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Abstract

Kodingare Island is located in Pulau Sembilan District, Sinjai Regency, one of nine islands. Currently, most
people still rely on conventional energy from diesel power plants. The reason is that this island does not yet
receive an electricity supply from the electricity grid due to the geographical limitations of the archipelago. It
is known that the most potential renewable energy source on Kodingare Island is solar energy, with a potential
for solar radiation reaching 5.86 kWh/m2/day. This research aims to analyze an innovation that combines PV
and solar, where PV acts as the main electricity generator, while solar functions as a backup and additional
energy source. The method used in this research uses simulation methods, layout modeling, and financial
analysis using HOMER Pro simulation software to determine the potential and performance of hybrid power
plants and SketchUp Pro software to produce three-dimensional layouts and economic and feasibility values
obtained through financial analysis. Technical aspects include producing an electrical energy system of 37,029
Whlyear, consisting of PV of 32,981 Wh/year and solar of 4,048 Wh/year with energy consumption of 33,850
Wh/year. The required fuel consumption is 2,086 L/year, with excess electricity of 931 kWh/year and renewable
energy penetration of 89.1%. From an economic perspective, planning this hybrid power system requires an
investment of 258.290.000 IDR, O&M costs of 19.350.600 IDR, and the cost of energy value of 1,352/kWh
IDR. In contrast, from the feasibility aspect of planning a hybrid electric power system, it is said to be feasible
because it produces a Net Present Value of 9,870,151 IDR, is more significant than zero, the Profitability Index
is 1.03 greater than one, the Internal Rate of Return is 8.90% greater than the credit interest rate of 8.43% and
the Payback Period required for return of capital is nine years nine months.
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1. Introduction
As the world's largest country, consisting of
around 17,500 islands with a population of about 220

battery configuration for a 4 kW power plant in
Lubumbashi, DR Congo, found that the PV system
was able to produce an energy surplus of 38% [4]. The

million people, Indonesia has significant challenges
in meeting its electrical energy needs [1]. Currently,
most electricity sources in Indonesia still depend on
fossil fuels, with more than 82% of electricity
produced from this source, while 18% comes from
renewable energy. Even though the potential for solar
energy in Indonesia reaches 207,898 MW, its
utilization is still very low, around 0.04% [2]. Amid
this context, Kodingare Island faces the problem of
electrical energy supply provided by diesel, which
can only operate for seven hours. Before being
supplied with diesel, Kodingare Island had a solar
power plant with a capacity of 11.72 kW [3]. This
PLTS can only operate for less than a year due to high
voltage caused by lightning and lack of adequate
maintenance.

Research evaluating the optimal solar panel and

Copyright © 2023. Owned by Author(s). This is an open-access article under CC BY-SA License.

system is designed with PV-Diesel with 70%
Renewable Penetration and 18 hours of autonomy as
a more economical alternative to increase
electrification in Indonesia with lower investment
costs [5]. Research that highlights the management of
redundant energy in PV-Battery-Diesel systems in
Palestine, resulting in efficient reduction of electricity
costs [6], as well as research that explores the
application of renewable energy to replace diesel
generators on remote islands of the Indian Ocean,
with the result that renewable energy contributes by
29.2%, reducing electricity costs and demonstrating
the feasibility of the technology for areas that do not
yet have access to electricity in Indonesia [7].
Therefore, this research will focus on modeling
and simulation using HOMER Pro software to
evaluate the potential and performance of the hybrid
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power system on Kodingare Island [8]. Apart from
that, economic aspects and planning feasibility will
also be essential aspects in optimizing this system.
Thus, this research aims to produce a design that
includes technical, financial, and feasibility aspects to
overcome energy challenges on Kodingare Island by
considering several advantages not available in
previous research, such as three-dimensional PV
layout planning and higher renewable penetration
contribution.

2. Experimental and Procedures
2.1 Economic Analysis

a. Initial Investment

The initial investment costs for a hybrid power
system on Kodingare Island include general costs for
all components and mechanical and electrical work
costs [9].

b. Maintenance and operational costs (O&M)
Operating costs include day-to-day expenses such
as fuel and labor. Meanwhile, maintenance costs
include expenses to maintain optimal condition and
performance through inspection, repair, and
replacement of worn or damaged components,
calculated using the following equation [10]:

M = 1%/2% x total initial investment costs (1)
where:
M = cost O&M (IDR).

c. Life cycle cost (LCC)

The concept of calculating total costs from start to
maintenance of the project. It includes all costs, such
as initial investment, operations, maintenance, and
replacement, calculated using the following equation
[11]:

