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  Abstract 
Renewable energy resources like solar, wind and hydropower have 
time-dependent availability that limits continuous supply of electricity. This 
intermittency nature could be solved by combining different renewable re-
sources that complement each other for stand-alone micro-grid system. For 
this study, solar PV, mini hydro and back-up battery are the components of 
the micro-grid. The study discussed in detail for AC-micro grid system of 
design, modeling, simulation and performance evaluation with economic 
feasibility analysis of the system for a rural village in Ethiopia. The study 
assesses the proper load demand for about 292 households and community 
service institutions in a village called Gora Got and Dibkan villages. This 
micro grid renewable energy power generation results 174.2kW hydro, 48kw 
solar PV power produced with 800w/m2 at Standard Test Conditions and 
226.3kwh storage battery (for two days’ autonomy). The battery used in this 
micro grid system is to balance the demand and renewable power generation 
or for selected critical loads when these power generation, sources are not 
available or non-functional. The MATLAB Simulink toolbox is used to 
model the renewable energy sources, battery bank and conversion systems 
like DC-DC converters, rectifier and inverter with controller of each compo-
nent. The system models individual components and analyzes the system 
voltage stability for the proper function of the micro-grid. The battery control 
strategy is done to protect from over charging and discharging processes. The 
feasibility of the system is analyzed using homer software and the energy 
cost is $0.080/kwh, which is feasible considering social, economic and other 
advantages gained from access to electricity. 
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AC Micro-grid, Solar Power, DC-DC Converter, Mini-hydro Energy, Inverter, 
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1. Introduction 

More than 16 % of the world population has no access to electricity and 80% live in rural areas. Rural electrifi-
cation is particularly low, with more than three fourth of the rural population have no access to it. More than 95% of 
those who are living without electricity are in List developed countries of sub-Saharan Africa and developing Asia 
[1]. Ethiopia is one of those countries, but it is a country endowed with huge amount of hydro, wind, geothermal and 
solar power potentials. The country has an estimated hydropower potential of 45GW, which is the second largest 
next to Congo and uses only about 2%. More than 95 percent of the population depends on biomass, such as burning 
of wood, animal manure and crop residues. This has resulted deforestation that causes biodiversity loss and soil 
erosion, which affects the balance such as smoke caused health problems, burnings, etc. [2]. However, most rural 
households still lack electricity and the trend of electrifying is much below the requirement i.e. Annual per capita 
consumption of electricity is 100kwh which is much lower than the Sub-Saharan Africa’s average of 510 kWh. 
Most rural people of Ethiopia settle in scattered way, so it makes difficult to access electricity from grid extension as 
it requires high investment cost [3, 4]. Access to modern energy, especially in rural, remote areas would help sig-
nificantly to reduce poverty, to get better health care and education, to facilitate modern communication and in-
formation systems. Access to electricity is still a dream for 20% of the world’s population. Most of them, in fact 
about 85%, live in rural areas where the extension of the utility grid is either complex or expensive [5]. 

Hybrid systems like solar and mini-hydro have good advantages than any other non-conventional energy sources. 
Both energy sources have greater availability in all areas with lower operation cost [6]. Micro-Grid system is bas-
ically a low voltage or medium voltage distribution network which consists of a number of distributed mi-
cro-sources such as photovoltaic arrays, micro/mini hydro, energy storage systems or other renewable energy 
sources and loads that operates as a single controllable system, both grid-connected and isolated mode. The main 
advantages of Off-Grid development are providing good solution to supply power in standalone system with an 
autonomous micro grid system without grid dependency [7]. The main objectives of this study are to assess the 
demands and potentials, to model and develop standalone hybrid system micro grids and evaluate the feasibilities of 
the system. Thus, in order to meet reliable, affordable and sustainable electricity, integrated hybrid systems are 
recommended to solve intermittency problems that involve renewable resources, mini-hydro and battery storage 
systems for study areas. 

