JURNAL NASIONAL TEKNIK ELEKTRO - VoL. 10 No. 2 (JuLy 2021)

Auvailable online at : http:/jnte.ft.unand.ac.id/

Jurnal Nasional Teknik Elektro

| ISSN (Print) 2302-2949 | ISSN (Online) 2407-7267 |

F\\"@ww nﬁ

NI=—

Jurnal Nasional Teknik Elektro

Optimization of the Hybrid System for Micro Hydro, Photovoltaic and Biomass
Power Generation in Senamat Ulu Village Using Homer Simulation

Elsi Alfionita Syawal, Refdinal Nazir

Universitas Andalas, Kampus Limau Manis, Padang, 25163, Indonesia

ARTICLE INFORMATION ABSTRACT

Currently, the supply of electrical energy is still not fulfilled in some areas due to the depletion
of conventional energy sources and fossil energy. The ideal alternative energy is renewable
energy that does not have the potential to run out such as solar energy, biomass and water.
Senamat Ulu is a village in Bungo Regency that has the potential for biomass power generation
because it has a lot of palm oil plantations covering an area of 3,917 hectares with an average
production of 6,901 tons per year. Based on the coordinates of the center of the village,
simulation Homer scored solar radiation of 4.43 kWh / m2/ day for Ulu Senamat area. The
purpose of this research is to obtain the amount of biomass energy potential and the optimal
model for the hybrid system of power generation in Senamat Ulu Village. From the results of
the study, it was found that the potential for electrical power from the biomass power plant in
Senamat Ulu was 6,113.65 kW consisting of 2,189.08 kW shells and 3,924.57 kW palm fiber.
The most optimal generator model is simulation I in terms of the smallest NPC and COE
economies, namely NPC $ 275,091 and COE $ 0.0768/kWh where Biomass is 49,946 kWh/year
at a cost of $ 0.0271/kWh, PV 26,681 kWh/year with electricity price of $ 0.107/kWh, Micro
hydro 156.025 kWh/year with electricity price of $ 0.00992/kWh, Storage Li-ion 8,643
kWh/year and converter 288,331 kWh/year and the time required to payback is 5.8 years.
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been able to supply electricity optimally because the generating
capacity is only 27 kW. Therefore, the hybrid system is a way to
meet the electricity needs in Senamat Ulu village.

INTRODUCTION

Currently, the supply of electrical energy is still not fulfilled in
some areas due to the depletion of conventional energy sources
and fossil energy. Alternative energy can solve the problem of
electrical energy. The ideal alternative energy is renewable
energy, in other words the energy does not have the potential to
run out such as solar energy, biomass, heat and others.

An efficient and reliable hybrid system design is obtained based
on the correct combination of renewable energy sources, the
climatic conditions of the area under study and the initial cost of
the system components. To reach the optimal solution, intensive
research has been carried out as in [1]-[4]. Several types of
optimization methods are needed to obtain the optimal design of

Palm oil waste has the potential as biomass energy where the the hybrld SyStem in order to achieve the Optlmal combination of

waste is used as a substitute for coal which is used as fuel in
Biomass Power Plants. Senamat Ulu is a village in Regency
Bungo that has the potential for a biomass power plant (PLTB)
because it has a lot of oil palm plantations covering an area of
3,917 hectares with an average production of 6,901 tons per year.
Therefore, Senamat Ulu has a great opportunity to utilize palm oil
waste as a Biomass Power Plant. In addition, Senamat Ulu also
has the potential for renewable energy from sunlight sources.
Based on the coordinates of the center of the village, simulation
Homer scored solar radiation of 4.43 kWh / m2/ day for area
Senamat Ulu data sourced from the US space agency (NASA).
The use of renewable energy in the hybrid generation system will
later be able to meet the electricity needs in Senamat Ulu. The
electricity supply in Senamat Ulu Village is supplied by utilizing
amicro hydro power plant (PLMH). However, the PLMH has not
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renewable sources. Recently, various researchers have utilized
algorithms in hybrid system optimization. Kalan tar et al [5],
utilized a genetic algorithm (GA) to reduce the annual cost of
isolated micro turbines/wind turbines with battery storage
systems. Koutroulis et al [6], have also developed a genetic
algorithm to achieve the optimal size of isolated hybrid systems.
Singh et al [7] used antechnique artificial bee colony (ABC)to
conduct a feasibility study of a photovoltaic (PV)/wind/biomass
system, the results of the proposed algorithm were compared with
the HOMER software and the results of the particle algorithm
swarm optimization (PSO).