_ a+i)"-1

AW - A[ i(1+i)n ] (2)
LCC using the following equation [11]:

LCC = Ct + AW (3)
where:

LCC = life cycle cost (IDR)

Ct = initial investment + component

replacement costs (IDR)
AW = present value costs for total

maintenance and operational costs for n
years of project life (IDR)
interest rate (%)
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d. Cost of Energy (COE)

Total energy costs are determined by LCC, capital
recovery factor, and total annual energy load,
calculated using the following equation [11]:

i(1+)"

CRF = oo (4)

COE for PV was calculated using the following
equation [11]:
LCC x CRF

COE = A RWh (5)
where:
COE =  cost of energy (IDR)
CRF =  capital recovery factor
LCC = life cycle cost (IDR)
Akwh = total annual energy Iload
(kWh/year)

interest rate (%)

i
2.2 Feasibility Analysis

a. Payback Period (PBP)

The time required for the investment that has been
issued to be returned to investors. The smaller the
PBP value, the better; the risk factor for the return on
capital will be faster in a short time, calculated using
the following equation [12]:

__ Initial Investment

PBP Total Net Cash (6)

b. Net Present Value (NPV)

NPV was used for comparison between the market
value of an investment and the cost itself. If the NPV
value is negative, the project is not recommended for
implementation; if the value is positive, then the
project is feasible to implement. The NPV value is
zero, meaning there is no difference if the project is
still implemented or rejected, calculated using the
following equation. [13]:

1

F= (a+it (7)
NCFt
NPV = Z?:lm —1I (8)
where:
NCFt = net cash flow for the period from

year 1 to year n (IDR)
investment age (year)

cost initial investment (IDR)
interest rate (%)

n
I
i

c. Profitability Index (PI)
Pl was used for showing the profits obtained from
a project within the life of the project; investment can
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Production KWh/yr | % Consumption kKWhyr | % Quantity kWh/yr| %

SunPower X21-335-BLK | 32981 89.1 AC Primary Load 33,580 100 Excess Electricity 931 251
Generac 30kW Protector 4048 109 DC Primary Load 0 0 Unmet Electric Load 0 0

Total 37029 100 Deferrable Load 0 0 Capacity Shortage 0 0
Total 33,580 100
Quantity Value | Units
Renewable Fraction 879 %

Max. Renew. Penetration 1,170 %
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Fig. 3. Hybrid Power Plant System Wiring
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be said to be feasible if Pl must be greater than 1
because 1 is the break-even point between the
investment value and profits, calculated using the
following equation [10]:

n  NCF(1+0)7t

Pl =31, 11 ©)
where:
NCFt = net cash flow for the period from
year 1 to year n (IDR)
n investment age (year)

cost initial investment (IDR)
interest rate (%)

d. Internal Rate of Return (IRR)

The discount rate that makes the present value of
all expected revenues equal the present value of all
costs involved in the project. The higher the IRR
value, the more profitable the project is, and projects
that have an IRR greater than the discount rate used
are considered feasible to run, calculated using the
following equation [13]:

. NPVr , ,

IRR = ir + (m)(w —ir) (10)
Where:
NPVr = net present value with low interest

rates (IDR)
NPVt = net present value with high interest

rates (IDR)
ir = low interest rates (%)
it = high interest rates (%)

2.3 Research Stages

The research begins with selecting a research area
based on the problems studied in the introduction. The
following process is to conduct a simulation using
HOMER software to produce technical aspects of
energy production to compare the power contribution
of each diesel, fuel consumption, excess electricity,
and renewable energy penetration.

Economic and feasibility aspects are carried out
using numerical calculations with financial analysis
methods with input from HOMER software output.
Economic elements include initial investment costs,
O&M costs, LCC, and COE. However, researchers
must determine the investment costs for designing the
hybrid power plant to get these results.

The feasibility aspect of this research is the design
performance evaluation aspect. Several standards in
this planning are based on the economic price per
kWh, PBP with a period shorter than the useful life,
positive NPV, IRR more significant than the credit
interest rate, and Pl more significant than one, where
the final stage of this research is designing the layout
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placement using SketchUp Pro software.

3. Results and Discussion
3.1 Electical Energy Load Profile

The first step in this design is to determine the total
daily load used. The daily load on Kodingare Island
is the electrical energy consumption load consisting
of household loads, mosque, school, healthcare, and
public toilets can be seen in Table 1.

