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Though the most plentiful renewable energy, solar energy is not yet being used to its
full potential. A growing number of industries are developing photovoltaic technology,
which uses solar energy to create electricity. Furthermore, the integration of
photovoltaic systems into residential areas in the form of Hybrid PV-hydroelectric
generator technology has attracted significant attention. This study is dedicated to a
meticulous economic evaluation of this hybrid system, utilizing a simulation
methodology facilitated by the Hybrid Optimization Model for Electric Renewable
(HOMER). The geographical scope of this simulation is Semarang, the provincial
capital of Central Java. The outcomes of this investigation are auspicious, primarily
attributed to the meticulous optimization of monthly energy production coupled with
minimal maintenance costs and lucrative investment prospects. Through
comprehensive simulations, the PV-Hydro generator system has emerged as the most
suitable option for Semarang. This determination is founded upon an in-depth
comparative analysis of energy output and economic viability. As a result of the
feasibility research, the suggested system has an extremely short payback period of 2.41
years, a huge 76% Internal Rate of Return (IRR), and an astounding 55% Return on
Investment (ROI).

1. INTRODUCTION

The need for electrical energy is an essential matter for
today's modern society. The recent swift economic expansion
and population surge are hastening the rise in electricity
consumption [1]. According to the International Energy
Agency (IEA)'s 2017 World Energy Outlook, the world's main
energy consumption is expected to expand at a compound
annual growth rate (CAGR) of 1.0% between 2016 and 2040.
[2]. This is due to population growth and the increasing need
for electrical energy, so the availability of this energy is
essential for everyone [3]. However, using fossil fuels as a
source of electrical energy is in the spotlight because it
produces greenhouse gases, especially carbon dioxide, which
plays a vital role in global warming. The impact is extreme
climate change in various countries [4]. Thus, one of the most
important ways to reduce the consequences of global warming
is to generate power using renewable energy sources instead
of fossil fuels [5].

Security problems related to technology, economy, and
environment must be the main emphasis of policies pertaining
to the use of innovative and renewable energy sources as a
source of electrical energy [6]. Therefore, renewable energy
can be used as an alternative energy solution to overcome the
electricity crisis in the Indonesian archipelago [7]. When used
to its full potential, solar energy is a cheap, plentiful, and clean
renewable energy source [8]. Indonesia is a tropical area with

783

a relatively sizeable light intensity and potential for renewable
energy development of up to 112,000 GWp [9, 10].

Around 4.5 kWh/m?/day of solar radiation is found in
Indonesia’s western area, whereas 5.1 kWh/m?/day is found in
its eastern part. As a result, Indonesia has a potential for solar
radiation of about 4.8 kWh/m?/day on average [7]. With an
average speed of between two and seven meters per second,
Indonesia offers a promising future for wind energy
development. By using small- and medium-sized wind power
facilities that are appropriate for Indonesia [8]. Indonesia
began operating a 75 MW commercial wind power project in
2018. In the meanwhile, growth of 1800 MW is predicted by
2025 [9] to develop micro-hydro systems that have yet to be
utilized by 8%. Hydro energy reaches 75 GW [11].

Solar energy has the most development potential and should
be fully used, based on Indonesia’s capability for producing
power. Combining solar photovoltaic (PV) electricity with
another controlled power source—Ilike hydroelectric power—
is a frequent strategy to make PV power more manageable and
less disruptive to the grid [12], thermal power plant [13],
hydroelectric generator with pump [14], and battery [15],
being a system of hybridity. The energy source hydropower is
economical, sustainable, and clean. Since it is highly adaptive,
combining solar PV with large-capacity hydropower is seen to
be an effective strategy for responding swiftly to variations in
solar PV. In order to accept large-scale solar PV electricity
[16].
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According to the Central Java Province’s 2018
electrification ratio, which was 85.29%, efforts are still
required to fulfil the population’s need for energy, mainly
through the construction of micro-hydro and solar power
facilities [17]. In order to characterize the possible use of a
grid-connected PV-wind hydropower hybrid system, this
research takes into account the load needs, potential for
renewable energy, as well as the capacity and make-up of the
power generating system in residential areas of Semarang,
Central Java (Figure 1).
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Figure 1. Residential area in Semarang

This research can solve the aforementioned issues by taking
into account crucial elements including load needs, renewable
energy potential, and the capacity and make-up of the power
producing system. To calculate the time required to recoup
investment, user fees and payback periods are also included in
the techno-economic study [18]. The research aims to analyze
and predict the profits from investing in a solar power
generation system in Semarang over a specific period.
Through this research, it is hoped to discover a hybrid system
with the most profitable configuration and wide-ranging
applications.