Paliwal et al [8] used a formal method to determine the optimal
source grouping for an autonomous system. PSO has been applied
to find the optimal size for each hybrid system equipment. Sharafi
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& EL Mekkawy [9], have proposed a multi-objective PSO
approach to optimize the size of the hybrid system depending on
the emissivity constraints that have been used to reduce system
costs, unmet loads and greenhouse gas emissions.

Based on the above conditions, the author takes a title
"Optimization of Hybrid Systems for Micro-hydro,Power Plants
Photovoltaic and Biomassin Senamat Ulu Village Using HOMER
Simulation™ which is written in this thesis. The illustrated system
selects three types of energy sources: micro-hydro, photovoltaic
and biomass.

PV-Wind Micro Hydro

Hybrid Generating System (PH)

The hybrid generating system is to connect various generating
units with a battery storage system so as to increase the energy
supply period and optimally utilize the available renewable
energy resources and ensure the reliability of energy supply. To
deal with unpredictable weather conditions and to put the energy
supply system at load in the worst conditions, this strategy
requires large energy storage capacity and costs a lot of money.
However, the solution to this problem is to supply energy from
the battery during cloudy weather periods and there is another
backup supply (usually a diesel generator).

Introduction provides adequate background or context (problem
and its significance) of the study. The subject should not be
written extensively. It is expected that rationale or purpose of the
study (gap analysis), the objective in general and specific, and
hypothesis (if any) should be expressed clearly. Present a clear
"state of the art" of the subject, which discussed literature and
theoretical concepts behind it. A concise general background may
be included in the article. Present at least 5 (five) recent related
works to support the novelty of the research.

Biomass Power Generation Biomass

Used solely for power generation is seen as an inefficient use of
biomass. Usually the overall efficiency of a biomass turbine
steam power plant is 18% - 24%. Only a small part of the total
energy generated from burning biomass is converted into
electricity. The heat generated from the combustion of biomass is
used to generate steam and turn a turbine to produce electricity.

When the steam passes through the turbine it loses only part of its
heat energy. When it exits the turbine it still has a relatively high
heat energy and usually this heat is released into the atmosphere
through the smoke stack. The combined heat and power systems
focus on capturing this heat and using it for productive purposes
[6]. Higher efficiency in energy improvements can result in
energy cost savings, reduced waste heat and lower CO:2
emissions. Processing plants that require large amounts of heat
and electricity such as pulp and paper mills are ideal for this
application. The particle size of the biomass ranges from 5 cm to
several mm. The raw materials used are free due to the heat
required to evaporate the water in the particles. However, the
maximum moisture content is up to 30% to 50%.
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Systems Photovoltaic Solar (PV)

Energy is environmentally friendly energy and is available
continuously. The characteristics of solar radiation have attracted
the energy sector to use this energy source on a larger scale. The
solar radiation profile represents the solar resource data for the
selected location. Solar radiation is highly dependent on latitude
and climatic conditions [10]. The monthly average of direct solar
radiation is taken by HOMER using the latitude and longitude of
the selected location.

The cost of solar electricity with photovoltaic solar panels (PV)
has become economically feasible in Indonesia. Solar PV
generates electricity by the principle of the photovoltaic effect.
Incidence of solar radiation on PV solar panels and the electricity
generated. Electricity is generated in the form of Direct
Current.PPV is the power output of the panel, IT is the total solar
radiation on the panel, 1) is the efficiency of the panel. Output
power is given by [11],

Ppy = It n Apy Ppy = It 1 Apy (€
M= Nmoa Npc BrN = Mmoa Mpc B @
M= 1r (1 =B(Tc — Tr) ®)
Where:

nr  =efficiency module references,
nec = efficiency power conditioning,
Pr = factor of packing,

B =temperature coefficient of efficiency array
Tr = the reference temperature for cell efficiency
Te = monthly mean cell temperature

Apv =solar array area

Micro Hydro Power Plant (MHPP)

Micro hydro power plant (MHPP) has components consisting of
generator, water (hydro) and turbine. The amount of discharge
and water level are the basis for measuring the work of MHP. The
water rotates a turbine so that mechanical energy is obtained and
is used to turn a generator and then produce electricity.

