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Abstract – A hybrid system combining renewable technologies with diesel generators is a promising 
solution for rural electrification. Myanmar has many renewable energy resources, and many regions 
that cannot be supplied with electricity from the main grid. Therefore, in this study, we select a village 
in Myanmar, which is located far away from the substation, and evaluate the economic feasibility of a 
hybrid system for the village considering the specific local conditions and resource availability. We 
consider a hybrid system composed of a photovoltaic source, diesel generator, battery energy storage 
system, and converter. The load profiles of the household data from the village, and the solar radiation 
profiles are determined. The advantages of the hybrid system, in terms of cost, reliability, and 
environmental effects are analyzed through simulations using commercial software. The simulation 
results show that, for the selected village in Myanmar, a hybrid system with battery energy storage can 
reduce the cost and greenhouse gas emissions while maintaining reliability. We also obtain an 
optimized design in terms of the component size for the selected hybrid system with battery energy 
storage. 
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1. Introduction 
 
Fossil fuels are depreciating in value owing to their 

depletion problem and harmful influence on the environ-
ment. Thus, new and renewable sources of energy, such 
as photovoltaic and wind energy, have been attracting 
attention as clean, environment-friendly, and sustainable 
alternatives [1]. However, the generation from fossil 
fuels has advantages and successfully fulfilled the energy 
requirement of reliable supply, whereas renewable 
energy sources have the disadvantages of uncertainty and 
intermittency. Therefore, a hybrid system, which combines 
renewable energy sources with diesel as a fossil fuel, 
and/or battery energy storage, has becomes one of the most 
promising configurations for local energy supply [2-6]. 

Hybrid systems can provide steady community-level 
electricity services, such as village electrification. They 
also offer the possibility of upgradation through grid 
connection in the future [7]. Furthermore, due to their high 
levels of efficiency and reliability, these systems can be 
used as effective backup solutions for the public grid in 
case of blackouts or weak grids, or for professional energy 
solutions such as telecommunication stations or emergency 
rooms at hospitals [8]. 

The hybrid systems are also very useful in remote and/or 

rural areas, where the cost of grid extension is prohibitive 
and the prices of fossil fuels increase drastically with 
distance [2, 3]. The hybrid systems for rural electrification 
without connection to the main grid can be configured in 
two ways: off-grid with distribution system and off-grid for 
direct supply [1]. In the first configuration, the hybrid 
system is connected to the load centers and the power for 
each household is supplied through the distribution system. 
In the second configuration, the hybrid system directly 
serves a few loads, without a distribution system.  

The hybrid system is suitable for application in 
developing countries like Myanmar, where approximately 
70% of the population live in rural areas, and electricity 
from the main grid is not yet available [9]. Additionally, 
Myanmar has many renewable energy resources, such as 
hydropower, biomass, wind, solar and other types of clean 
energy [9]. Therefore, Myanmar is well suited to apply the 
hybrid system. 

However, despite its apparent suitability, no study has 
been conducted so far to evaluate the economic feasibility 
of a hybrid system, considering the specific local 
conditions and resource availability in Myanmar. In this 
work, for the purpose of evaluation, we selected the Kyit 
Sone Pwe village in Myanmar, which is located far away 
from the substation in the Magway region. This village has 
not been connected to the electric grid until now. Most 
people in the village mainly depend on small petrol engines 
and batteries, and a few people use candle lamps for 
lighting, phone chargers, and other electrical appliances. 
The selected village corresponds to the off-grid-with-
distribution-system configuration of the hybrid system. In 
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this case, we consider a hybrid system composed of a 
photovoltaic (PV) source, diesel generator, and battery 
energy storage system. We also consider the specifications 
of the converter systems.  

Based on this evaluation setup, we derive the daily and 
monthly load profiles for the household data from the 
village, and obtain the daily and monthly solar radiation 
profiles from the climate data [10]. Then, the advantages 
of the hybrid system are analyzed in terms of the cost, 
reliability, and environmental effects through simulations 
using the Hybrid Optimization Model for Electric 
Renewable (HOMER) software [11]. Furhtermore, the 
optimal size of each component is determined for the 
seleced hybrid system. 