3.2 Technical Analysis of HOMER Pro Software
Simulation

a. Total Electrical Energy Generated

The total energy generated from the Hybrid Power
Plant system can be seen in Figure 1 below.

It can be seen that AC load consumption is 33,580
kWh/year, where electricity production from solar
panels reaches 32,981 Wh/year or 89.1%, solar is
4,048 Wh/year or 10.9% of the total output and excess
electricity is 931 kWh/year and the renewable fraction
was 87.9% greater than previous research [5].

b. Fuel Consumption

Figure 2 shows data in the form of the amount of
fuel consumption used in supplying electrical power
to the load of 5.71 L/day and 2,086 L/year with the
energy generated of 4,048 Wh/year. The detailed data
obtained regarding fuel consumption can be seen in
Figure 2.

3.3 Hybrid Power Plant System Design
This hybrid power generation system uses three
sets of solar panels, each arranged in four series and

Table. 1. Estimated Electricity Demand of Kodingare
Island for 24 Hours

. . Total . Energy
Bl.jl_”d':g Qty Eq,L\J"apnTeem Qty P&v\v/;r Power T(lrr:;e Consumption
yp (kW) (kwh)

Lamp 4 10 4.800 8 38.400
TV 1 70 8.400 3 25.200
Household 120 Fan 1 40 4.800 4 19.200
Electrical
Device 1 14 1.680 4 6.720
Lamp 4 10 40 5 200
Amplifier 1 30 30 1 30
Mushalla 1
Fan 4 45 180 4 720
Loudspeaker 1 50 50 1 50
Lamp 4 10 40 5 200
School 1 Fan 3 20 80 5 400
Lamp 2 10 20 5 100
Health 1 Fan 2 20 40 5 200
Center Electr_lcal 20 20 5 100
Device
Public 2 amp 1 10 70 5 350
Restroom
Total 20.160 91.870
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three parallel, where each set of panels has a capacity
of 5,640 Wp, which is connected to an inverter, each
with a total of 8 kW. This Hybrid Power Generation
System uses 48 batteries arranged in series, 24 with 2
in parallel, and one diesel power with a capacity of 30
kW. Equipped with a DC and AC protection system
and an ATS as a switch from the generating source.
The wiring diagram for this Hybrid Power Plant
system can be seen in Figure 3.

3.4 Economic Analysis

a. Initial Investment Cost
All costs incurred for the construction of the
Hybrid Power Plant system as shown in table 2.

b. Operational and Maintenance Cost

The total costs incurred for O&M costs of a hybrid
power plant include the purchase of generating fuel
costs and a cost of 2% of the total initial investment
costs, where the calculation of O&M costs can be

Table. 2. Initial Investment

Unit Prie Subtotal
No Component Qty (IDR) (IDR)
Main Component

1 Diesel 30 kW 1 - Available
2 Solar Panel 470 Wp 36  2.800.000 100.800.000
Inverter 8 KW 3 10.500.000 31.500.000

4 Battery 2V 1500 Ah 39 - Available
5 Battery 2V 1500 Ah 9 6.650.000  59.850.000
Total Price A 192.150.000

DC Side Protection Device
1 Panel Box 2 238.000 476.000
2 NT Fuse 35A 3 25.000 75.000
3 MCB DC 40A 3 56.000 168.000
4 MCB DC 125A 3 215.000 645.000
5 Aurrester SPD 500V 3 145.000 435.000
Total Price B 1.799.000
AC Protection Device
1 Panel Box 1 335.000 335.000
2 MCB AC 125A 2 215.000 430.000
3 MCB AC 32A 3 118.000 354.000
4 Avrrester AC SPD 1P 1 140.000 140.000
Total Price C 1.259.000
Cable
1 NYAF 1x10 mm 15 22.000 330.000
2 NYAF 1x16 mm 1 1.600.000 1.600.000
3 NYYHY 2x25 mm 10  1.800.000 18.000.000
4 NYAF 50 mm 20 100.000 2.000.000
5 NYA 50 mm 30 90.000 2.700.000
Total Price D 26.830.000
Other Components

1 PV Support 1 Available
2 Distribution Pole 10 Available
3 Lightning Rod 1 - Available
4 Connector MC4 10 40.000 400.000
5 ATS 1 450.000 450.000
6 Copper Busbar 5 50.000 250.000
7 Din Rail 6 17.000 102.000
8 PVC AW 1/2 Inci 50 10.000 500.000
9 Grounding 1.5 m 4 55.000 220.000
10 Terminal Block TB 2 10.000 20.000
11 Cable Clips 10 mm 50 4.000 200.000
13 Tiger Nail Clamps 5 22.000 110.000
14 Installation Service 17 2.000.000 34.000.000
Total Price E 36.252.000
Initial Investment 258.290.000
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seen as the calculation below.