To obtain the amount of power generated at the MHP, in general,
use the following equation [13]:

P=pxQxHxnxg 4)

Description:

7 = turbine efficiency

P =turbine power(Watts)
H = effective head(m)

Q = the water flow (m?% s)
G =force of gravity (m/s)
p =density of water (kg/m)

HOMER

Homer used to assist in the design of power system optimizations
and to facilitate comparison of power generation technologies in
various applications. Homer models the physical behavior of a
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power system and its lifecycle cost, which is the total cost of
installing and operating the system over its lifetime. Homer
enables modeling by comparing many different design options
based on their technical and economic benefits. In addition,
Homer can choose a hybrid model that is optimized to serve the
supplied electrical load. In a power plant, COE depends on the
selection of various renewable energy technologies and their
resources [14]. Homer contains a number of energy component
models and evaluates appropriate technology options based on
cost and resource availability. Analysis with Homer requires
information about resources, data on component types, total load,
cost, efficiency and long operating life of the plant as well as
comparing various equipment to optimize the design system [15].

= = e

HOMER

SIMULATION

OUTPUT

OPTIMAL COST OF EXCESS
SYSTEM ENERGY ENRGY
CATEGORY UsS/kwh FUNCTION (%)

TOTAL FUEL RENEWABLE CO;EMISSION

FUNCTION (%) (ke/yr)

CAPITAL CONSUMPTION
COsT

Picture. 1 Schematic from HOMER. [7]

Economical Model

The main results of the HOMER simulation are the total net
current cost (NPC) and energy cost (COE) of examining the
system configuration(s). NPC analysis is an appropriate measure
or scale for economic purposes of comparison of classification
and configuration of different energy systems, the reason being
that NPC balances widely different cost characteristics of
renewable and non-renewable sources. In addition, it explores
and summarizes all relevant related costs incurred in the term of
a renewable energy project. The economic performance
parameters of the photovoltaic-biomass hybrid power system
with storage and converter were calculated through system
modeling. For the economic aspect, (NPC) and (COE) of the
system were investigated. HOMER uses the total current net cost
(NPC) to represent the system's life cycle costs. The NPC is
calculated by (5) [18]:

NPC ($) = % (5)
TAC

NPC($) = 7o
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Where, TAC is the total annual cost; CRF is the capital recovery
factor which can be calculated by the following equation (6):

i (1+)N
(1+i)N-1

CRF ($) = (6)

Where, N is the number of years and | is the annual real interest
rate (%).

The energy cost (COE), which is the average cost per kilowatt-
hour ($/KWh) of electricity generated by the system in question
is estimated as in (7):

COE (§) = “omeot @

Where, Cann, tot is the total annual cost, $ . E is total electricity
production, KWh/Year.

To calculate the payback time for a project (simple payback) as
follows:

Initial Investment
Simple Payback (yr) = —— 8
p Y (y ) Annual Payback ( )

The following in Figure 1. will explain the various input
parameters that HOMER needs to model the system: the demand
for energy loads that the system must serve, the energy
components selected to generate electricity, the various energy
resources associated with the selected components, and how these
hybrid combinations are combined. operate to a service load [16].

Research Methods

In simple terms the research process for optimizingpower plant
capacity hybrid using software is Homerexplained through the

flow chart in Figure 2.

Preparation and Data Collection

1 1. Data on palm oil production in Bathin IIT
Ul District

2 2 Datz on elechrcity consumption in
Senzmat Ulu village

3. 3. Data for PLTMH m Senamat Uhn village

¥
Entering field data to be
simulated

}

Enter the data required by the program
1. Solar Radiation

2. Biomass Fuel

3. Water Height and Discharge

4. Cost of PLTS, Biomass and PLTMH /4|
Check the warning that
Yy appears on the

Running a homer program simulation screen,

simulation —— whether it needs

additional energy
sources or additional
I generating capacity

Simulation Results

Figure 2. Flowchart of Research Methodology Thesis
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RESULTS AND DISCUSSION

Electricity Potential of Biomass

Based on the research that has been done, table 1 shows the
potential for palm oil that can produce electricity and table 2
shows the potential for electricity generated by biomass. The
2018 data was selected for research, which is where in table 1 it
can be seen the number of shells and palm fibers that can be used.
The amount of palm kernel shells is obtained from 5% of palm
oil production and palm fiber is obtained from 13% of palm oil
production. While in table 2, the potential for biomass electricity
is 6,113.65 kW consisting of 2,189.08 kW shells and 3,924.57
kW palm fiber.

Table 1. Potential of Oil Palm Shells and Fibers

Year Production Palm Palm fiber

(Tons) shells (Tons)
(Tons)

2014 1.720 86 223,6

2015 6.901 345,05 897,13

2016 58.305 291525 7.579,7

2017 58.305 2.91525 7.579,7

2018 58.305 291525 7.579,7

Table 2. Biomass Electrical Power Potential

Year Production Total Average
(Tons) Electrical Electric
Energy in Power
one year Potential
(kWh) (kW)
2018 58.305 53.555.549,9 6.113,65

Design Simulation Analysis
Biomass-PV-Li-ion-Converter- Micro-hydro

Simulation I is a combination of components of Biomass-PV-Li-
ion-Converter and Micro-hydro. The results of the first
simulation consist of the electricity production of each
component, NPC, COE, electricity price per kWh and the
emission value generated from the combination of these power
plants. Figure 3 details the electricity production from the
Biomass-PV-component Micro-hydro in kWh/year. Simulation |
obtained an NPC of $275,091 and a COE of $0.0768/kWh.

The total electricity production obtained in the first simulation is
232,652 kWh/year. Based on Figure 3, it is known that electricity
production consists of 21.5% Biomass, 67.1% Micro-hydro and
11.5% PV. Micro-hydro is the largest power generating plant.

Simulation Electric Production | (kwh/year)

150,0000

150,0000

140,0000

1200000

100,0000

B0,0000

60,0000 48,9460

40,0000 26,6810
0,0000

P Biomass Hydre
SIMULATION COMPOMENTS

156,0250

TOTAL ELECTRICITY PRODUCTION (KWh)

Figure 3. Simulation | Electricity Production
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The total cost of each component is detailed in Figure 4.
The total cost of each component is obtained by adding up the
cost of capital, component replacement, operation and
maintenance as well as the fuel used. Biomass is the component
that has the largest cost, which is 61.44% of NPC.

Total Cost of Simulation Components 1 (5)

180000 165026,52

e 45048,52
40000 24644,35 24373,40
20000 I 1188725
5 |
Biomas= Baterai PV Miicrohydro Cony arter

Figure 4. Total Cost of Simulation Components |

Based on Figure 5 it is known that PV has the largest electricity
price/lk Wh compared to Biomass and Microhydro, which is
$0.107/kwWh. The COE value is obtained from the average
electricity price/kWh of the three components.

Average Energy Cost / kWH (5)

0,107

od
0,04 0,0271
002 0,00282
o .
Biomassa Hydro PV
SIMULATION |

Figure 5. Average Energy Cost / kWh
Biomass-Micro-hydro

Simulation 1l is a combination of Biomass and components
Micro-hydro. The results of simulation 1l consist of the electricity
production of each component, NPC, COE, electricity price per
kWh and the emission value generated from the combination of
these power plants. Figure 6 details the electricity production
from the components Biomass-Micro-hydro in units of
kWh/year. Simulation Il earned an NPC of $340,068 and a COE
of $0.0949/kWh.

Simulation Electric Production 1l (kWh/year)

200000
156025
150000
B5815
100000
- .
o
Bio massa Hydro

SIMULATICN I

Figure 6. Simulation Il Electricity Production

The Total electricity production obtained in simulation Il is
251,840 kWh/year. Based on Figure 4.5, it is known that
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electricity production consists of 38% Biomass and 62% Micro-
hydro. Micro-hydro is the largest power generating plant.

The total value of the total cost (NPC) is the total cost of all
components of the plant, which is the sum of all the costs of
biomass andplants microhydro. This can be seen in Figure 7.
Figure 7 details the total cost of each component. The total cost
of each component is obtained by adding up the cost of capital,
component replacement, operation and maintenance as well as
the fuel used. Biomass is the component that has the largest cost,
which is 92.83% of NPC.