The remainder of this paper is organized as follows. 
Specific data on the load and solar radiation are presented 
in Section 2. In Section 3, the components of the hybrid 
system are described. The mathematical model for 
evaluation is presented in Section 4. The simulation results 
are given in Section 5, followed by the results of the 
optimal component size in Section 6. The concluding 
remarks are given in Section 7.  

 
 

2. Load and Solar Radiation Profiles 
 

2.1 Load profile 
 
The Kyit Sone Pwe village is located at 20.154N latitude 

and 94.945E longitude in the Magway region in Myanmar. 
The electricity loads are divided into three groups — from 
residences, from communal facilities, and from commercial 
facilities. The residences group consists of 1300 households 
in the low-, medium-, and high-income ranges. The 
electricity demand in the low-income range is limited to the 
requirements for lighting and TV, and the annual growth rate 
of electricity consumption is small. The households in the 
medium-income range may additionally use electric fans, 
and their annual growth rate of electricity consumption is 
increasing rapidly. The households in the high-income 
range may use refrigerators. The communal facilities include 
schools, public offices, hospitals, and street lighting. The 
commercial facilities consist of shops, markets, and 
restaurants. Details of the components of the loads are 
listed in Table 1. The power consumption of each 
component in Table 1 is estimated by assuming the hourly 

usage pattern of the appliances for each load component.  
From the consumption pattern of each load component, 

the daily and monthly load profiles for the village are 
calculated, and are shown in Fig. 1 and Fig. 2, respectively. 
The base and peak loads are 127 kW and 563 kW, 
respectively, which correspond to a load factor of 0.225. 
Mid peaks of approximately 275 kW occur in the morning, 
and high peaks of approximately 400 kW occur in the 
evening. In contrast, a low demand of approximately 20 
kW is observed during the day and in the night. It is 
assumed that the determined load profiles do not change 
during the project life span of 25 years, that is, from 2016 
to 2040. 

 
2.2 Solar radiation profile 

 
The average solar radiation in Myanmar is more than 5 

kWh/m2/day during the dry season [12]. It varies from 2.3 
to 3.2 kWh/m2/day in the extreme north and south regions, 
while most parts of Myanmar, including the central area, 
receive a good amount of solar radiation ranging from 3.6 

 
Fig. 2. Monthly load profile for the Kyit Sone Pwe village 

Table 1. Load components for the Kyit Sone Pwe village 

Components Numbers Power consumption 
(kWh/day) 

Low income  600 456.00 
Medium income  400 704.00 Residence

High income  300 1728.00 
School 1 2.93 

Public office 1 8.11 
Hospital 1 13.00 

Communal 
facilities 

Street lighting 600 108.00 
Shop / market 10 42.00 Commercial 

Facilities Dining room / 
restaurant 2 14.18 

Total power consumption per day 3076.22 
 

 
Fig. 1. Daily load profile for the Kyit Sone Pwe village 
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to 5.2 kWh/m2/day [12]. Therefore, government and 
private sector organizations have been promoting and 
piloting solar PV systems for rural electrification [12]. 

The specific daily and monthly solar radiation profiles 
for the selected village are shown in Fig. 3 and Fig. 4, 
respectively. The daily profile in Fig. 3 shows the typical 
pattern for PV generation. The annual average is 4.841 
kWh/m2/day. The highest and lowest solar radiation occur 
in April and August, respectively. In April, the PV array 
can satisfy the entire load during the day, and the load in 
the evening and night can be satisfied using the energy 
stored in the battery energy storage systems. On the 
contrary, in June, July, and August, the diesel generators 
may have to operate and charge the batteries, to support the 
PV generation system. 

 
 

3. Hybrid System Components 
 
The hybrid system proposed in this research consists of 

solar PV arrays, diesel generators, battery energy storage, 
and converters, to obtain efficient and cost-competitive 
system configurations for improving the system reliability 

of energy supply especially in rural areas. The power 
ratings or sizes of the systems are determined from the load 
profiles using the rule of thumb method in [13]. The 
configuration of the hybrid system is shown in Fig. 5.  