2. Literature Review 

Micro-grid consists of clusters of loads, storage systems and distributed generators that operate as a single or 
more controllable system. Distributed Generation (DG) in micro-grid operation provides multi benefits to the utility 
operators, DG owners and consumers in terms of reliable power supply, reduction in transmission system expansion 
and enhancement of renewable power penetration [8]. Energy storage devices are a major component of micro-grids, 
which are very critical for successful operation of micro-grids. Taking care of balancing the power and energy 
demand with generation is the main function of the energy storage devices in typical micro-grid applications. 
Currently, different types of rechargeable batteries used as energy storing devices: such as Lead-acid, Nickel cad-
mium, Nickel-metal, Lithium-ion, Lithium-polymer and Zinc air. In order to determine the optimal battery type, the 
major attributes to focus on are the specific energy, years of service life, load characteristics, price, safety, 
self-discharge, environmental issues, and disposal. Nickel cadmium, Nickel-metal, and Li-ion batteries usually used 
in critical and extreme temperature applications [8, 9]. The system design used different converter type Boost 
DC-DC converter, buck boost converter, Inverter and buck converters to interface the system modeling’s [10, 11]. 
Ethiopia is located around the equator in the northern hemisphere and it has high solar potentials almost throughout 
the year. It receives an average of 5.5kwh/m2/day to 6.5kwh/m2/day of solar insolation. As seasonal variations but 
not as extreme cases during the year the insolation also varies from 4.55kwh/m2/day in July to maximum of 
5.5kwh/m2/day in February and March, moreover, regions to 6.25kwh/m2/day in the North region of the country. 
Currently solar energy source exploited for different applications such as in telecom stations, for water heating, 
single home system lighting, and water pumping but small systems. Approximately, most part of the country there 
are also geographical location variations ranging from 4.25kwh/m2/day in south –west have over 3000 hours of 
sunshine and the annual average daily solar energy in some part of the country is 5.0kWh/m2 and in the north part it 
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can be 6.0 to 7.5kWh/m2 per day. The total amount exploitable solar energy of Ethiopia is approximately about one 
million GW with an average insulation of 5.0kWh/m2 [1, 12]. The number of sunshine hours and local atmospheric 
conditions, sunshine duration data can be used to estimate monthly average solar radiation, with the help of em-
pirical equations [13]. Depending on the installed capacity, hydropower systems classified into large hydro over 10 
MW or small hydro up to 10 MW. Small systems can divide into mini-hydro up to 1 MW, micro-hydro up to 100 
kW. HPP with capacity lower than 10 MW estimated to represent about 10% of the global HPP capacity. The major 
components of the micro/mini hydropower systems include penstock, Turbine, generator, shut off valves, power 
conditioning units with other integrated components [14].  

The solar - diesel generator-storage hybrid system design for southern Ethiopia for 200HH for rural electrification 
is conducted energy cost is $0.401/kwh which is feasible if the study considers social, economic and reliability as 
compared to grid extension, of the community [15]. The solar PV-wind energy-diesel generator and battery system 
is studied in Debrezeit, Ethiopia, rural villages and the energy cost is $0.376/kwh, which is feasible [13]. The 
northern Tigray also studied with solar – wind energy – battery hybrid system and energy cost is $0.385/kwh which 
is feasible [3]. The solar PV-micro hydro-diesel and battery system was studied in western Ethiopia (Melkey Hera 
Village) and energy cost is optimized using Homer software ($0.133/kwh) which is greater than the current country 
tariff i.e. $0.06/kwh. This is in some extent cost competitive for seeing different advantageous of the community 
[16]. Renewable energy is important to electrify rural villages far from the grid system with cost effective as 
compared to grid extensions [17]. Alternative options to grid extension, e.g. off-grid decentralized renewable 
energy (DRE), exist, are often more attractive financially and could be promoted more effectively [18]. Decentra-
lized renewable energy systems have been promoted for electrification of remote areas when grid extension is not 
economically feasible [19]. Different renewable energy technologies are implemented but the technologies should 
be standard and applicable for all the community with standard rules [20]. There are advantages and challenges 
facing during implementations of off grid renewable energy system i.e. lack technical skilled experts, spares and 
may load connected beyond the design capacity and should be managed with trained and improve based on the 
demands [21]. Rural electrifications for off gird system has high roles in poverty reductions especially for devel-
opment of small scale industries in such areas [22].  

3. Methodology 

3.1 Descriptions of study area 

The Gora Got Kebele, which was selected for this study area is located in Amhara Region, Ethiopia, Mecha 
Woreda. Its geographical location is 11.3474 ̊  North 37.024247 ̊  East and elevation 1920 m above sea level (hydro 
system) and 25km away from the woreda (district) grid systems; however, if there is no sub-station around this 
woreda. About 292 households are live in the study area and the demand for accessing electricity is very high. The 
households are scattered and spread around an area with main radius of about 0.5-2.5 km from the proposed 
mini-hydropower system. The study area is categorized in woyna dega climate condition and the temperature ranges 
with minimum 7.4 ̊C and maximum of 31.2˚C with annual average temperature of 20.55 ˚C. The rainy season 
ranges from June to October but highly rainy month in this area is July and August. 

3.2 Methods  

The technical analysis of solar – back up battery and Gilgel Abay river water fall mini hydro system was carried 
out in this work. The methodology adopted in this work involved site identification, data acquisition, load demand 
estimation, renewable energy assessment of the study area and modeling of the hybrid system components using 
Mat lab Simulink and HOMER software. A questionnaire was prepared for the purpose of conducting a survey to 
determine the load demand. The proposed block diagram of the system to the study is shown in figure 2 below. 

3.3 Load Assessments 

The load assessment in the study area was done by preparing a sample questionnaire and performing interviews 
with local experts and households considering basic rural power consumed devices and equipment required when 
the power is available. The load estimation also includes public institutions like schools, health posts, churches; and 
facilities like water pumping centers, mill machines, stone grinding machines and other required power consump-
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tion equipment were considered during the study. 
The total load required in the community is 176.31kW peak load and 514,196 kWh/day of Energy. Among this 

265,396 kwh/day are the primary loads and the remaining 248,800 kwh/day is deferrable loads.  

 

Figure 1. Study site maps using Arc GIS. 

 
Figure 2. Proposed system block diagrams. 
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Table 1. Demand assessment load estimation in the community 

S.no Appliance description Number of respondents out of 40 Number of Respondent % Total number out of 292 HH 

1 Lighting 40 100 292 

2 Stove 18 45 132 

3 Electric mitad 9 22.5 66 

4 Television 12 30 88 

5 Radio 22 55 161 

6 Sewing machine 1 2 6 

7 Mobile charger 35 87.50 256 

8 Barber machine 1 2.5 8 

Note: HH mean Households 

 

Figure 3. Study area estimated load profiles. 

The power loss may decrease by increasing the power carrying capacity of the transmission and distribution 
conductor cables by analyzing economic aspects of the system cost. Considering, the load may increase about 5% 
from the total village demand. 

Table 2. Total power demand summary 

Village name load(kW) loss(kW) total power(kW) Transmission & distribution length(m) 

Load center-2 (V1-6) 111.12 28.26 139.14 6650 

Load center-1 (V7&DL) 74.35 2.77 77.12 2420 

Overall 185.47 31.03 216.5 9070 

Note: V - Represents village code, the seventh village V7 obtains the load direct from hydropower; DL: distribution load  

Based on these loads, the source potential is assessed as shown in the following sections. 

3.4 Hydro potentials 

The Gilgel Abay River flows through the year and has high flow discharges in the rainy season and low base flow 
rates in the dry season. This study used the previous 28 years recorded annual average flow data using flow duration 
curve as shown below figure 1. 

Based on the data available, the minimum flow rate produces electricity throughout the year for 365 days. The 
electrical power generated by hydro system is determined using the empirical formula described in equation, 1 
below. 

tP  = t gQH  , gP  = g tP  (1) 

A Flow duration curve is a graph of the historical flow at the site ordered from the maximum to minimum flow. It 
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used to access the availability of flow overtime, the power and energy at the site and it also helps to determine the 
maximum water flow capacity of the turbine [23]. 

 

Figure 4. Average flow rates for Gilgel Abay River for 28 years recorded data. 

