters, Sievert, and Toman 2019).

On the side of costs, mini-grids provide potential
opportunities over grid-connected, such as en-
hanced reliability of supply lower costs, and better
environmental performance in remote areas. The in-
crease in fuel prices and a decrease in the cost of
renewable energy technologies are making mini-grid
development popular in Africa (Lal and Raturi
2012). Decentralised mini-grids are one of the many
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Figure 1: Sources of Uganda’s electricity (Twesigye 2019).
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solutions to electrify rural areas. They fit between
standalone solutions and national grid extensions
(Contejean and Verin 2017). Village-level mini-grids
offer great potential for good quality electricity pro-
vision at a lower cost than grid extension in sparsely
populated areas where demand density is lower
than in more settled areas (Peters et al. 2019).

Uganda’s ambition to achieve a rural electrifica-
tion rate of 26% by 2022 and universal access by
2040, has put more emphasis on the expansion of
mini-grids, by dividing the country into thirteen
scaled-up service territories where long-term electri-
fication service business plans are to be developed.
So far hardly any research has been done on mini-
grid development in Uganda if it comes to detailed
analysis of local context including natural resources,
supply chains, energy demand, and energy policies.
Mishra and Behera (2016) assess the economic and
financial feasibilities of mini-grids based on renewa-
ble energy use and uses energy markets as an off-
grid electrification solution but do not address the
failure and inefficiency of existing mini-grids.

Sendegeya (2009) analyses the economic per-
formance of isolated mini-grids by looking at char-
acteristics of demand and supply and rural electricity
markets but does assess in detail the impact of price
regulation and subsidies on economic performance
and benefits of mini-grids. Fritzsche et al. (2019)
show registered mini-grids in Uganda and projects
that have been implemented and their operation is
conducted non-commercially, leading to poor sys-
tem performance, short life spans, and insufficient
electrification.

The reports by the Ministry of Energy and Min-
eral Development (MEMD), Electricity Regulatory
Agency (ERA), Rural Electrification Agency (REA)
and International Zusammenarbeit (GIZ) have
sketchy information about the operation and
maintenance of mini-grids in Uganda and the failure
rate scenarios (Pérez-Lopez 2020). It is noted that
most of the previous studies mainly focused on
small-scale off-grid and grid extension, looking at
planning, installation, operation, and financing, and
leaving out the cause of failure and customer-based
designs of the rural-based mini-grids. This is seen as
a gap. It is, therefore, necessary to investigate the
feasibility of solar PV renewable energy-based mini-
grids to meet energy demand for newly electrified
rural communities of developing nations. If the tech-
nical, economic, planning and designing of the sys-
tems are not properly assessed, the operation may
be a challenge, especially when the national grids
are extended to the rural communities.

1.1 Overview of energy status in Uganda
The burning of renewable resources provides ap-
proximately 90% of the energy in Uganda. While

much of the hydroelectric potential of the country is
untapped, the government decided to expedite the
creation of domestic petroleum capacity coupled
with the discovery of large petroleum reserves in
western Uganda (Lane et al. 2018). This holds the
promise of a significant change in Uganda's energy
status (MEMD 2007). In 2005 and 2006, low water
levels of Lake Victoria, the main source of the coun-
try's electricity generation potential, led to a genera-
tion shortage and an energy crisis. As a result, the
country experienced frequent and prolonged black-
outs (Government of Uganda 2007).

In February 2015, the electricity-installed capac-
ity was 810 MW with a peak demand of 509.4 MW.
In September 2017, installation capacity had in-
creased to 950 MW and more than 1167 MW by the
end of 2019 with a peak demand of about 625 MW
according to Uganda’s Regulatory Authority (MOF-
PED 2021). The Ministry of Energy has scanty up-
to-date data for other renewable energy sources
such as those of wind, geothermal, tidal, and wave.