 
3.1 Solar radiation profile 

 
The power rating of the PV modules is selected as 600 

kW. The capital cost for the PV amounts to $420,000 
without considering other auxiliary components of the 
system. The module life time is estimated to be 25 years. 
The photovoltaic system has no tracking device. The 
technical and economical parameters of the PV system are 
listed in Table 2. 

 
3.2 Diesel generator 

 
The power rating of the diesel generator is selected as 

600 kW to cover the peak load. The diesel generator is 
used as a backup system, which is operated when the 
output from the PV system fails to satisfy the entire 
demand, and the state-of-charge of the battery energy 
storage is not sufficient. The technical and economic 
parameters of the diesel generator are listed in Table 3. 

 
Fig. 3. Daily solar radiation profile for the Kyit Sone Pwe 

village 
 

Fig. 4. Monthly solar radiation profile for the Kyit Sone 
Pwe village 

 
Fig. 5. Structure of the proposed hybrid system 

 
Table 2. Technical and economic parameters of the PV 

system 

Parameter Value Unit 
Size 600 kW 

Capital cost 700 $/kW 
Replacement cost 0 $/kW 

Operation and maintenance cost 100 $/yr 
Lifetime 25 years 

Derating factor 80 % 
Tracking factor N/A N/A 

Ground reflectance 20 % 
Slope degree 20.8 degree 

Temperature effect N/A N/A 
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Table 3. Technical and economic parameters of the diesel 
generator  

Parameter Value Units 
Size 600 kW 

Capital cost 61,000 $ 
Replacement cost 60,000 $ 

Operation and maintenance cost 0.01 $/yr 
Lifetime (operating hours) 15,000 hours 

Minimum load ratio 30 % 
Fuel price 0.8 $/liter 

 
Table 4. Technical and economic parameters of the battery 

energy storage system 

Parameter Value Unit 
String size 2 − 

Strings in parallel 400 − 
Batteries 800 − 

Capital cost 700 $/battery 
Replacement cost 600 $/battery 

Operation and maintenance cost 10 $/yr 
Lifetime 12 years 

Nominal capacity 1,156 Ah 
Round trip efficiency 80 % 

Minimum state-of-charge 40 % 

 
Table 5. Technical and economic parameters of the 

converter 

Parameter Value Units 
Considered size 400 kW 

Capital cost 500 $/kW 
Replacement cost 450 $/kW 

Operation and maintenance cost 20 $/yr 
Lifetime 20 years 

Inverter efficiency 90 % 
Rectifier efficiency 85 % 

 
3.3 Battery energy storage system 

 
The battery bank used in this paper contains 800 Surrette 

6CS25P batteries with a string size of two. The battery 
energy storage system operates at a nominal voltage of 6V. 
The specific parameters of the battery system are listed in 
Table 4. 

 
3.4 Converter 

 
The size of the converter is selected as 400 kW. The 

converter can operate as both an inverter and a rectifier, 
according to the direction of power flow. The specific 
parameters of the converter are listed in Table 5. 

 
 

4. Mathematical Model for Evaluation 
 
The performance of the hybrid system can be analyzed 

based on the goals of cost minimization, system reliability 
improvement, and reduction of greenhouse gas emissions 

[11]. The net present cost is calculated by discounting the 
annual, quarterly, and monthly financial flows [14]. The 
net present cost of a system is the present value of all costs 
minus all values over its lifetime, and it includes capital 
costs, replacement costs, operation and maintenance costs, 
and fuel costs. The levelized cost of energy is calculated by 
dividing the total life-cycle cost by the total energy output 
during the project lifetime [4]. The mathematical equations 
are formulated for the simulations using the HOMER, as 
follows [4, 11, 14].  
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The parameters in (1) - (7) are defined as follows. 
 

