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Abstract

Aquaculture centers in Yogyakarta located in Sleman District. The main contributors to fish farming in Sleman came
from Sendangsari village, Minggir sub district. Fish farming carried out by individuals or groups. By 2010, this area
accounts for 77,2 % of total fish production in Sleman, Yogyakarta. One of the problems of fish growing in ponds is
the dissolved oxygen (DO) concentration in the water. In the fish farming business, the ability to maintain water
quality is the key of improving fishery production capacity. The solution to maintaining water quality is the
implementation of the aeration with renewable energy source.

Based on the geographical region, fish pond located away from power lines. So, it is necessary to use local potentials
of renewable energy such as solar energy. The annual average solar radiation in Indonesia is 4.5 kWh/m2/day with
9% monthly variation. The main objective of the present study is to design the optimum sizing of electric power
design to support the electricity demand of fish pond aeration system. Applied methodology provides a simple
approach for sizing electricity system using HOMER software (Hybrid Optimization Model for Electric Renewables)
to fulfill the requirement of 450 Wh/day primary load with 1.692 Wh/day peak load. The result of the analysis is a list
of feasible configuration power system sorted according to the cost of energy (COE). The result show the optimal
sizing of photovoltaic 1 kW, 8 battery of 200 Ah and inverter 0,2 kW. This is the most economically feasible and
least cost of energy (COE) is about 0,769 $/kWh.
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1. Introduction

Aquaculture centers in Yogyakarta located in Sleman District. The main contributors to fish farming in
Sleman came from Sendangsari village, Minggir subdistrict. Fish farming carried out by individuals or
groups. By 2010, this area accounts for 77,2 % of total fish production in Sleman, Yogyakarta [1]. One of
the problems of fish growing in ponds is the dissolved oxygen (DO) concentration in the water. The level
of DO under 2 ppm is dangerous to the life of the fish because at this level of DO the probability of
mortality among the fish is high [2]. In the fish farming business, the ability to maintain water quality is
the key of improving fishery production capacity. The common used in maintaining water quality is the
implementation of the aeration.

Aecration is the process of bringing water and air into close contact by exposing drops or thin sheets of
water to the air or by introducing small bubbles of air and letting them rise through the water. Aeration
can remove certain dissolved gasses and minerals through oxidation. We can use either the typical design
of aerator which is introducing air into water or water into air. All acrator are designed to create a greater
amount of contact between the air and water to enhance the transfer of gasses [3]. Aerator can driven by
mechanical energy or electrical energy. It is depend on the type we use. Various types of aeration can be
found in the field, ranging from splasher system, bubbler and pump [4].

Based on the geographical region, fish pond located away from power lines. So, it is necessary to use
local potentials of renewable energy such as solar energy. The annual average solar radiation in Indonesia
is 4.5 kWh/m*d with 9% monthly variation [5]. The sun is a clean and renewable energy source, which
produces neither green house effect gases nor hazardous wastes through its utilization. Renewable energy
sources are being widely use due to the global environment issue.

Many literatures reported the application of renewable energy in remote areca which located away from
power lines or where the grid is not feasible. Mozes et al [2] demonstrate an aeration system, using a
paddle wheel, powered by a photovoltaic power supply. The study was carried out on the coastal area in
the center of Israel. Ghoniem [6] describes a computer simulation to determine the solar water pumping
system performance in the Kuwait climate. Meah et al [7] show the design, instalation, site selection and
performance monitoring of solar system for small-scale remote water pumping application. Noroozi et al
[8] show the hybrid power system to supply electrical and thermal energy in Shahdad village in Chahabar,
south east of Iran using HOMER (Hybrid Optimization Model for Electric Renewables) as a software
tools for electric power system design.

Base on the above named papers we continue the research work on renewable energy for small-scale
application. We focus on how to design the optimum sizing of electric power design to support the
electricity demand of fish pond aeration in Minggir, Sleman, Yogyakarta, Indonesia.

2. Analysis

The area size will be used for carp’s seeding is 1000 m2. The area divided into 7 parts; 3 parts for
master pond, 2 parts for enlargement pond, 1 for pond nursery and also 1 for control room area of the
solar power generation.The location of fishpond is far from power lines, so that the solar power
generation system that is used is off-grid system. All of the loads will be supplied by the solar power
generation. The need of pond aeration will be consentrated to the nursery pond, the the area size is 50 m2.
This pond area will be divided into 10 ponds, the size is 2 x 1 x 0.5 m and this pond area also will be used
for carp seeds, the age of the seeds are 2 weeks until 2 months.

The aeration will be needed in the evening, it is the lowest point of oxygen in the air. The blower can
be used effectively and efficiently at 10:00 pm until 7:00 am or during 9 hours aeration in the evening.
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The blower with big capacity is more efficient if it is supported by good distribution network system. The
blower with big capacity will make easier for managing the aeration.

The larva of carp only need the small aeration. In the afternoon while the fitoplankton produce oxygen,
aeration can be managed in a small scale. The faucet regulator in a distribution hose use to manage the
aeration flow.