1.2 Development of min-grids in Uganda

A mini-grid is defined as a set of electricity genera-
tors and energy storage systems connected to a dis-
tribution network that supplies electricity to a
localized group of customers (Espinar & Didier,
2011). They involve small-scale electricity genera-
tion (10 kW to 10 MW) which serves a limited num-
ber of consumers via a distribution grid that can
operate in isolation from national electricity trans-
mission networks (Bhattacharyya 2018).

This power delivery architecture can be con-
trasted to a single customer system, as in the case of
a solar home systems (SHSs). Where there is no dis-
tribution, networks interconnecting customers may
be difficult. This can be done by connecting to a cen-
tralised grid system where electrical energy is trans-
mitted over large distances from large central
generators where local generators are generally not
capable of meeting the demand (Ocon and
Bertheau 2018; Mahumane and Mulder 2019).

Mini-grids may be designed to interconnect with
the central grid which means it operates under nor-
mal conditions as part of the central grid with dis-
connection occurring only if power quality needs to
be maintained, as for example in the case of a cen-
tral grid failure. Alternatively, a mini-grid may be de-
signed to operate autonomously in a remote
location with the option to connect to a central grid
when grid extension occurs (REA 2013)

The development of mini-grids in areas remote
from the national grid can increase electricity access
in the country (Weston et al. 2016). Since 2000,
Uganda has been implementing rural electrification
projects, mainly hydropower, solar, biomass hybrid
of solar and diesel projects as shown in Table 1.
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Table 1: Examples of mini-grid projects
implemented in Uganda (REA 2013).

Mini-grid Type Capacity (MW)
Wenreco Arua Hydro 3.5
Kisiizi Hydro 0.3
Bwindi Hydro 0.064
Suam Hydro 0.04
Kalangala Hybrid (solar 0.6 (solar); 1
and diesel) (diesel)
Kabunyata Solar 0.0225
Kayanja Solar 0.005
Kanyegaramire Solar 0.0135
Kyamugarura Solar 0.0135
Kitobo Island Solar 0.23
Tiribogo Biomass 0.032
Ssekanyonyi Biomass 0.032

1.3 Location of the study area

Kyamugarura and Kanyegaramire solar PV power
mini-grid systems are located in Kitega Parish,
Bufunjo Sub-county Mwenge County, Kyenjojo Dis-
trict, almost at the same latitude (0.66°N), longitude
(30.86°E), and altitude. They are about 5 km apart.
These projects were co-jointly funded by Energy for
Development (E4D) which provided generation
costs and Rural Electrification (REA) Uganda pro-
vided civil works and distribution costs (UNIDO
2019)(Lakshmi, Ester, and Hebo 2018). When the
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researchers visited the site areas and carried out a
study survey, they realised that there has been a
worry of Kanyegaramire and Kyamugarura mini-
grid users about the continued failure and system
usage inefficiencies. Some of the users have lost
hope in the existing systems and are about to resort
to their former traditional energy sources (some of
the complaints shared with researchers). Following
the high investment expenditure made by the Gov-
ernment of Uganda and the University of South-
ampton, it is not economical to abandon the mini-
grids but rather find out reasons why and be able to
fix the faults and hence sustain the mini-grids.

The population of Kyejonjo District has been
growing steadily, hence impacting heavily on elec-
tricity demand as shown in Figure 3. This population
increase is a clear indication that a reduction in elec-
tricity hour usage is a result of increasing demand
(Lakshmi et al. 2018)(Ouedraogo 2017).

2. Materials and methodology

The research focuses on two mini-grids located in
the villages of Kyamugarura and Kanyegaramire, in
western Uganda. They were commissioned and be-
gan operating in 2016 (UOMA, 2019). In an attempt
to assess their technical performance, the systems
were re-sized by the researchers. The investigation
focused on reliability, dominated by fast load de-
mand. The researchers used and analysed data from
records kept by the Rural Electrification Agency
(REA), reports from ineternational agencies, and
published data in literature about the case study area.
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Figure 2: Map of Kyejonjo District showing the case study area.
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Figure 3: Kyenjojo District population, 2015-2020 (Uganda Bureau of Statistics, 2020).

about the case study area. Load demand analysis
was done by carrying out sizing of existing electrical
systems of the people connected to the mini-grids by
considering the average values. The questionnaire
was designed to capture the status of livelihoods of
the people connected to the mini-grids by looking at
earning and spending behaviours, ability to pay for
electricity bills and other essential needs. The com-
plaints about the mini-grid systemes were obtained
directly from personal interaction. The results were
analysed using Excel (Berk 1999)

Five steps were followed to re-size existing sys-
tems by using customer power usage practices
(Hankins 2010):

e Estimating electric loads on both mini-
grids.

e Sizing and specifying batteries.

e Sizing and specifying an array.

e Sizing and specifying the features of a con-
troller.

e Sizing and specifying the features of the in-
verter.

The sizing of the system followed the following
procendure.

Battery sizing

a) Average Amp-hours/day = AC average load/in-
verter efficiency/system voltage

b) Batteries in parallel = Average amp hours per
day x days of autonomy/discharge limit/battery
capacity

c) Batteries in series = DC system voltage/ battery
voltage

d) Total number of batteries = Batteries in parallel
x batteries in series

Array sizing

a) Array peak Amps = Average amp hours per
day/battery efficiency/peak sun hours a day

b) Modules in parallel = Array peak amps/peak
amps per module

c) Modules in series = DC system voltage/ Nomi-
nal voltage

d) Total number = modules in parallel X modules
in series

Charge controller sizing

Assume system losses to be at 25% so that the safety
factor is at 125%. System losses are included in the
sizing calculations because they affect the proper siz-
ing of the PV array. Other losses catered for are wire
and connection losses, parasitic losses, battery
charge and discharge losses, dust on the array, and
inverter losses (Khaligh & Onar, 2017).

Array short circuit current = module short circuit
current x No of modules in parallel 1.25

Inverter sizing
DC amps = AC total wattage/DC system voltage

3. Research findings

In the case study areas, most of the consumers are
domestic, doubling the business consumers, as
shown in Table 2.

Table 2: Number of connected consumers
Mini-grid

No. of Domestic Commer-

clients (%) cial (%)
Kanyegaramire 79 68 32
Kyamugarura 65 70 30

Kanyegaramire has approximately 79 customers,
32% commercial (dominated by small retail shops)
and 68% households. Kyamugarura has 65 custom-
ers, 30% commercial (dominated by small retail
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shops) and 70% households. The households pre-
dominantly have ‘Life-line’ needs of about 2-3 kWh
per month for three LED lights, a radio, and mobile
phone-charging.

Kyamugarura and Kanyegaramire villages have
household occupancy ranging from four to seven
people.There are both extended and nuclear fami-
lies in individual houses. The demography is based
on the national population census (UBOS 2017).
The population of females is dominant and the
youth number is significantly larger. The primary oc-
cupation is mainly subsistence agriculture (69%),
and small businesses are dominated by retail shops
(27%). The common crops grown in the area in-
clude maize, potato, beans, and bananas, dominat-
ing most of the land.

The type of buildings (i.e. materials used) was as-
sessed to establish the permanence of occupation,
and long-term use of electricity, and safety. The
safety of installation depends on the type of struc-
ture, which also reflects the strength of the buildings.
The materials used in developing buildings include
bricks, wooden structures, concrete, and clay, metal,
and grass/straw/hay.

Besides electricity from the solar PV mini-grids,
people still use other sources to meet competing ser-
vices, including kerosene for lighting and dry cells in
radios and torches. Also, SHSs and solar lanterns
are widely available in local shops. The percentage
of people using kerosene is very low.

The two communities share public schools,
health centres, and street lighting. People also enjoy
the same services from shops, local restaurants, en-
tertainment places, tailors, barbers, etc. Welding and
fabrication, food-processing like milling and milk-
coolers are potential economic activities in waiting
due to uncertainty of power supply.

Most customers do not keep records of their power

consumption and a regular pattern followed to pur-
chase units from the operator. The only information
available is directly obtained from the operator
about the original installation for the clients. The fol-
lowing observations were made from electricity us-
ers:

e Each user has two sockets installed, but they se-
cure power extensions to increase the socket
distribution.

e  Most of them have three lighting points, though
others after the initial installation expanded the
lighting points.

e Some consumers have TVs and they claim that
they purchased them after the initial installation.

e People are already frustrated about the unrelia-
bility of the supply.

The load profile was to be developed after con-
sidering the different categories of consumers as

shown in Table 3.

3.1 Rating capacity of mini-grid systems in the case

study area

The power plants at both sites are the same. Power
plant category solar PV plant with installed capacity
for panels of 13.5 kW, 54 modules each at 250Wp.
The inverter size is 10 000 VA, 2 inverters of
5 000VA, 48V and a storage capacity of 24 batteries
of 800 Ah, 2V. The generated energy capacity for
each mini-grid is 38.4 kWh. The grid networks in
both areas are standard single-phase AC 240 volts
power networks for low-voltage consumers. The in-
stallation was designed following the standard grid
codes of the country.

4. Results and discussions

By applying the methodology given and input data
presented in Tables 4 and 5, the steps listed below
are taken.

Table 3: Electricity usage in Kanyegaramire and Kyamugarura.

Type of client Type of business Activities Observable points
Domestic Living house Lighting Lighting and phone charg-
Kitchen Playing radios ing most dominant
Phone charging
Television watching
Commercial Retail shops Lighting, refrigeration, Due to high demand, the
Saloons haircutting and hair dry- | operation period is limited
Bars ing, phone charging, to a few hours, bringing
heaters, printing and discomfort to community
Schools . . L
) photocopying television livelihoods
Worship places watching, machine oper-
Health centres ation, cooling systems e.g
Food processing unit fans and ICT facilities
Entertainment rooms
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Table 4: Load analysis at Kanyegaramire solar PV mini-grid

Appliance Quantity Users  Wattage Total wattage Hours No of Total watt-  Av. watt
used/day  days/week  hours/week  hrs/day/7
Domestic (68%)
Light bulbs 4 54 11 2 376 4 7 66 528 9504
Mobile 2 54 5 540 3 4 6 80 925.71
phones
Radio 54 25 1350 7 7 66 150 9450
vV 1 40 60 2 400 3 5 36 000 5142.86
Commercial (32%)
DVD player 1 25 40 1 000 4 3 12 000 1714.29
TV 1 25 60 1500 3 3 13 500 1928.57
Fan 1 20 40 800 3 3 7 200 1028.57
Fridge 1 15 120 1 800 2 2 7 200 1028.57
Computer 1 10 225 2250 5 3 56 250 8 035.71
Printer 1 3 240 720 1 3 2160 308.57
Photocopier 1 2 240 480 1 2 960 137.14
15216 39 203.99

4.1 Kanyegaramire mini-grid with 79
connected customers

Electric load estimation analysis
AC total connected watts is 15 216 W, AC average
daily load 39 203.99 Whr/day.

a) Average amp-hours/day = AC average load/in-
verter efficiency/system voltage (1)
= 39 203.99/0.9/48 = 907.5Ahr/day

b) Batteries in parallel = Average amp hours per day
x days of autonomy/discharge limit/battery capacity
(2)
Batteries in parallel = 907.5 x 3/0.5/800
= 6.81 = 7 batteries
Batteries in series = DC system voltage/ battery
volt (3)
= 48/6 = 8 batteries
Total number of batteries = Batteries in parallel
x batteries in series (4)
= 7 x 8 = 56 batteries

Array sizing data
Available data:

e Battery efficiency: 80%
Peak sun hours: 4 hours
Short circuit current: 8.85 A
Maximum power current: 8.31 A
Open circuit voltage: 37.5V
Nominal voltage: 24 V

a) Array peak amps = Average amp hours per
day/battery efficiency/peak sun hours a day (5)
= 907.5/0.8/4 = 283.59A/day

b) Modules in parallel = Array peak amps/peak
amps per module (6)
= 283.59/8.31 = 34 modules

¢) Modules in series = DC system voltage/ Nominal
voltage (7)
= 48/24 = 2 modules

d) Total number = modules in parallel x modules in
series (8)
=34x2 =68

Charge controller sizing
Assume system losses to be at 25% so that the safety
factor is 125%.

Array short circuit current = module short circuit

current x No of modules in parallel x 1.25 (9)
=8.85x%x34x125=376.125A

Therefore, controller array amps are approximately

400 A.

Inverter sizing

AC total wattage is 15 216 W

DC system voltage is 48 V

DC amps = AC total wattage/DC system voltage (1)
= 15216/48 = 317 A
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Table 5: Load analysis at Kyamugarura solar PV mini-grid

Appliance  Quantity Users Wattage Total watt- Hours No of Total watt-  Av. watt
age used/day days/week hours/week  hrs/day/7
Domestic (70%)
Light bulbs 5 45 11 2475 4 7 69 300 9900
Mobile 2 45 5 450 3 4 5400 771.43
phones
Radio 1 45 25 1125 7 7 55125 7875
™V 1 30 60 1 800 3 5 27 000 3857.14
Commercial (30%)
DVD player 1 20 40 800 4 3 9 600 1371.43
TV 1 20 60 1200 3 3 10 800 1542.86
Fan 1 18 40 720 3 3 6 480 925.71
Fridge 1 12 120 1440 2 2 5 760 822.86
Computer 1 10 225 2250 5 3 33 750 4821.43
Printer 1 5 240 1200 1 3 3 600 514.25
Photocopier 1 2 240 480 1 2 9260 137.14
13 940 32 539.29

4.2 Kyamugarura solar PV mini-grid with 65
connected customers
AC total connected watts is 13 940 W; AC average
daily load is 32 539.29 Wh/day.

Note that specifications of solar equipment at
Kanyegaramire are similar to those at Kyamugarura

Battery sizing
a) Average amp-hours/day = 32 539.29/0.9/48
from Equation 1

= 753.22 Ahrs/day
b) Batteries in parallel= 753.22 x 3/0.5/800 from
Equation 2

= 5.65 = 6 batteries
c) Batteries in series = 48/6 from Equation 3

= 8 batteries
d) Total number of batteries = 6 x 8 from Equation
4

= 48 batteries

Array sizing
a) Array peak amps = 753.22/0.8/4 from Equation
5

= 235.38 A/day
b) Modules in parallel = 235.38/8.31 from Equation
6

= 28.3= 29 modules
c) Modules in series = 48 /24 from Equation 7

= 2 modules

d) Total number of modules = 29 x 2 from Equation
8

= 58 modules

Charge controller sizing
Array short circuit amps= 8.85 x 29 x 1.25 from
Equation 9
=320.8A
Therefore, controller array amps are approximately

321A

Inverter sizing

AC total wattage is 13 940 W

DC voltage 48 V

DC amps = 13 940/48 from Equation 10
=29042 A

The findings show that, if the existing customers
were to be served better to meet their electricity de-
mands, the installed capacity for Kanyegaramire
and Kyamugarura would have been 17.0 kWp and
14. 5kWp respectively. The difference between 3.5
kWp and 1 kWp respectively is a cause of load shed-
ding due to insufficient power supply. 68 solar mod-
ules and 56 solar batteries would be needed for an
energy storage capacity of 39.2 kWh to meet the
current demand at Kanyegaramire, and 56 modules
and 48 batteries for battery storage capacity of
32.51 kWh at Kyamugarura.
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Approximately four and three inverters of 5 kW
are needed for conversion of DC to AC at Kanye-
garamire and Kyamugarura respectively instead of
the two inverters of 5 kW that are installed. This
clearly shows that demand has exceeded supply and
this has overstressed the system. As the result, the
storage system has failed with the supply experi-
enced for very few hours daily. On rainy days the
supply is not guaranteed. This explains the discom-
fort amongst customers connected to the mini-grids.

However, the introduction of mini-grids in the
two villages has demonstrated the importance of
electricity. The demand for electricity services has in-
creased for both domestic and business use. There
is an increase in connectivity applications. The cur-
rent system cannot cater for the increased demand.
It is therefore necessary to upgrade the system in
terms of capacity and phase and if possible cluster
the two mini-grids.

4.3 Electricity usage in the study areas
The monthly electricity bills for users are shown in

Figure 5. It is observed that there no customers who
pay less than 1 000 shillings per month and the ma-
jority pay less than 10 000 shillings a month. The
two isolated cases that pay 80 000-100 000 use
fridges and television sets.

The use of television sets in the area was also as-
sessed, and is shown in Figure 6. The number of TV
users increases from 08 a.m. to 10 p.m. and then
drops again. This is because during the day there a
few customers who own businesses like kiosks, sa-
loons, and entertainment rooms that use TV sets.
From 8 p.m. to 10 p.m. usage increases greatly be-
cause of news broadcasts and relaxation, until the
hourse of sleping, after 10 p.m.

There are also households with several lights, a
radio or stereo system and a TV. The use of satellite
TVs is rstricted to a few households and selected en-
tertainment centres. The largest consumers are the
houses of the wealthiest consumers, using lights, ra-
dio, TV, fans, fridges, deep freezers and computers.

The trend of business growth in the area is shown
in Figure 7.
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Figure 8: Average monthly income.

It is notable that the mini-grids started operation
in 2016, since when the rate at which businesses
commenced increased Between 2018 and 2020
about 42% of the businesses opened. This indicates
that electrification in the area facilitated economic

growth. The operation of various businesses was as-
sessed according to monthly revenues and earnings.
Average monthly incomes for different percentage
of consumers, mainly business electricity users, are
summarised in Figure 8.
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More than 90% of the respondents earn less than
four million shillings per month from the businesses.
The majority earn 0.5 million or less. Those with
businesses in the trading centres earn between one
and three million. The common operation hours of
the daily business are 8 am to 5 pm. Some shops
and entertainment centres operate up to 10 pm and
can operate throughout the week.

The research team wanted to know their sources
of electricity despite having mini-grids in the area,
and found that no domestic customer uses a gener-
ator, and some businesses would not use generators,
because the expenditure on fuel and maintenance
would exceed the income anticipated, as shown in
Figure 9. About 25% of the people use SHSs, and
the majority, about 74%, are connected to the mini-
grids.

4.4 Demand load profiles for the case study
villages

Load profiles are required to plan and size a power
system network, such as the mini-grids. The load
profiles were developed based on the data obtained
from the field and after interacting with electricity us-
ers in the areas. The number of appliances and rat-
ings for each customer was determined from the

field survey and information provided by the users.
In some situations, the number of lights (indoor and
security) per customer was estimated as 3, based on
the number of rooms in rural homes, and the num-
ber of lights for health centres was assumed to be 3—
5, based on the observations made during the field
trips to the case study villages. This load profile does
not include the load consumption of welding ma-
chines, photocopiers, desktop computers, cutters,
grinders, water pumps, music systems, and street
lighting, because information about them was
scanty.

The load curve is important information for the
design process of a suitable power supply of a settle-
ment, as well as for the further understanding of the
electricity consumption behavior as shown in Figure
10.

The load profile for the two villages combined is
developed using the data obtained from the field.
The interview was administered for about 80 users.
The villages have close to 150 users, according to
the information obtained from the operators. The
load profile is estimated using the average load con-
sumption for key appliances (lighting, TVs, and re-
frigeration). The average wattage for the appliances
for the load is 0.055 kW.
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The developed daily load profile shows an even-
ing peak demand with low demand during the day-
time (see Figure 10). Based on the assumptions and
estimates given, the peak demand is close to 2.5 kW.
The lowest consumption demand is 0.06 kW and
the highest is 2.2 kW from 8-10 a.m. and 8-10 p.m.
respectively. From 6-10 p.m. people are at home
and awake, using lights and various appliances like
TVs and radios, leading to peak demand. During the
day, the demand is only registered at work places.

4.5 Benefits and challeges

The researchers noted that the provision of electric-
ity by mini-grids provided sustainable benefits to ru-
ral communities, as reported in Table 6. Despite
these notable benefits, the two mini-grids face some
notable challenges that limit their proper operation,
maintenance and proper planning, thus hindering
the development and upgrade of the mini-grids, as
shown in Table 7.

Table 6: Notable benefits of mini-grids.

SIN Notable benefit

Indicators to justify the benefit

1 Improved life style

No more use of kerosene tadobas and candles

Reduction in movement, hence reduced transport expenses

Increased entertainment centres

Improved and increased number of restaurants and hotels

Availability of dry cleaning services

Security light to scare away thieves and animals

Increase of TV sets and use of social media

2 Improved education services

Online teaching and learning

Powerpoint presentations

Extension of reading hours

Shift from typewriting to photocopying and printing services

Reduced eye defects

3 Improved household income

Increased sales of goods and services

Extended hours of business opening

Use of refrigerator for storing food

Increased mobile money banking

Reduced transport expenses (goods and services available)

Phone charging services

4 Improved health services

Wearing ironed clothes

Keeping places of convenience clean due to light

Preservation of drugs and sharp instruments

Reduction in the spread of mosquitoes

Increased number of health centres in the area

5 Increased food security

Electric sharpening of hoes and pangas to improve farming

Preservation of agricultural products like meat, milk and fruit juice

Electric maize-grinding mills for flour production

6 Increased number of business
opportunities

Exsistence of entertainment centres and sports betting centres
Welding workshops

Carpentry workshops

Grocery shops

Charging centres for phones and rechargeable electric lamps
Poultry-keeping, especiary bloirers which need warmth
Diary shops

Saloons and kiosks

Improved environmental
protection

Reduction in use of diesel generators
Minimised use of kerosene lamps and candles
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Table 7: Notable challenges of mini-grids.

S/IN Challenge

Indicators to justify the challenge

1  Affordability of electricity bills

Delays in electricity bill payment

Part payments

Number of applicants to get connected

2 Security concern in the area

Theft of electric wires, bulbs and meters

Inadquate police posts in the area

3  Managed by a cooperative society

Delays in making technical decisions

Delays in consultative meetings

4  Interfearence of wild birds

Birds build their nests around the meters, which makes

maintenance difficult

5 Need for improved record keeping

Records are mixed up and are kept in hard copy files

6  Lack of trained technicians in mini-
grid operation and maintenance

Failure to troubleshoot in time unexpected faults on line
equipment and consumption units

5. Conclusion

Solar photovoltaic mini-grids are low maintenance,
versatile solutions to the needs of any off-grid appli-
cation. Kanyegaramire and Kyamugarura mini-grids
have proven to be reliable, cost-effective alternatives
to conventional power and the right choice to re-
place the noisy, unreliable generators commonly
used in remote areas.

In both areas a connection fee of UGX 140 000
(approximately USD 39) is charged to each cus-
tomer and is inclusive of house wiring, bulbs, meters
and sockets. The customer then pays for the energy
used. The tariff is UGX 1000 per kWh (approxi-
mately USD 0.28), paid cash and offered a token on
a smart card for the prepaid meters. The system
avoids billing costs and prevents arrears. Revenue
collection is accomplished by a permanent staff em-
ployed by the village cooperative.

According to the analysis made in this study, the
system needs upgrade from the exsisting 54 solar
modules to 64, from 24 batteries to 56, from 2 in-
verters of 5 kW capacity to 4 at Kanyegaramire and
58 solar modules, 48 batteries, 3 inverters of 5 kW
capacity at Kyamugarura, to cater for increasing de-
mand and avoid constant load shedding.

The peak demand was found out to be from 5-
10 p.m., with low demand from 7-2 p.m.

The mini-grid systems at the two sites can easily
be adopted for clustering and eventually for inter-
connection to the national grid to meet the demand
and supply aggregation to ensure economies of
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