Table 4. Average flow rate and overall output power 

Rank 
Flow in ascending 

order 

Power(kw)  

= 9.81*H*Q 

Generator output 

power 

Percentage of time exceeded = 

 (12 +1-n)*100/12 

1 2.52 185.31 174.19 100.00 

2 2.8 205.90 193.55 91.67 

3 3.04 223.55 210.14 83.33 

4 4.41 324.29 304.84 75.00 

5 8.51 625.79 588.24 66.67 

6 8.79 646.38 607.60 58.33 

7 17.31 1272.90 1196.53 50.00 

8 45.28 3329.70 3129.92 41.67 

9 53.24 3915.04 3680.14 33.33 

10 130.57 9601.56 9025.47 25.00 

11 142.37 10469.29 9841.13 16.67 

12 177.39 13044.51 12261.84 8.33 

 
The gross head of the system is about 10m, penstock length = 242m and canal length = 325m. The system net 

head is determined using Darcy Weisbach equations. The total loss of the system considers penstock, fittings and 
other related losses for the project.  

2 2

2 2f i
fLV VH K

gD g
   (2) 

where Hf – Total friction loss, L-penstock length, V – velocity, D- penstock diameter, Ki – fitting loss coefficients, g 
– constant gravitational acceleration, f – Darcy constant values getting from the graph.  

The net head for the system is about 9.37m and the minimum monthly design flow rate of the river i.e. 2.52m3/s 
i.e. the total hydropower system produced are summarized using homer software as shown in the following table 5. 
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Table 5. Hydropower system output using homer software 

Description Unit Value 

Nominal capacity kw 174 

Mean output kw 179 

Capacity factor % 103 

Total production Kwh/year 1,568,019 

Minimum output kw 170 

Maximum output kw 180 

Hydro penetration % 244 

Hour of operation hr/year 8760 

Levelized cost $/kwh 0.0255 

3.5 Solar potential assessment 
Amhara region, Ethiopia, is located in the central- western part of the country and study area situated between 10 

- 15-degree latitude. The solar data can be found from different sources but currently the nine-year solar irradiation 
data is gathered from National meteorology Agency for nearby study area station i.e. Bahir Dar station. Based on the 
geographical location, the average annual solar radiation is 4.66kwh/m2/day and the average annual temperature of 
the area is about 20.55degree centigrade. 

Table 6. Solar data for 22 years from NASA 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

GHI –horizontal pane 6.20 6.53 6.52 6.69 6.32 5.71 5.16 5.18 5.81 5.86 6.01 5.95 

GHI on inclined panel(kwh/m2 day) 5.99 6.31 6.30 6.46 6.10 5.52 4.98 5.00 5.61 5.66 5.81 5.75 

Average from NASA 5.79 

 
A typical 305wp peak solar PV mono-crystalline was selected for design and modeling for this research which is 

in market available (model: Sun Power SPR-305E-WHT-D). Based on the above resources and load demands, the 
total solar PV capacities are determined as shown in table 7 below.  

Table 7. Solar calculated values 

Parameter being determined working formula computed values 

Required daily energy demand ( rdE ) kwh * * *
d

rd
b i c

EE
TCF  

  290 

Average solar power ( SP ) kw rd
S

S

EP
T

  63 

Total DC current - DCI  S
DC

DC

PI
V

  126 

Number of series modules ( SN ) DC
S

rm

VN
V

  9 

Number of parallel modules (
PN ) DC

P
rm

IN
I

  22 

Total number of modules (
TN ) *T S PN N N  198 
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3.6 Back up battery system  

Lead-acid battery type is the optimum choice for the isolated backup system. Now the single battery voltage 6V, 
460Ah is chosen for this study. Battery system size calculated using battery, controller and inverter efficiencies with 
appropriate autonomous 2 days for this study, which is necessary to sustain the supply of electricity. 

Table 8. Battery sizing 

parameter being determined working formula computed values 

Estimated energy storage estE (kwh) 
* *

* * *
d d

b i c

E N sf
DOD  

 895 

Total battery energy required ( tbC ) est
tb

b

EC
V

  1790 

Total number of batteries( tbN ) tb
tb

b

CN
C

  82 

Number of batteries in series( sbN ) dc
sb

b

VN
V

  82 

Number of parallel batteries( pbN ) tb
pb

sb

NN
N

  1 

4. Result and discussion 

The system design, modeling, testing of voltage stability of the network under different conditions, and the ve-
rifications of battery charging with excess power generation are discussed in details. Lastly, the generation source 
turned off and battery bank used to supply power to load to test hard situations. The complete system model shows 
in Figure 5 and elaborated individually as follows. 