Total Cost of Simulation Components 11 (5)

315684,67
300000
250000
200000
150000
100000

SO000 24373 49

o

Biomas= Microhydro

Figure 7. Total Cost of Simulation Components Il

Biomass--PV- Micro-hydro Converter

Simulation Il is a combination of components of Biomass-PV-
Converter and Microhydro. The results of simulation 111 consist
of the electricity production of each component, NPC, COE,
electricity price per kwWh and the emission value generated from
the combination of these power plants. Figure 8 details the
electricity  production from the Biomass-PV-component
Microhydro in units of kWh/year. Simulation 111 obtained an NPC
of $340,395 and a COE of $0.0950/kWh.

The total electricity production obtained in simulation Il is
251,907 kWh/year. Based on Figure 4.7, it is known that
electricity production consists of 38% Biomass, 61.9%
Microhydro and 0.0669% PV. Microhydro is the largest power
generating plant.

Simulation Il Electricity Production 1l (kWh/year)

156025

55714

168

PV BiomaEsE Hydro
SIMULATION 1

Figure 8. Simulation 111 Electricity Production

The total value of the total cost (NPC) is the total cost of all
components of the generator, which is the sum of all the costs of
biomass, PV plants microhydro and converter. This can be seen
in Figure 9 which details the total cost of each component. The
total cost of each component is obtained by adding up the cost of
capital, component replacement, operation and maintenance as
well as the fuel used. Biomass is the component that has the
largest cost, which is 92.73% of NPC.
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Total Cost of Simulation Components 111 (5)

31565129

250000
200000
150000
100000
SO000 24573,45
. 234,52 - B5,41

Biomass P Microhydro Converter

Figure 9. Total Cost of Simulation Components 111

Based on the analysis of 3 Homer simulations, it is known that
simulation | is better than simulation Il and Il because in
determining the most optimal simulation seen from the smallest
NPC and COE values compared to the NPC values in the other 2
simulations where NPC $275,091 and COE $0.0768/kWh. The
total value of the total cost (NPC) is the total cost of all
components of the plant, which is the sum of all the costs of
biomass, PV,plants micro-hydro and converter (capital costs,
component replacement, operational and maintenance costs). The
value of COE is influenced by the production of electricity
produced, so to obtain the value of COE, namely the
multiplication of each electricity production against each average
energy cost (levelized cost of energy) divided by the total amount
of electricity production. To find out the payback period (simple
payback) by dividing the initial cash out of a project by the net
cash income generated by the project each year. The COE value
in simulation | is the most optimal because it is the smallest
compared to simulations Il and 11l and the COE value is smaller
at $0.0768, equivalent to Rp. 1,049.13 compared to the standard
COE PLN of Rp. 1,352. The emission value also affects the
optimality of a simulation. The optimal simulation has a low
emission level so that the simulation is said to be environmentally
friendly. The conclusion of the results obtained based on the
analysis of the 3 simulations is shown in Table 3 of the simulation
results.

Based on table 3. it can be concluded that the greater the
electricity production, the greater the NPC and COE values. The
emission value also affects the NPC and COE values, the smaller
the emission levels, the smaller the NPC and COE values.

Table 3. Simulation Results
Simulation  Net

Cost Of Electricity

Present Energy Production
Cost (COE) (Kwh/Year)
(NPC) $ $/KWh

| $275.091 $0,0768  232.652

1 $340.068 $0,0949  251.840
I $340.395  $0,095 251.907

CONCLUSIONS

The simulation results from the optimization of the hybrid power
plant resulted in the following conclusions, the potential for
electric power from the biomass plant at Senamat Ulu, which is
6,113.65 kW consisting of 2,189.08 kW shells and 3,924.57 kW
palm fiber using Senamat Ulu plantation data in 2018 with palm
oil production of 58,305 tons and can produce total electrical
energy in one year 53,555,549.9 kWh. The most optimal
generator model is simulation I in terms of the smallest NPC and
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COE economies, namely NPC $ 275,091 and COE $ 0.0768/kWh
where Biomass is 49,946 kWh/year with electricity price of $
0.0271/kWh, PV 26,681 kWh/ year with electricity price of $
0.107/kWh, Micro-hydro 156.025 kWh/year with electricity price
of $ 0.00992/kWh, Storage Li-ion 8,643 kWh/year and converter
288,331 kWh/year. Meanwhile, for a simple payback, it takes 5.8
years.
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