Operational costs can be calculated based on fuel
consumption worth 6.800/Liter IDR [14] and fuel
consumption of 2.086 Liters with the following
calculations:

Operational Cost  =2.086 % 6.800

=14.184.800 IDR

Hybrid power plant maintenance costs per year are
calculated with the following equation:

= 2% x Initial Investment
= 2% x 258.290.000
=5.165.800 IDR

With a total O&M cost of 19.350.600 IDR.

c. Lyfe Cycle Cost

The plan is that this Hybrid Power Plant can
operate for 25 years based on the age of the solar
panels. The interest rate used is 8.43% [15], and the
operating cost is 14.184.800 IDR, which can be
calculated using the following equation:

1+ -1
i(1+0)n 1
(1+0.0843)%5 — 1
0.0843(1 + 0.0843)25
= 14.184.800 x 10.28
= 145,819,744 IDR

Maintenance Cost

AW =4 x |

AW = 14.184.800 x [

From the fixed cost of maintenance over 25 years,
the LCC can be determined as follows:
LCC =Ct+ AW
=(258,290,000 + 63,000,000) + 145,819,744
=467,109,744 IDR

Based on the above calculations, the life cycle cost
of a Hybrid Power Plant is 467.109.744 IDR.

d. Cost of Energy

The Capital Recovery Factor (CRF) to convert all
life cycle cost cash flows into a series of annualized
costs is calculated using the following equation:

iA+"

CRF_(1+i)n—1
_ 0.0843(1+0.0843)25
T (1+0.0843)25-1

_ 0638

T 6.564
=0.0972
Based on the calculation of LCC, CRF, and total

annual energy for a load of 33,580 Wh, it is possible
to determine the COE with the following calculation:

LCC x CRF
COE = —wn
_ 467,109,744 x 0.0972
33,580
73
() DO
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Table. 3. Net Present Value
Net Present Value

Initial
Year Investment NCF (IDR) DF FZ\I/[’)\IRC)F
(IDR)
0  258.290.000 1 258.290.00
1 26.049.960 0,922 24.024.680
2 26.049.960 0,851 22.156.857
3 26.049.960 0,784 20.434.249
4 26.049.960 0,723 18.845.568
5 26.049.960 0,667 17.380.400
6 26.049.960 0,615 16.029.143
7 26.049.960 0,567 14.782.941
8 26.049.960 0,523 13.633.627
9 26.049.960 0,483 12.573.667
10 26.049.960 0,445 11.596.114
11 26.049.960 0,411 10.694.563
12 26.049.960 0,379 9.863.103
13 26.049.960 0,349 9.096.286
14 26.049.960 0,322 8.389.086
15 26.049.960 0,297 7.736.868
16 26.049.960 0,274 7.135.357
17 26.049.960 0,253 6.580.612
18 26.049.960 0,233 6.068.996
19 26.049.960 0,215 5.597.155
20 26.049.960 0,198 5.161.999
21 26.049.960 0,183 4.760.674
22 26.049.960 0,169 4.390.551
23 26.049.960 0,155 4.049.203
24 26.049.960 0,143 3.734.393
25 26.049.960 0,132 3.444.059
Total 268.160.151
Diskonto Annuities 10,29

=1,352/kWh IDR
The COE value obtained is lower than the

electricity price in the previous research system
design [5][6][7].

3.5 Feasibility Analysis

a. Payback Period
Calculation of energy cost as energy:

Cash Inflow = Total Energy Consumption X
Selling Price of Electricity
=33.580 Wh/year x 1.352
=45.400.160/year IDR

Cash Outflow = PV Maintenance+Op.Diesel
=5.165,800 +14.184.400
=19.350.200/year IDR

Net Income = Cash Inflow - Total Expenses
=45.400.160 — 19.350.200
= 26.049.960/year IDR

Based on the calculation of LCC, CRF, and annual
kWh above, the COE value is obtained with the
following calculation:

Payback Period =

Initial Investment

Net Income
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_ 258,290,000
26,049,960
= 9 Years 9 Months

b. Net Present Value

The NPV value is calculated by looking at the total
net income to get the NPV value of a system, then the
future value or total net income is compared to the
value of the present value of the system or the initial
investment of the plant. The NPV value can be
obtained based on the following equation.