 
Figure 5. Complete System Design and Modeling. 
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4.1 Solar system design, modeling and outputs 

A typical 305wp peak solar PV mono-crystalline was selected for design and modeling for this research which is 
in market available (model: Sun Power SPR-305E-WHT-D). Solar cells generally modeled as single diode and uses, 
an additional shunt resistance in parallel to ideal shunt diode model. I-V characteristics of PV cell can be derived 
using single diode model as shown Figure 6 below. 

 
Figure 6. Single diode equivalent PV cell model from MATLAB/Simulink. 

DC-DC converter in the system needs to convert the varying output voltage of the boost converter to a stable 
500V DC bus distribution voltage. In MATLAB, the buck converter is cascaded with the boost converter as shown 
in Figure 7. The output voltage of the buck converter regulated at 500V while the input voltage varies depending on 
the solar irradiance, temperature and load. In order to get a regulated 500V at the DC bus, the controller compares 
the output voltage of the buck converter (DC bus voltage) to the reference 500V. 

 

Figure 7. Buck converter cascaded with boost converter in MATLAB. 

The operating voltage of the PV module determines the amount of power generated by the PV Module. The 
maximum power extracted from the PV when the module’s operating voltage is around the knee of the I-V curve. 
The maximum power extraction achieved by changing alternatively the duty cycle of the boost converter, which 
forces the PV array to operate around the knee of the I-V curve. Boost converters regulate the voltage by using the 
duty cycle based on the PV module generated voltage. The two-test results accordingly solar radiation, temperature 
shown below. Figure 4.1a shows the I-V characteristics of PV module with varying irradiance and temperature. 
Solar radiation primarily influences the output current of the PV module, while temperature mainly changes the 
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output voltage of the PV module. These two parameters alternate the maximum voltage of the PV module dy-
namically. As the temperature increases, the output voltage of the PV array decreases. The village of Gora got & 
dibkan temperature varies from season to season, from minimum of 7.4 ˚C to maximum of 31.2˚C, with the annual 
average temperature of 20.55˚C. The solar radiation is available throughout the year around this area.  

 

Figure 4.1a. Voltage versus current graph with temperature effects. 

 

Figure 4.1b. Voltage versus power graph with temperature. 

 

Figure 4.1c. Output voltage and current with varying solar radiations. 
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Figure 4.1d. Output power with varying solar radiations. 

The voltage operating point of the PV array shifted to the left with increasing temperature as shown above graph. 
The dips in the current and power graph represent the response time of the MPPT controller between the temper-
ature change and the implementations of the necessary modifications to the boost converter’s duty cycle. 

In order to verify the response of the MPPT controller to temperature variations, the first test cases performed 
with the system operating at full load while the temperature is varied from 0°C to 50°C in increments of 15°C. The 
results of this simulation test case based on SPR-305E-WHT-D photovoltaic module shown in Figure 4.1a to 4.1d. 
The two tests have performed considering different variations with some constant parameters. 

 
Figure 4.2a. Module Cell input temperature. 

 
Figure 4.2b. PV output power with given temperature. 
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Figure 4.2c. Regulated DC Link voltage. 

 

Figure 4.2d. Unfiltered inverter output voltage. 

 
Figure 4.2e. AC output Voltage system. 

For the second simulation test case, solar radiation varied from 250W/m2 to 1000W/m2 in, while temperature 
remains constant at 25°C. The results of the simulation test are as shown in the following Figure 4.3. 

 

Figure 4.3a. Module output array current. 
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Figure 4.3b. Module output Voltage. 

 
Figure 4.3c. Module output power. 

 
Figure 4.3d. Inverter output Voltage with filter. 

The simulation test shows that when the load increases the voltage shifts to the left of the graph i.e. decreased in 
some extent. As demand increases, the voltage decreases and the system stability should have analyzed using dif-
ferent controlling mechanisms. 