The blower that can be draining the water with a speed 60 liter/minutes. The volume flow will be
distributed to 10 ponds so that every pond will get volume flow approximately 6 liter/minutes. The
maximum volume flow is 6 liter/minutes, it can be varied with the regulator hose in a network
distribution to every pond. The aeration speed can be controlled based on every pond’s need. The blower
with flow rate 60 liter/minutes needs 50-60 watt.

The lighting used to help the pond security at night. The lamps should provide enough illumination for
people to keep watch the condition around the pond. The illumination of the lamp is about 1 foot-candle.
The area is 15 ft (4.572 meter) x 40 ft (12.192 meter) [2]. The carp seeds pond that will be given the
lighting is divided as five major spot; two spot in the solar cell house control, two spot in a nursery pond
and one spot in a way to village. Every point using 23 watts of compact flourescent lamp (CFL). CFL
lamps save money, use less energy, reduce light bulb changes, and lower greenhouse gas emissions [9].

2.1. Solar resources

The solar powered aeration is located in Sendangsari village, Minggir subdistrict. There are no solar
radiation data measurement in Sendangsari village annualy. The annual average solar radiation based on
NASA. The NASA satellite data will provide the annual average of solar radiation in a certain place.
Sendangsari village, Minggir sub district located in latitude 7,590 South and longitude 110,260 East.
Fig.1 shows the annual solar radiation based on NASA satellite.

2.2. Load calculation

The load determined by the energy demand. Table 1 shows the energy demand of fish pond in
Sendangsari village.

Table 1 Calculation of fish pond load

No Utilization Power Value  Working time Energy demand

1 Aeration (blower) 50 W 1 unit 9 hours 450 Wh/day
(22:00-07:00)

2 Indoor lighting 23 W 1 unit 6 hours 138 Wh/day
(18:00-24:00)

3 Outdoor lighting 23 W 4 unit 12 hours 1104 Wh/day

(18:00-06:00)
Total 1.692 Wh/day
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Calculating the overall system losses, assumed that the battery efficiency at 90%, inverter efficiency at
85% and wiring efficiency at 93%, the total load calculated to be 2.378 Wh based from equation below :

Z E demand

Mpat X Miny X Myire (1)

Totalload =

3. System components
3.1. Solar PV

The value of adaptation factor for the typical solar power generation’s installation is 1,1 [10]. The
proposed solar power modules capacity “PS” is calculated to be:

§ E eman
P = % x11
sun (2)

Edit Help

HOMER uses the solar resource mputs to calculate the Py array power for each hour of the year. Enter the latitude, and
either an average daiy radiation value or an average cleamess index for each month. HOMER uses the latitude value to
calculate the average dally radiation from the cleamess index and vice-versa.

Hold the pointer over an element or click Help for more information.

Location
Latude | G° | 59° € Noth @ Souh  Timezone
Longtude [T10° [ 25* & East € Wes | (GMT+07:00) Krasnoyaisk. Thaland, Laos. Vielnam =l

Data souice: % Enter monthly averages ¢ Import time seriesdatafle  Get Data Via Intemet I
Baseline data

Cleamess | Daily Radialion
Index | (Kwh/m2/d) |
January 0.298 4280 —
Febway | 0413 4.470
Mach | 0437 4530
Apil 0.485 4720
May 0534 4730
June 0544 4550
July | oss1 4,800
August | 0564 5.250
September, 0546 5540
October | 0508 5330
November| 0437 4710
December|  0.425 4570

Average: 0.483 4802 Pot.. | Export. |

Scaled annual average (Whim/d) | 407 (3| Hep | Cancel [ ok |

Global Horizontal Radiation

(=]

Month

n

S

w
Cloarnoss Index

Daily Radiation (kWih/m?d)
)

-

o

Jan Feb Mar Apr May Jun Jul Aug Sep O Nov Dec
Daily Radiation == Cleamess Indax

Fig.1. HOMER solar resources inputs
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Fig. 2. PV inputs in the HOMER

where Edemand is the total load of the system and Esun is the solar insolation (kWh/m2/d). Fig. 2 shows
the photovoltaic (PV) cost is $ 2,5/watt. According to the availability of the component in the local
market, the PV cost for 0,2 kW is $ 500. In the proposed system, the size of PV varying from 0.2 kW; 0.4
kW; 0.6 kW; 0.8 kW and 1 kW. We assume PV array lifetime corresponding to 20 years and the
maintenance cost set at 1 % of capital cost.

3.2. Battery

The function of battery is an electric storage container. The battery consists of reversible
electrochemical cell and has a high efficiency. The accumulator battery capacity is more than 50%. The
system carried out for 2 days of autonomy. The accumulator should be adjusted with the power needed.
The storage capacity calculated to be 9.512 Wh. The 48 V DC used, consequently the battery capacity
calculated to be approximately 198 Ah.
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Fig.3. Inverter cost curve

The Vision 6FM 200 D battery used in this simulation. This battery specification is the most
appropriate specification of the system demand. Assumed that the battery cost is $ 1.200/4 pieces of
battery. We assume in the next 10 years the battery cost decrease until 50% from present capital cost. The
battery storage will need to replaced along the system lifetime. The replacement cost is $ 600/4 pieces
and the annual operation and maintenance cost set at 1% of capital cost. The batteries varying from 4
pieces, 8 pieces, and 12 pieces.

3.3. