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ABSTRACT

The governmental electric utility and the private sector are joining hands to meet the target of electrifying all
households by 2024. However, the aforementioned goal is challenged by households that are scattered in remote
areas. So far, Solar Home Systems (SHS) have mostly been applied to increase electricity access in rural areas. SHSs
have continuous constraints to meet electricity demands and cannot run income-generating activities. The current
research presents the feasibility study of electrifying Remera village with the smart microgrid as a case study. The
renewable energy resources available in Remera are the key sources of electricity in that village. The generation
capacity is estimated based on the load profile. The microgrid configurations are simulated with HOMER, and the
genetic algorithm is used to analyze the optimum cost. By analyzing the impact of operation and maintenance costs,
the results show that the absence of subsidies increases the levelized cost of electricity (COE) five times greater than
the electricity price from the public utility. The microgrid made up of PV, diesel generator, and batteries proved to
be the most viable solution and ensured continuous power supply to customers. By considering the subsidies, COE
reaches 0.186 $/kWh, a competitive price with electricity from public utilities in Rwanda.
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Nomenclature

COE Levelized cost of electricity
NPC Total Net Present Cost

$ US Dollar

MV Medium Voltage

1 Introduction

Electrical energy is a pillar of economic development in the world [1-3]. In that regard, the
Government of Rwanda (GoR) has set an ambitious goal of electrifying all households (100%)
by 2024 whereby 48% of the total households will have a connection through the off-grid system,
through both standalone solar home systems (SHS) and microgrids [4]. So far, the SHSs are being
applied to increase access to electricity in Rwanda as they offer various advantages including the
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possibility of electrifying many households at a low initial cost, less qualified technician requirements
for distribution and installation of SHSs, absence of tariff schemes as well as low initial investment to
electrifying rural communities with low population densities [5]. However, SHSs have limitations which
puts a curb on the economic development of the population. They cannot support high power demand
activities leading to poor reliability. As such, SHSs have little impact on the health, education, and
business sectors. Smart Micro Grid development is a good alternative to rural electrification to ensure
continuous electricity supply, economic benefits, and clean energy to customers in rural communities
of Rwanda [0,7]. The end-users benefit greatly from a well-designed and well-managed microgrid based
on optimum running costs. To satisfy the electricity load demand with improved reliability, the smart
microgrid will have more than one type of electrical energy source. The smart microgrid increases the
use of renewable energy sources available in Remera village. Real-time energy consumption tracking
for effective electricity utilization monitoring is proposed and this will be implemented by using smart
meters to manage electricity usage more smartly.

Many authors researched the use of microgrids in rural communities. The research findings
provide an overview of the possibilities of modeling sustainable mini-grids, a Rolling-horizon dispatch
strategy comparing the PV and diesel sources of electricity; Suggestion of a cycle-charging dispatch
strategy. Gaps have been identified in the past research as summarized in Table 1.

Table 1: Findings and gaps from related research

Literature Achievements Strengths Gaps

Alonso et al. “The
potential forsolar-diesel
hybrid mini-grids in
refugee camps: A case
study of Nyabiheke camp,
Rwanda,” 2021 [§]

Fioriti et al. “Stochastic
sizing of isolated rural
mini-grids, including
effects of fuel procurement
and operational
strategies,” 2018 [9]
Bedadi et al. “Design and
optimization of off-grid
hybrid renewable power
plant with storage system
for rural area in Rwanda,”
2021 [10]

The system with total cost
and emissions reductions
to 32% and 83%,
respectively

Stochastic sizing to
capture load uncertainties
like solar generation and
fuel procurement time

Designed cost-effective
PV/Hydro/Battery for
Wimana Village

Gives an informative
overview of the
possibilities of modeling
sustainable mini-grids

Rolling-horizon dispatch
strategy comparing the PV
and diesel sources of
electricity

Suggested cycle-charging
dispatch strategy

B Lack of discussion
of dispatch strategy,
B The impact of the
fixed capital or O&M
costs was not analyzed
B Lack of the
sensitivity analysis

B Different dispatch
strategies were not
compared

B Lack of the
sensitivity analysis

B Different dispatch
strategies were not
compared

B Impact of the fixed
capital or O&M costs
was not analyzed

B Lack of the
sensitivity analysis

The current research adopts an approach centered on integrating smart technologies into the
management of Smart Micro Grid Energy Systems. This approach enables customers to track their
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energy use through mobile apps and predict future needs. It analyzes the collaboration between gov-
ernmental electric utilities and the private sector to tackle electrification challenges, primarily through
subsidies aimed at significantly reducing the levelized cost of electricity (COE). This aims to enhance
the competitiveness of microgrids compared to grid-supplied systems. Furthermore, the utilization of
HOMER as a simulation tool, genetic algorithms for optimizing microgrid configurations, and cost
analysis represents a novel methodology for designing efficient and cost-effective energy solutions with
the flexibility to evaluate various scenarios leading to the identification of the most viable options for
electrification projects.

2 Electrification Road Plan in Rwanda

The National Electrification Plan (NEP) report conducted in 2018 indicated the number of villages
and the corresponding number of customers in each village, which will be connected to the off-grid
scheme. Table 2 indicates that out of 14,816 villages; 2,488 villages will be connected on off-grid.
Table 3 shows that in total; 221,142 households will be electrified via the off-grid scheme. Where the
medium voltage (MV) lines are crossing, customers can be electrified via the grid.

Table 2: Number of villages per electrification scheme in Rwanda

Count of category Column labels

Row labels Crossed by MV Grid extension Off-grid Grand total
City of Kigali 4 1,133 26 1,163
Eastern province 477 2,671 643 3,791
Northern province 351 1,849 544 2,744
Southern province 499 2,242 760 3,501
Western province 389 2,713 515 3,617
Grand total 1,720 10,608 2,488 14,816

Table 3: Number of customers per electrification scheme

Sum of number of customers Column labels

Row labels Crossed by MV Grid extension Off grid Grand total
City of Kigali 730 139,970 3,985 44,685
Eastern province 81,983 406,683 18,592 607,258
Northern province 59,482 305,628 82,643 447,753
Southern province 78,734 364,442 23,464 566,640
Western province 70,638 460,483 92,458 623,579

Grand total 291,567 1,677,206 221,142 2,389,915
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3 Smart Microgrid Architecture

Smart microgrids represent compact, low-voltage electrical networks utilizing renewable energy
sources to power both controllable and non-controllable loads. These systems necessitate a sophisti-
cated management infrastructure capable of overseeing, directing, and optimizing their performance
to ensure efficiency, cost-effectiveness, and reliability [1 1]. Typically, a microgrid’s energy management
operates across three hierarchical levels. The primary level focuses on local control of generation
units, the secondary level addresses primary deviations in key variables like frequency and voltage,
and the tertiary level, also known as the energy management system (EMS), adds intelligence to
facilitate optimal power flow coordination. This article’s focus lies specifically on the tertiary level.
The primary functions of an EMS include enhancing energy availability for each customer to bolster
system reliability, Reducing energy losses and operational expenses, and Optimizing the utilization
of renewable energy resources. The Smart Microgrid Architectural Model, developed by the Smart
Grids Coordination Group of the European Committee for Electrotechnical Standardization CEN-
CENELEC-ETSI, serves as a framework for smart microgrid architectures [12,13].

The layers, domains, and zones presented in Fig. | illustrate how smart microgrids are a total
solution to modern energy systems that embed distributed generation renewable sources and business
models. For efficiency, reliability, and customer convenience, there are smart operation systems,
which monitor and control the systems. The component layer is the physical device which is smart
and able to communicate on the respective layer. The communication layer can be split into a
physical and a logical layer that must fit each other. The information layer contains data models
and information objects, which form the semantics for interoperability. Finally, the function layer
describes functions and services provided within a smart grid independent of their implementation.
Interoperability with SCADA functions for control, notification, and others is required. The top
layer describes the exchange of information from the business administrative perspective. The smart
microgrid for Remera Village is based on location and remote microgrid type using an AC distribution
system. Genetic algorithms for optimizing microgrid configurations are selected. This proposed GA
approach was generated to lower the microgrid system’s cost. Using the genetic algorithm approach,
we investigated the energy management of a freestanding hybrid microgrid that included solar panels,
a diesel generator, and a battery. The model of the Remera village case study was represented and
simulated in Homer. The data related to the generation of energy, LCOE, operation, and reliability
constraints of the network are forecasted.

4 Research Methodology

The current research focuses on the electrification of one village, which is planned to be electrified
using an off-grid scheme. Remera Village in the Northern Province was selected as it must be off-
grid electrified as per the requirement of the government electrification plan. The village has 224
households. Based on daily load profiles, the maximum load demand of the selected site is estimated,
taking into consideration the utilization and simultaneity factors. The potential renewable energy
resources available in Remera village were assessed, and those that are abundant in the village and
have no conflict of interest with other investors were identified. The optimum running cost of the smart
microgrid was analyzed using Homer software, and a generic algorithm was applied. The continuous
electricity supply is an added feature, which is considered as it is one of the important indicators of
smart microgrid reliability. Fig. 2 summarizes the research methodology applied in this article.
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Figure 1: Smart microgrid architecture

4.1 Renewable Energy Resource Assessment in Remera Village

The geographical coordinates of Remera village are 1°32'11.328"S latitude and 29°43'29.64"E
longitude. The village has renewable energy resources mostly solar and hydro sources. PVGIS2016
provided the global horizontal irradiation and ambient temperature as shown in Fig. 3, the blue curved
horizontal line presents the day-to-day ambient temperature with an average of 20.51°C over the year.
The vertical orange lines represent the available average daily solar insolation in kWh/m?*/day for a
year, which ranges between 4.5 and 5.5 kWh/m?*/day.

In Remera Village, there are two lakes, Ruhondo and Burera, which serve as the sources for the
Mukungwa and Ntaruka Hydropower plants. However, Rwanda faced a hydrological vulnerability,
which caused an electricity supply crisis [14,15]. The latter caused a sharp decline in Ntaruka and
Mukungwa hydropower station’s generation capacities, which provided 90% of the country’s electricity.
The main cause of Ntaruka’s reduced electricity generation was attributed to a significant drop in the
depth of Lake Burera, which acts as the station’s reservoir. In response to this electricity crisis, the
GoR sought to restore the degraded Burera and Ruhondo lakes by banning all activities involving
the use of water from the aforementioned reservoirs. Therefore, the current research did not opt to
use any portion of water from Ruhondo and Burera lakes for the generation of electricity. There
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is no potential wind that can be exploited for electricity generation. Therefore, only solar energy is

considered a viable potential renewable energy source in this village.

Site selection

v
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Figure 2: Diagram of applied research methodology

GHIin kWh/m?/day
O B N W s U 0

= [ N w
(%] o w o
Temperature in °C

=
(=]

5
0
N FeRbR2S8dN2INERBASHALIRRLERS 933
o e EH A A A AN NN NN NN NM oM om m
Days for one year
=1 Daily Gloabal Horizontal irradiation(kWh/m?/day) —— Ambient temperature(°C)

Figure 3: Monthly radiation in Remera village

4.2 Remera Village Load Profile

The electricity demand in rural areas is much less than the demand in urban centers [16-19]. On
the domestic level, electricity is used to power domestic appliances like radio, television, light lamps,
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refrigerators, computers, ceiling fans, an iron, and cell phones. The electricity is also used to power rural
community halls, commercial, and small-scale industrial activities, but these are not covered in this
current research. The maximum peak demand for the whole village is estimated in Table 4. Utilization
and simultaneity factors are considered aiming at avoiding the risk of oversizing the electricity sources
and cables. In normal operating conditions the power consumption of a load is sometimes less than
that indicated as its nominal power rating, a fairly common occurrence that justifies the application of
a utilization factor in the estimation of realistic values. In addition, it is known that the simultaneous
operation of all installed loads of a given installation never occurs in practice. After applying the
aforementioned factors to the total installed power, it was found that the maximum peak demand for
the whole village is estimated at 20.2 kW. This is also used to calculate the daily energy demand. The
load profile is depicted in Fig. 4.

Table 4: Assumptions of daily consumption for the selected community

Appliance  Quantity/ Unit power Total Power/ Total Utilization Total power Simultan-  Total Simultan- Total maxi-
household (W) category installed  factor W) eity factor  power (W) eity factor mum peak
(\W) power for based on for the demand for
the village category whole village the
W) village (W)
Lamps 4 8 32 7168
Cell phones 1 5 5 1120 1.0 36288 0.4 14515
Radio 1 50 50 11200
Television 1 75 75 16800
Computer 1 250 250 56000 0.5 20250
Refrigerator 1 200 200 44800 0.8 259840 0.1 25984
Iron 1 1000 1000 224000

Remera Village Load Profile
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Figure 4: Remera village load profile

The maximum load demand occurs between 6:00 and 10:00 PM when lighting circuits are
operating as shown in Fig. 4.

The maximum load demand is estimated at 20.2 kW and off-grid renewable energy-based power
systems cannot provide this level of continuous supply of electricity without a storage medium. To
ensure the continuity of power supply, the diesel generator is added to the micro grid system.
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4.3 Smart Micro Grid Configuration for Remera Village

In designing the operational smart micro grid, the designer shall consider the capital expenditure
related to purchasing equipment, plots, power plant, and building construction. The cost of operating,
controlling, real-time electricity consumption monitoring, and maintaining the smart micro grid is
considered [20]. The main components of the smart micro grid are photovoltaic (PV) generators,
electricity storage systems, and diesel-fired generators. A smart bidirectional converter is required to
convert DC to AC energy and vice versa. The smartness of the converter relies on the ability of the
inverter to control the overcharging and excess discharge of the storage batteries. Diesel diesel-fired
generator is used only during peak hours to satisfy the increased load demand. For the rest of the time,
PV generators and batteries supply the loads. The running optimum cost of the smart grid described
in this research depends on performance and the cost of smart grid components [21]. HOMER will
deal with the optimal system and specify the placement of the array [22]. The PV cost is proportional
to the size of the system [23]. The default prices of 72 Poly-crystalline Solar Panel Canadian Solar
Max-Power CS6X-325P, converter, and battery are indicated by Homer. In this project, a generator of
10 kW initially costs $7,000, $6,500 for replacement, and $0.70/h for O&M [24]. The arrangement of
the described micro grid components is shown in Fig. 5.

PV module
AC Bus DC Bus

/ ¥
| 5 Loads

Diesel-fired
generator

A

Nz e Y

-_ Bi-directional Ban !
charge attery storage

controller

Bidirectional
Converter

Figure 5: Micro grid model

4.4 Operation and Maintenance of Diesel-Fired Generators

The monthly fuel cost of generators is primarily dependent on the size of the generator and the
brand of the generator. In this research, the fuel price is considered to be $1.6 per litter in Rwanda. The
selected size of a generator is 10 kW as it is indicated in Section 4.3 above. A generator’s life expectancy
is an essential factor to consider when investing in backup power systems. The life expectancy depends
on daily running hours and other various aspects including maintenance schemes [25]. Adherence to
routine and corrective maintenance plans is the best way to manage the life expectancy and efficiency
of diesel-fired generators [26]. The estimated costs corresponding with the maintenance service time
are shown in Table 5.
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Table 5: Service time and estimated costs

Service time Estimated cost ($)
Daily 35-70

Weekly 70-140

Monthly 140-280

Twice a year 280-560

Yearly 1030-2060

4.5 Estimated Cost and Life Expectance of the Smart Micro Grid in Remera Village

The cost estimation is presented in Table 6. It comprises the total capital expenditure, operation,
and maintenance expenditure. The capital expenditure of the system consists of the amount of money
invested for the development of the smart microgrid facility until it is commissioned. It also considers
the construction of three-phase distribution power lines at a radius of four kilometers in Remera
village, and the payment of experts and technicians involved in all construction activities of the smart
microgrid. The capital expenditure which is also taken as fixed capital cost is estimated at $40,000.
The operation and maintenance expenditure consists of the amount of money spent on diesel fuel,
salaries of workers, and insurance costs. It is estimated at $4,000 per year. For proper analysis of the
optimum running cost of the smart microgrid, the current research considers the possible lifetime of the
power plant as one entity, taking into consideration the replacement of some components, technology
evolvement, economic development in the country, and the payback requirements of smart microgrids
[27]. During the simulation with Homer, the life expectancy of twenty years was considered.

Table 6: The summary of the costs of components and other relevant costs

Component Capacity Capital cost ($) Replacement cost (§)  O&M (§)
PV system 40 kW 22,770 19,077 1231
Battery 260 Ah 2,400 2,400 60
Generator 10 kW 7,000 6,500 0.7
Inverter/Charger 3 kW 465 465 15

4.6 Mathematical Analysis of LCOE

The overall Net Present Cost (NPC) of the system comprises the variance between the present
values of all costs incurred throughout the project’s lifespan and the present values of all revenue
generated during the project’s lifespan. The Eq. (1) illustrates the present value of the costs that will
have been made after n-year:

14+77"
CNP(':C|:1+d] (1)

where i’ stands for the annual inflation rate (%) and d stands for the nominal interest rate (%).




1814 EE, 2024, vol.121, no.7

To determine the LCOE, it is necessary to convert the total NPC of the project into a series of
equal annual cash flows, referred to as the total annualized cost, as calculated by Eq. (2).

Total annaized cost (i) = NPC x CPF 2)
year
Here, CPF represents the capital recovery factor, which is determined by the use of Eq. (3).
. 1 ~ N
cpr=10FD (3)
1+

where N represents the number of years and i stands for the real interest rate.

In this analysis, the project’s duration examined is 20 years, thus N equals 20. The real interest
rate is calculated based on the nominal interest rate (d) and the annual inflation rate (i'), as depicted
in Eq. (4).

,od—1T
1 =
147

(4)

The levelized cost of electricity denotes the cost per kWh of electrical energy. The Eq. (5) illustrates
the computation of LCOE.
Total annualized cost ($/year)

LCOE =
Annual load served (kWh/year)

)

5 Integration of Smart Metering System for Real-Time Monitoring of Electricity Consumption

The smart metering system is integrated into the microgrid to enable the smart management of
electrical energy in the microgrid. Electricity consumption is monitored on the load side, and customers
can manage their electricity demand all the time. Energy consumption and electrical feeders are
monitored through SCADA, and real-time information is shared with the customers via their mobile
cell phones. Fig. 6 illustrates the smart metering system diagram.

Micro grid Systsem

|

. | i
(Us;eelaByrill:gg&n) Real time Energy meters

Load ne——

= [aY]
5 g | SCADA System ‘
§ o
R | l
Mobile App Energy Saving

Notification recommendations

Figure 6: Smart metering system block diagram
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The smart metering system shown in Fig. 6 monitors and manages instantaneously the customers’
electricity usage. The electricity consumption rate of all loads and indicated current flow rate in
each feeder. The relay circuit can switch off any electrical feeder carrying overcurrent. Customers are
recommended to consumption patterns change on their mobile devices. This enables the management
of unnecessary energy wastage and optimizes electricity usage. The smart microgrid operation is
monitored through SCADA. Fig. 7 illustrates the algorithm of the smart electricity consumption
monitor.

Power Supply ON

A

Loads ON

y

Smart Metering system
working properly

A

Send Notifications

Measured parameters
meet the functionality
requirements

A

Relays operate Operation ongoing

]

Figure 7: Algorithm for the electricity consumption monitor

When the loads are connected to the power supply, electrical parameters that indicate the
functionality status of the micro-grid are measured by the smart metering system, and the values
obtained are notified to the customers through their portable smartphones. The parameters are
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compared to predefined values, in case of abnormal discrepancies; the smart relays are remotely
actuated to stop any electrical feeders under abnormal operation. On the contrary, if the measured
parameters meet the functionality requirements, the loads keep running as intended.

6 Results and Discussion

With Homer software, an optimal smart microgrid system is determined as the system, which can
supply electricity needs at the lowest price. In addition, it should satisfy the electricity demand.

6.1 Optimization Results

For the off-grid electrification of Remera village, various combinations of microgrid systems
were considered obtained with a PV system, Diesel Generator, batteries, and converters from the
HOMER optimization simulation. The optimal system configuration for the cycle charging dispatch
strategy is 4.78 kW PV, 10 kW Diesel Generator, 16 Discover 12VRE-3000TF batteries, and 3.18 kW
bidirectional converter. The NPC, COE, and operating costs of the system are $264, 547, $1.31, and
$3,991, respectively.

From the results obtained for the Load Following Dispatch Strategy, it was seen that the optimal
system configuration for this dispatch strategy is 4.10 kW PV, 10 kW Diesel Generator, 16 Discover
12VRE-3000TF batteries, and 2.68 kW bidirectional converter. The NPC, COE, and operating costs
of the system are $263, 463, $1.31, and $3,977, respectively. By use of Results for the Combined
Dispatch Strategy, the results show that the optimal system configuration for this dispatch strategy is
5.19kW PV, 10 kW Diesel Generator, 14 Discover 12VRE-3000TF batteries, and 2.29 kW bidirectional
converter. The NPC, COE, and operating costs of the system are $264, 184, $1.31, and $4,029,
respectively. All optimization results described above are summarized in Table 7.

Table 7: Cost summary for each summarized dispatch strategy

Dispatch strategy NPC (%) COE ($) Operating cost ($)
Cycle charging 264, 547 1.31 3,991
Load following 263, 463 1.31 3,977
Combined dispatch 264, 184 1.31 4,029
Predictive 265, 467 1.32 4,010

The optimal solutions listed in Table 7 have relatively equal values of NPC, COE, and Operating
Cost. All of them can be considered for implementing a microgrid in Remera village, but the optimal
solution under the Load Following dispatch strategy is selected as it has the lowest value of NPC
compared to the remaining optimal solutions of the other dispatch strategies.

From Table 7, it is seen that the levelized cost of electricity from the proposed smart microgrid is
$1.31/kWh. However, the utility sells the electricity at variable prices to encourage customers to manage
their electrical energy consumption as shown in Table 8 [28]. Table 7 indicates that in the absence of
subsidies, the levelized cost of electricity from the smart microgrid in Remera village is much greater
than the price of electricity from the national grid.
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Table 8: Tariff scheme for residential and non-residential buildings [29]

Consumption (kWh)/month Tarift $/kWh
Residential category

[0-15] 0.081
[15-50] 0.19

>50 0.23

Non-residential category
[0-100] 0.21
>100 0.23

6.2 Impact of Insolation and Fuel Price Uncertainties

The impact of insolation and fuel price uncertainties is called sensitivity impact. In Remera village,
there can be some fluctuations in solar radiation [29]. In addition, there can be uncertainties in the
estimated diesel price. The current research analyses the impact of fluctuating solar irradiance ranging
from 4.3 to 5.3 kWh/m?/day, and the fluctuation of diesel prices ranging between $1.5 and $1.8 per
litter. The techno-economic optimum configuration system has been simulated to check the behaviors
of the optimum cost and reliability of the microgrid vs. the aforementioned fuel price and insolation
intermittence.

According to Fig. 8§, it is seen that the COE decreases as the solar-scaled average increases.
In the case of diesel price, as it is shown in Fig. 9, the COE increases due to an increase in the
fuel cost [30]. The decrease in the COE for the variation in solar-scaled average in the range of
4.3-5.3 kWh/m?/day is approximately $0.008/kWh, whereas the increase in COE for the variation
in diesel price is approximately $0.0005/kWh; which is negligible. Henceforth, the fuel price and
insolation intermittence have less impact on the optimum running cost of the smart microgrid in
Remera village.

6.3 Subsidies Requirements

The initial capital of $68,679 was estimated to realize the rural electrification project for Remera
village. This system is designed to supply 224 households in that village. The contribution of the
government, private sector, and non-governmental organizations is essential to ensure the satisfaction
of the end users and the sustainability of the system [31]. In the absence of subsidies, the tariff of
electricity of 1.31 $/kWh is 16.17 times greater than the price of the electricity from the national
grid if the customer does not exceed 15 kWh per month, and 5.7 times greater than the price of the
customer consuming more than 50 kWh per month, respectively. Particularly in developing countries,
the electricity price of rural electrification schemes cannot be equalized with the national grid tariff
which already incorporates subsidies.

If the government and other non-governmental organizations donate the system fixed capital
cost of $40,000, the initial capital will decrease by $40,000 to $28,695. This is an average amount
that can attract investors. Other than capital investment-based subsidies, the government and non-
governmental organizations can develop other subsidy schemes. If subsidies can cover the $3,800 out
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of the $4,000 system fixed O&M cost, the COE can drop up to 0.186 $/kWh. This is an acceptable and
affordable price for rural consumers.
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This subsidy will be realized by implementing a proper Operation and Maintenance scheme
to ensure the sustainable operation of the project. This involves training local people to do basic
maintenance of the system and to collect monthly fees from the consumers depending on energy
consumption rates as indicated by smart metering systems. Purposive training can be offered to local
people to equip them with requisite skills in smart microgrid operation and maintenance to offset the
cost of employing a full-time technician.

7 Conclusion

The main objective of this study was to find the optimum cost of a smart microgrid to supply
Remera village in the Northern province of Rwanda. The development of the typical load profile of the
village and identification of the potential renewable energy resources was done. Hydropower seemed
not to be feasible because of the need to preserve the two lakes in the area, Ruhondo and Burera.
After selecting the appropriate components and studying their characteristics, the current research
modeled the microgrid system using HOMER Pro software to simulate and find the optimal solution.
It was found that a combination of PV plant, diesel generator, and battery storage systems provided
the better optimum option for the smart microgrid with the generation capacities of 4.11 kW, 10 kW,
and 16 for PV, diesel-fired generator, and batteries, respectively. The estimated levelized cost of energy
for the system was initially 1.31 $/kWh when no subsidies were taken into consideration. The tariff was
so high compared to the price of electricity from the Rwandan power network. It was proposed that
government donations and local village training could lower the cost to $0.186/kWh. The levelized cost
of electricity equivalent to 0.186 $/kWh is acceptable and affordable for rural consumers of Remera,
which led to the conclusion that this microgrid power system is the optimum solution to electrify the
community’s households. A smart metering system was proposed with the capability to monitor and
communicate directly the electricity consumption status to the customers.
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