Table 3 shows that the total present value of the
net cash flow as a result of multiplying the net cash
flow by the discount factor is 268.160.151 IDR; if the
initial investment is 258,290,000 IDR, then the NPV
can be calculated as follows:

NPV = Zn NCF
t=1 (1 + D)t
= 268.160.151 — 258.290.000
=9.870.151 IDR

c¢. Internal Rate of Return

To determine the IRR value when NPV = 0, the
interpolation method is used between interest rates
that produce positive NPV and interest rates that pay
negative NPV, where the low interest rate used is 7%,
and the high interest rate is 9%. The NPV value with
a low-interest rate can be obtained based on the
equation below.

From the table above, the data as shown in Table
4 below is then calculated using the following
equation:

IRR =1 +< NPV )(It Ir)
" T\NPVr —NPVL "
_ 45,285,376
=7%+ (45,285,376—(—2,412,194)) (9% - 7%)

= 8.90%

Obtaining an IRR value of 8.90%, higher than the
credit interest rate of 8.43%, which is why the Hybrid
Power Plant plan is considered feasible on Kodingare
Island.

d. Profitability Index

With a total net cash flow present value of
268.160.151 IDR and an initial investment cost of
258,290,000 IDR, the PI value can be calculated as
follows:

n NCFt,(1+i)™t

Profitability Index = z
t=1 II

- 268,160,151
258,290,000
=1.03
74
N0l
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Table. 4. Interest Rate 7% and Interest Rate 9%
Net Present Value

Year NCF DF PVNCF DF PVNCF
(IDR) (7%)  (IDR) (9%)  (IDR)
0 1 258.290.00 1 258.290.00
1 26.049.960 0,935 24.345.757 0,917 23.899.046
2 26.049.960 0,873 22.753.044 0,842 21.925.730
3  26.049.960 0,816 21.264.527 0,772 20.115.349
4 26.049.960 0,763 19.873.390 0,708 18.454.448
5 26.049.960 0,713 18.573.261 0,650 16.930.687
6 26.049.960 0,666 17.358.188 0,596 15.532.740
7 26.049.960 0,623 16.222.606 0,547 14.250.220
8 26.049.960 0,582 15.161.314 0,502 13.073.597
9 26.049.960 0,544 14.169.452 0,460 11.994.125
10 26.049.960 0,508 13.242.479 0,422 11.003.785
11 26.049.960 0,475 12.376.148 0,388 10.095.215
12 26.049.960 0,444 11.566.494 0,356 9.261.665
13 26.049.960 0,415 10.809.807 0,326 8.496.941
14 26.049.960 0,388 10.102.624 0,299 7.795.358
15 26.049.960 0,362 9.441.704 0,275 7.151.705
16 26.049.960 0,339 8.824.023 0,252 6.561.197
17 26.049.960 0,317 8.246.750 0,231 6.019.447
18 26.049.960 0,296 7.707.243 0,212 5.522.428
19 26.049.960 0,277 7.203.031 0,194 5.066.448
20 26.049.960 0,258 6.731.805 0,178 4.648.118
21 26.049.960 0,242 6.291.406 0,164 4.264.328
22 26.049.960 0,226 5.879.819 0,150 3.912.228
23 26.049.960 0,211 5.495.158 0,138 3.589.200
24 26.049.960 0,197 5.135.662 0,126  3.292.844
25 26.049.960 0,184 4.799.684 0,116 3.020.957
Total 303.575.376 255.877.806
NPV 45.285.376 NPV  -2.412.194
Diskonto Annuities 11,65 9,82

The results of the PI calculation, which has a value
of 1.03> 1, indicate that the Hybrid Power Plant
investment on Kodingare Island to be planned is
feasible.

3.6 Layoutin 3D

This project was carried out by redrawing the
layout of the placement of solar panels, inverters,
batteries, and various other components using
SketchUp Pro software. The final design can be seen
in Fig. 4 and Fig. 5.

4. Conclusions

Based on the design results, it is designed to
produce electrical energy of 37,029 Wh/year and
energy consumption of 33,850 Wh/year. With excess
electricity of 931 kWh/year. From an economic
aspect, this system requires an investment of
258.290.000 IDR, O&M costs of 19.350.600 IDR,
and the cost of energy value is 1.352/kWh IDR while
from the feasibility aspect, this system is said to be
feasible because it produces a net present value
greater than zero, a profitability index more
significant than one, an internal rate of return more
significant than the credit interest rate and the
payback period required to return capital is 9 years 9
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Fig. 5. Inside View Layout

months.
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