4.2 Mini hydro system modeling and output 

Cross flow turbine selected due to low cost and may locally manufactured easily. The synchronous generator is 
best option for standalone micro-grid system and has best efficiency as compared to induction generators. The hydro 
system power is continuous generation system except technical fault of the electromechanical devices and con-
trolling equipment’s. The individual sub-models like hydro turbine governor, synchronous generator, excitation 
system and 3-phase RL or R load are now connected together to form the complete block diagram of micro hydro 
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power plant using appropriate converters as shown in Figure 8. 

 
Figure 8. Hydro system MATLAB modeling with boost converter and rectifier. 

The system is model using MATLAB Simulink toolbox and the output graph shows in Figure 8. 

 
(a) 

 
(b) 

 
(c) 

Figure 4.4. Hydro system AC output: a) Regulated DC link converter output voltage b) Inverter output voltage c) AC load 
voltage. 
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4.3 Mini hydro and solar PV system modeling outputs  

The solar and hydro system operates parallel during the load demand is above the hydro generated power system. 
The system can work safely using hybrid power generation and when the load demand maximum. When the load 
demand is lower than the generated power, the power can charge the battery system. The two sources designed with 
appropriate voltage stability for system energy demands (a, b, c, d, e, f figures respectively). 

 
(a) 

 
(b) 

 
(c) 
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(d) 

 
(e) 

 
(f) 

Figure 4.5. Solar PV – hydro power generation hybrid system output: a) Regulated converter output b) Inverter output voltage 
c) Three phase load voltage d) AC three phase current e) Solar PV power output f) mini-hydropower generated. 

4.4 Battery Bank System design and modeling  

Battery modeling: Lead-acid battery type is the optimum choice for the isolated backup system. Now the single 
battery voltage 6V, 460Ah is chosen for this study.  

 
Figure 9. Battery custom component available in MATLAB/Simulink. 

The MOSFET M1 and M2 switched in such a way that the converter operates in steady state with four sub in-
tervals. 

When the load demand is low and the solar power generated is high, the battery charged during this time. The 
battery is used when the load demand is high and the solar power is not available or not enough with hydropower 
system. This storage device can functional with peak load demand continuously for two days for about 4 hours. 
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However, with small load power contribution per day may operate more than this day or above 4 hours as compared 
to the design periods. This device may be useful especially when the two sources are not functional; the critical 
loads used like lighting system at night. The battery bank supply 226.32kwh power at night or cloudy days or the 
load demand is greater than the generated power for two days. When storage device considered as load during 
charging process, the discharge process is positive whereas the charging process is negative. The battery controller 
manages the charging and discharging process during the system is functional. 

 
(a) 

 
(b) 

 
(c) 

Figure 4.6. Battery charging and discharging process: a) state of charging system b) battery current c) battery voltage system 
with controlling system. 



Gebeyaw Nibretie Checklie et al. 
 

 

DOI: 10.26855/jepes.2023.06.005 43 Journal of Electrical Power & Energy Systems 
 

4.5 Solar PV and hydro system with storage battery 

The hybrid system micro grid power generation used storage battery device to sustain the supply of electricity to 
the community during load demand is greater than the power generated for a particular time. The battery can supply 
power to balance the demand and the generated power. This system simulated with a constant battery time response 
during simulation process of mat lab Simulink toolbox. 

 
(a) DC Link voltage system 

 
(b) Inverter output voltage without LC filter 

 
(c) AC output load voltage 

 
(d) Modulation index 

Figure 4.7. Hybrid system with battery storage. 

4.6 Total Micro-Grid System Cost 

The initial investment cost of the renewable energy sources are major issues and limitations to use widely 
throughout the world. The total AC micro grid cost summarized including all necessary electromechanical costs 
incorporating into other costs required in the study. The total net present cost of a system is the present costs that it 
incurs over its lifetime, minus the present value of all the revenue that it earns over its lifetime. Costs include capital 
costs, replacement costs, O&M costs, fuel costs, emission penalties, and the costs of buying power from the grid. 
Revenues include salvage value and grid sales revenue. The system cost analysis could be estimated using the 
following formulas with homer software. 