2. METHODOLOGY

HOMER is commonly used to conduct analyses related to
investment opportunities in renewable energy development
using feasibility analysis with adjustable project timelines [19,
20]. Investment opportunities in renewable energy, such as
solar power, may foresee the possible profits or losses from
the modeled system using projections supplied by HOMER.
The investment estimates may offer a workable way to
produce power in isolated locations without incurring undue
expenses [21, 22]. The HOMER database is utilized to assess
various geographic circumstances such as air temperature,
wind speed, sun radiation, and urban loads [23-25]. PV system
modeling is designed considering relevant components.
Technical-economic analysis is valuable for evaluating several
proposed schemes’ most profitable system configurations and
settings.

2.1 PV system design

Semarang is the capital of Central Java province with a large
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industrial area. Its location is highly strategic and accessible
by land, sea, and air transportation. This easy accessibility has
resulted in a high level of pollution, which needs to be reduced
by implementing renewable energy [26]. The chosen research
location is in the southern part of Semarang City. The
implementation plan for the Hybrid PV-Hydroelectric
Generator system is clearly illustrated in Figure 2, indicating
that renewable energy can be a promising option to tackle
pollution challenges and enhance environmental sustainability
in this area.
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Figure 2. Configured hybrid photovoltaic system design

For the created system, the configured system period is
projected to be 25 years. Based on the PV panels' anticipated
lifetime and the assumption that they are maintained under
ideal circumstances, this time estimate was created. Using
HOMER's data for the Generic Flat PV model, a predicted
return on investment study was carried out. Central Java's
inflation rate was 5.22% in March 2023, according to the
Central Statistics Agency (BPS) [27]. Moreover, in March
2023, BI's discount rate was 5.75% [28]. Figure 3 below
displays the estimated value that was provided.

Discount rate (%): 5.72 @
Inflation rate (%): 5.22 @
Annual capacity shortage (%): 1.00 @
Project lifetime (years): 25.00 @

Figure 3. Yearly inflation

The PV size should, in general, be able to provide the peak
power that the load requires. The unmet demand and the
percentage of renewable energy in the system, among other
system limits, determine the PV module's size. An inverter in
a grid-connected photovoltaic system changes the direct
current (DC) that the photovoltaic system produces into
alternating current (AC), which may be sent to the load side
[19]. Table 1 displays the technical and financial specifications
of the different hybrid system components.



Table 1. Hybrid system components

Parameter Capital (IDR) Replacements (IDR) O&M (IDR) Lifetime
Generic Generators 248,000,000.00 135,000,000.00 6,754,000.00 20,000 hours
Converters 11,533,000.00 11,533,000.00 225,990.00 20 years
Battery 9,259,900.00 9,259,900.00 800,132.00 15 years
PV Arrays 35,198,000.00 35,198,000.00 119,652.00 25 years
Generic Hydro 159,845,000.00 118,423,000.00 6,795,000.00 30 years
2.2 Data collections average daily consumption of 11.26 kWh in Indonesia and a

maximum peak load of 2.09 kW, the average consumption
The HOMER has certified the projected load of power load is calculated for the Semarang region [29]. According to

consumption for residential areas in Semarang. Assuming an Figure 4, the utilization burden is computed on a monthly basis.
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Figure 4. Semarang's electrical load
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Figure 8. Monthly average radiation intensity