NPCC  : net present cost ($) 
anntotC  : total annualized cost ($/yr) 

( , )CRF i n  : capital recovery factor 
i  : annual real interest rate (%) 
nomi  : nominal interest rate (%) 
f  : annual inflation rate (%) 
n  : index for the year 
N  : project duration (yrs) 
LCOE  : levelized cost of energy ($/kWh) 
TLCC  : total life cycle cost ($) 

( )Q n  : energy output of power generation system 
in the specific year of n (kW) 

( )C n  : total cost in the specific year of n ($) 
r  : annual discount rate (%) 
S  : salvage value ($) 

repC  : replacement cost of the component ($) 
remL  : remaining life of the component (yrs) 
compL  : lifetime of the component (yrs) 
esf  : capacity shortage fraction 
scE  : total capacity shortage (kWh/yr) 
totE  : total electric (kWh/yr)  
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5. Simulation Results 
 
Simulations are performed for three cases. In Case I, the 

diesel generator supplies the entire demand as a stand-
alone system. In Case II, a hybrid system consisting of the 
PV system, diesel generator, and converter is considered. 
In Case III, a hybrid system with all the components — PV, 
diesel generator, battery, and converter — is simulated. In 
the simulations, the parameters presented in Tables 2, 3, 4, 
and 5 and the model in Section 3 are used. 
 

5.1 Case I 
 
The simulation results for the net present cost, nominal 

cash flow, and monthly average of generation for Case I 
are shown in Figs. 6, 7, and 8, respectively. The results 
show that, although the diesel generator has a very low 
initial capital cost, the fuel cost is very high. 

 
Fig. 9. Net present cost for Case II 

Fig. 10. Nominal cash flow for Case II 
 

 
Fig. 11. Monthly average of generation for Case III 

 
Fig. 6. Net present cost for Case I 

 
Fig. 7. Nominal cash flow for Case I 

 

 
Fig. 8. Monthly average of generation for Case I 
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5.2 Case II 
 
The simulation results for the net present cost, nominal 

cash flow, and monthly average of generation for Case II 
are shown in Figs. 9, 10, and 11, respectively. The 
generations from the PV arrays and the diesel generator are 
60% and 40%, respectively, of the total generation. 

 
5.3 Case III 

 
The simulation results for the net present cost, nominal 

cash flow, and monthly average of generation for Case III 
are shown in Figs. 12, 13, and 14, respectively. The PV 
generation increases to 54%, from the value of 40% in 
Case II. This is because the battery energy storage can 
manage the variations in PV generation, which results in 
increased utilization of the PV. 

 
5.4 Discussion 

 
The results of Cases I, II, and III are listed in Table 6 for 

comparison. It can be seen from Table 6 that Case III, or 

the hybrid system with the PV, diesel generator, battery 
energy storage, and converter, is the best choice in terms of 
cost. The emissions of CO2, SO2, and NO are the lowest in 
Case III, which means that Case III is the best in terms of 
environmental effects also.  

The fuel consumption decreased from 909,449 L/yr in 
Case I to 602,001 L/yr in Case II because PV generation 
replaced the diesel generator. The fuel consumption 
decreased further to 299,816 L/yr in Case III because the 
battery energy storage deals with the variations in PV 
generation and thus increase the utility ratio of PV 
generation. However, the excess generation is the largest 
in Case II because of the unmanaged variations in PV 
generation. 

In terms of the unmet load and capacity shortage, there 
are no significant differences between the three cases, 
which means that all three cases are feasible for the village. 
The unmet load is not equal to zero in Case II and Case III. 
However, the nonzero unmet load is very close to zero, 
when compared to the annual consumption. This means 
that the hybrid system, particularly that in Case III, can 
achieve the benefits of reduced cost and lesser greenhouse 
gas emissions, without sacrificing reliability. Consequently, 
it can be concluded that, for the selected village in 

Fig. 12. Net present cost for Case III 
 

Fig. 13. Nominal cash flow for Case III 

 
Fig. 14. Monthly average of generation for Case III 

 
Table 6. Comparison results of Cases I, II, and III 

Description Case I Case II Case III 
Total net present cost ($) 9,787,568 7,984,073 5,636,475
Levelized cost of energy 

($/kWh) 0.689 0.562 0.397 

Capital cost ($) 61,000 681,000 1,241,000 
Operation cost ($/yr) 760,878 571,295 343,844 
Excess electricity (%) 43.2 50.4 19.4 

PV penetration (%) - 82 82 
CO2 emissions (kg/yr) 2,394,880 1,585,267 789,523 

Renewable fraction (%) 0.00 40 54 
Fuel consumption (L/yr) 909,449 602,001 299,819 

SO2 emissions (kg/yr)  4,809 3,183 1,586 
NO emissions (kg/yr) 52,748 34,916 17,390 

Unmet load (kWh/yr) 0.00 (0%) 0.000671 
(0 %) 

0.000575 
(0 %) 

Capacity shortage (kWh/yr) 34.6 (0 %) 34.6 (0 %) 0.0 (0%) 
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Myanmar, the hybrid system with both PV and diesel 
generator can decrease the net present cost and mitigate the 
environmental problems while maintaining reliability. 
Further, the hybrid system with the additional battery 
energy storage is the most economic among the three 
configurations in terms of the net present cost. In other 
words, the battery energy storage can improve the benefits 
with respect to cost and environment by managing the 
variations in the PV generation. 

 
 

6. Optimal Sizing of Components 
 
By comparing the results for three cases in Section 5, 

Case III (PV-diesel-battery hybrid system) is found to be 
the best configuration. However, the sizes of the 
components also need to be optimal. Thus, simulations are 
further performed for Case III by changing the system 
ratings of each component to select the optimal sizes. The 
fifty combinations of PV-diesel-battery sizes are feasible 
for proposed area. According to the simulation results, the 
combination of 500kW PV, 500kW Diesel, 200 numbers of 
ESS, and 200kW converter is determined as the optimal 
sizes of the components. The comparison results between 
the design from the empirical design in Section 5 and the 
selected optimal design are listed in Table 7. The results 
show that total net present cost is reduced by 7.53% after 
the optimal sizing, which means the importance of an 
optimal design. 

 
Table 7. Comparison results of the empirical and optimal 

designs 

Description Empirical design Optimal design 
Total net present cost ($) 5,636,475 5,212,293 
Levelized cost of energy 

($/kWh) 0.397 0.367 

Capital cost ($) 1,241,000 640,833 
Operation cost ($/yr) 343,844 357,610 
Excess electricity (%) 19.4 32.4 
PV penetration (%) 82 68.3 

CO2 emissions (kg/yr) 789,523 947,218 
Renewable fraction (%) 54 44.1 
Fuel consumption (L/yr) 299,819 359,704 

SO2 emissions (kg/yr)  1,586 1,902 
NO emissions (kg/yr) 17,390 2,338 
Unmet load (kWh/yr) 0.000575 (0 %) 0.000219 (0%) 

Capacity shortage (kWh/yr) 0.0 (0%) 0.0 (0%) 

 
 

7. Conclusion 
 
A hybrid system containing both renewable energy 

sources and diesel generators was found to be promising 
for rural electrification in terms of cost, reliability, and 
environmental effects. Myanmar, being a country that has 
many renewable energy sources and non-electrified rural 
villages, was found to be suitable for the implementation of 

hybrid systems. Thus, in this paper, we selected a village in 
Myanmar and evaluated the economic feasibility of a 
hybrid system, considering the specific local conditions 
and resource availability for the village. 

The evaluation was performed based on the simulations 
for three cases: using a diesel generator only, using a diesel 
generator with PV generation, and using a diesel generator 
with PV generation and battery energy storage. The results 
showed that the hybrid system with both PV and diesel 
generator was able to decrease the cost and greenhouse gas 
emissions while maintaining the reliability. Moreover, the 
addition of battery energy storage improved the benefits in 
terms of cost and environmental effects by managing the 
variations in the PV generation. The evaluation results in 
this paper suggest that government and private sector 
organizations in Myanmar should consider the hybrid 
system as a highly suitable alternative, when promoting 
and piloting solar PV systems for rural electrification. 
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