NPV IC OMC RC FC SV      (3) 

The capital recovery factor is a ratio used to calculate the present value of an annuity (a series of equal annual 
cash flows). HOMER defines the Levelized cost of energy (COE) as the average cost per kWh of useful electrical 
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energy produced by the system. To calculate the COE, HOMER divides the annualized cost of producing electricity 
(the total annualized cost) by the total useful electric energy production (EU). Payback period is the time in which 
the initial cash outflow of an investment is expected to be recovered from the cash inflows generated by the in-
vestment.  

,

NPC

ann tot

C
payback period

C
   (4) 

Salvage value is the value remaining in a component of the power system at the end of the project lifetime. Homer 
assumes linear depreciation of components, meaning that the salvage value of a component is directly proportional 
to its remaining life. It also assumes that the salvage value is based on the replacement cost rather than the initial 
capital cost.  

The system cost analysis has done using Homer software with the total Net present value and annualized cash 
flow cost is shown in the Figure 10 below. 

 
Figure 10. Cost sharing for hybrid system. 

Table 9. Total Net Present system cost 

Component 
capital Replacement O&M Fuel Salvage Total 

$ $ $ $ $ $ 

PV 64,746 1,559 1,278 0 -874 66,710 

Hydro 563,844 0 12,783 0 0 576,627 

Surrette S460 27,060 34,313 2,557 0 -5,517 58,413 

Converter 73,000 2,086 7,670 0 -388 82,368 

System 728,650 37,958 24,288 0 -6,779 784,118 

Table 10. Annual cost 

Component 
capital Replacement O&M Fuel Salvage Total 

($/y r) ($/y r) ($/y r) ($/y r) ($/y r) ($/y r) 

PV 5,065 122 100 0 -68 5,218 

Hydro 44,108 0 1,000 0 0 45,108 

Surrette S460 2,117 2,684 200 0 -432 4,569 

Converter 5,711 163 600 0 -30 6,443 

System 57,000 2,969 1,900 0 -530 61,339 
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The distance from the grid which makes the net present cost of extending the grid equal to the net present cost of 
the stand-alone system. Farther away from the grid, the stand-alone system is optimal. Nearer to the grid, grid ex-
tension is optimal. HOMER calculates the breakeven grid extension distance using the following equation: 

 
Grid extension distance (km) 

Figure 11. Breakeven Grid Extension Distance 

Accordingly the homer software output payback period is 12.8 years, the grid breakeven distance is 10.7km and 
below this distance the grid cost is lower than the hybrid system whereas above this distance the hybrid cost is lower 
and good options for the community is good options for this study.  

5. Conclusions  

The renewable energy of the hybrid system is designed and models the system components and satisfies the re-
quired energy for the study area. The hybrid system power generation has 4% solar PV power (64,551kwh/yr.) and 
96% hydropower generation (1,565,019kwh/yr.), which is 100% renewable fraction. The hydro and PV systems are 
able to supply load and charge the battery bank during the peak sun hours and the load is low, i.e. the generated 
power is greater than the load demand without voltage fluctuations. The battery bank operates parallel to the hydro 
system when there is no sunlight at night or on cloudy days if the load is greater than hydropower generation. The 
battery can operate independently for critical loads like lighting at night during which other sources are not available 
(only for two days). The system energy cost is $0.08/kwh, which is feasible by considering the community’s social 
and, economic situation and the competitive supply from of the government owned electric utility tariff, which 
could be an alternative in the future. This shows the off grid rural electrification has great contributions for reduction 
of poverty by creating small-scale industries with this energy. 

This study also recommends further researchers to upgrade the system to improve the power supply system for 
the study area as well as other communities. The generation system may be upgrade by constructing dam structure 
and produce large amount of power to address many villages around study area. It also integrates with other re-
newable energy sources to upgrade system power generation like biomass energy, Biogas, wind energy and other 
sources. The power generation system properly managed during the dry season period where the river biodiversity 
should not be disappeared. The river flow may allow it to flow in the previous route when the load demand is low or 
not available. This micro-grid integrated to the national grid for the future to improve stability, reduce the shortage 
of power for others, to contribute positively for country economy and other advantages. 
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