Through Design Homer Pro's Resources tool, you may get
information on solar radiation, wind speed, water flow
velocity, and ambient temperature in the South Semarang
location that was derived from NASA Predictions of
Worldwide Energy Resources. Monthly averages for global
radiation during a 22-year period, average air temperature over
a 30-year period, and average wind speeds at 50 meters above
Earth's surface are provided by this feature [30]. The average
temperature in the southern Semarang residential area is
depicted in Figure 5. The average yearly temperature in this
area is 24.82°C. October saw the greatest temperature of
26.01°C, while July saw the lowest temperature of 23.89°C.
The wind speed in this residential area is shown in Figure 6.
Wind speed on average is 4.22 m/s per year. The windiest
month was August with 3.72 m/s, while the highest, 4.88 m/s,
was recorded in December. The water flow velocity in this
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location, with an annual average of 173.33 (L/s), is depicted in
Figure 7. Meanwhile, Semarang's average solar radiation is
seen in Figure 8. The sun radiation average per year is 4.80
kWh/m?/day. On September 5, the radiation level was at its
peak.

2.3 Techno-economic analysis

The HOMER application's simulation results yield
economic analysis. The cost of capital owned (IDR), the cost
of replacing components (IDR), and the cost of operation and
maintenance (IDR/year) all go into the price of a PV series. In
the HOMER simulation process, economic value is crucial
since it determines the system configuration with the lowest
Net Present Cost (NPC) through operational procedure. The
following formula is used by HOMER to determine this [31]:



—_Canntot
CRF.i.Rproj

CNPC (1)

where, Cum, tot: Total annual fees (IDR/year); CRF: Capital
recovery factor; i: Interest rates; IDRproj: age/service life
(years).

The remaining amount in the HES component is known as
the salvage value. This had a big impact when the project was
finished. NPC and was computed in this way [32]:

SC=Crrem

com

2

where, cr: Replacement Cost (IDR); L,.n: Remaining life of
the component (years); Lcon: Component lifetime (year).

The average cost per kWh of useable electrical energy
generated by the system is known as the Cost of Energy, or
COE. The formula for COE is as follows [33]:

Cann,tot
COE Lprim,AC+Lprim,DC (3)

The AC and DC loads on the system are denoted by Lprim,
AC and Lprim, DC. HOMER is capable of doing a techno-
economic analysis of the system assessment by taking into
account several factors related to Egs. (1) and (3). Over a 25-
year period, energy optimization and return analysis are also
conducted. With up-to-date data, HOMER can perform all
computations and power collecting procedures.

3. RESULT

The findings of the techno-economic study and the
optimization of solar PV combined with generators are
covered in this part. First, the optimization findings are

described; next, the techno-economic analysis results are
briefly provided.

3.1 Electrical generation

The suggested plan is put together before running a
HOMER simulation. The precise specs and pricing of the
suggested hybrid PV-hydroelectric generator systems are
available for every pre-specified location. As seen in Figure 9,
the system linked to the main grid is made up of PV panels,
micro hydrogenerators, converters, and batteries. The system
optimization and techno-economic analysis results in the
southern half of the Semarang residential area show that this
system can work appropriately based on the environmental
circumstances that have been carried out.

The power output produced by the solar panels utilized is
displayed in Figure 10. With excellent results from 07.00 to
17.00 in that time zone, the average nominal power output per
day in this system is 1.31 kW, with a daily production potential
of up to 31.3 kWh/d. Has a 11,438 kWh yearly output. The
output power simulation results for this system using the
Homer program are displayed in Table 2.

AC DC )
Genera‘t9r Electric Logd #1 PV | 9 |
B= — =
) i 11.26 kWh/d ) i
2.09 kW peak
Hyd100 Converter Li-Batt
\lZ
K-

Figure 9. Designed hybrid system configuration
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Figure 10. Solar PV outputs

Table 2. PV output values

Quantity Value
Rated Capacity 8.11 kW
Mean Output 1.31 kW
Mean Output(daily) 31.3 kWh/d
Capacity Factor 16.1%

Total Production 11,438 kWh/yr

The diesel system combined with PV, on the other hand, has
a maximum output power of 2.09 kW and an average output
power of 0.469 kW. A typical diesel generator with a capacity
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factor of 21.8%, as indicated in Table 3, has an annual
production of Figure 11.

Table 3. Generator output value

Quantity Value
Capacity 2,299 kW
Mean Output 3.06 kW
Maximum Output 4.07 kW

Capacity Factor 2.62%

Hours of Operation
Energy Production

8,757 hrs/yr
11,576 kWh/yr




Generator Power Output

|| | |

Lo, |
) 1 L | |
gl AINE Ay AN
ftmn 1 Rl

ALl | ||
AL L L LD LN N
" I

| |
L | | | MHin
I ENIIA ]

A ||

1
1|1
N

| |
\ \ | || N

| L I
AN LN AL IR IS - .
i B | i

P
LU R L

'5.0 kw
|

4.0 kw
J—&o kw
2.0 kw

1.0 kw

|
1 Mo\ Al

LI TR TR LY LI

e rem

1T T

| } | | |

(TN T TR N T N
RMAIM'Y UFRLIBRLURRIULUE BRIRFIF U
im | I

0 kw

Figure 11. Micro hybrid-generator output

3.2 Economic feasibility

A critical feasibility assessment is conducted as an
economic analysis to test the project's financial feasibility
within the proposed timeframe. In addition, this economic
feasibility test is also helpful as a comparison between the
costs that must be incurred and the benefits that will be
obtained. Three important factors need to be taken into
account while doing a feasibility analysis: initial investment,
return on investment (ROI), and internal rate of return (IRR).

Comparison between the main components of economic
feasibility projected by the system for 25 years obtained a ratio
of 55% ROI and 76% IRR. Besides that, for 2.4 years, simple
payback can be obtained periodically. In addition, it is
essential to compare several other economic matrices as an
index for the feasibility test of the proposed system. NPC,
CAPEX, and OPEX can be used as considerations in this
electricity generation system, while the effects of emissions
also need to be considered, as shown in Table 4.

Rp0

-Rp500,000,000

-Rp1,000,000,000

Cumulative Nominal Cash Flow (Rp)

-Rp1,500,000,000

The suggested system has strong test feasibility and a lot of
promise, as seen by Table 4's reduced total NPC when
compared to the standard system [21]. As demonstrated in
Figure 12 by a drop in investment expenses over the duration
of the system's operation. Additionally, Table 5 provides
information on the overall cost of NPC in residential areas of
Semarang, the southern metropolis, during the course of the
system's 25-year deployment.

Table 4. Economic comparison of systems

Proposed
Name Base System System
Net Present Cost IDR 1.52B IDR 659M
CAPEX IDR 284B IDR 332B
OPEX IDR 52.7M IDR 13.9B
LCOE (per kWh) IDR 15,763 IDR 6,822
CO: Emitted (kg/yr) 35,755 3,098
Fuel Consumption (L/yr) 13,578 1.176

-Rp2,000,000,000
0 5

Lowest Cost System
W Base Case

Year

Figure 12. Comparison of hybrid PV-hydroelectric generator systems

Based on the NPC cost figures in Table 5, an IDR 659
million total system cost and an IDR 232 million yearly
running cost are determined. Furthermore, a value per kWh of
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IDR 6,822 is attained for the energy expenses optimized using
the technology. This power is produced for 56% less money
than the base system's electricity. Table 6 illustrates how



HOMER may compute the precise yearly expenses of utilizing
the PV-hydroelectric generator hybrid system components in
addition to the NPC's overall cost.

Table 6 provides a breakdown of all NPC expenses incurred
during the course of the 25-year HRES system. The average
annual cost of using components is displayed in Table 5.
Annual Operating and Maintenance Costs: IDR 2,400,396.00
for batteries; IDR 4,606.00 for generator; IDR 6,795,000.00

for generic hydro; and IDR 864,497.50 for converter. It is well
known that, as compared to other components, Generic Hydro
has the highest O&M expenditures. Based on the projected
project timeframe, PV panels and generators have a 25-year
lifespan, thus component replacement is not necessary. With a
15-year lifespan, a new battery would set you back IDR
4,438,288.

Table 5. Details of the total cost of the NPC

Name Capital Operating  Replacement Salvage Resources Total
Converters IDR2.88B IDR 1.33B IDR 2.62B -IDR 1.92B IDRO0.00 IDR 4.91B
Generator IDR 124B IDR. 14.1B IDR0.00 -IDR 5.20M 1IDR 11,068 1IDR 133B
Generic Hydro IDR160B  IDR 160 B IDRO0.00 IDRO0.00 IDRO0.00 IDR 320M
Battery IDR 27.8B  IDR 56.5M IDR 105B -IDR 4.84M  IDRO0.00 IDR 184B
PV IDR 17.8B IDRO0.00 IDRO0.00 IDRO0.00 IDRO0.00 IDR 17.8B
System IDR 332B  IDR 232B IDR 107B -IDR 12.0M IDR 11,068 IDR 659M
Table 6. Details of the cost of using components every year
Name Capital Operating  Replacement Salvage Resources Total
Converters IDR 1.12B  IDR864,498 IDR 111,500  -IDR 81,666 IDR0.00  IDR 208,921
Generator IDR 5.27B IDR 4.61B IDRO0.00 -IDR 220,931 IDR470.58 IDR 5.65B
Generic Hydro  IDR 6.80M IDR 6.79B IDRO0.00 IDRO0.00 IDRO0.00 IDR 13.6M
Battery IDR 1.18B IDR 2.40B IDR 4.44B  -IDR 205,815  IDRO0.00 IDR 7.82B
PV IDR 758,342 IDRO0.00 IDRO0.00 IDRO0.00 IDR0.00  IDR 758,342
System IDR.15.1B IDR1045M IDR4.56B  -IDR 508,412 IDR470.58 IDR 28.0M

There is an output power analysis in addition to the cost
analysis. Figure 13 displays the monthly power generation
from the PV-Hydroelectric Generator panel. This picture
illustrates how monthly geographical circumstances affect the
amount of power generated by the PV panels, as Figures 5-8
indicate 13,737 kWh of power are produced annually in total.
The amount of clean energy produced annually by PV panels
and hydro-generators amounts to 11,438 kWh, or 16.7% of
total energy produced.

Based on the outcomes of the HOMER software simulation,
it is possible to install a hybrid power generating system in this
residential section of the city that combines solar energy,
generators, and micro-hydro energy. Because the other major
components have a longer lifespan and more operating hours
than the project, only a small amount of maintenance will be

needed during the course of the project's 25-year duration.
Sensitivity analysis is conducted to anticipate potential
future value changes. Major sensitivity factors in the hybrid
power system configuration involve daily load consumption
and fuel prices. Fuel prices are assumed to experience annual
inflation at predetermined rates, and daily load projections are
made for the next 25 years based on HOMER data from
previous decades. Simulation results indicate that in terms of
project cost flow, hybrid power system components will add
value in the project's final stage. In the future, investment costs
for hybrid system components can be reduced by enhancing
efficiency compared to conventional systems. This will further
enhance the appeal of hybrid systems over time due to their
reliability, continuous operation, and low pollution levels.
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Figure 13. Monthly electricity production
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4. CONCLUSIONS

This study compares the costs and benefits of installing
solar panels with a hybrid PV-hydro generator system. The
outcomes demonstrate that the hybrid system has lower
investment costs and is more lucrative. While the conventional
system can reach 1.52 billion IDR with an annual inflation rate
not surpassing 5.22%, the hybrid system has a total cost of 659
million IDR. According to tests of economic viability, the
hybrid system may make up to 56% in profit. The feasibility
analysis yielded compelling results, showing a noteworthy
76% Internal Rate of Return (IRR), an excellent 55% Return
on Investment (ROI), and an exceptionally quick payback
period of 2.41 years for the proposed system.

Based on some results simulated using HOMER, the PV-
hydroelectric generator hybrid system can produce even more
impressive profits, with the energy produced per year reaching
13,737 kWh. This research is expected to aid in exploring the
use of solar energy alongside other renewable energy sources,
modelling the most suitable hybrid system while considering
supportive  geographic  potentials. Moreover, surplus
electricity can also be sold to help reduce conventional
electricity production capacity. Several configurations can be
developed more variably, focusing on higher profits and
broader applications. However, it is essential to note that
different geographical conditions pose a challenge in
developing this hybrid system.
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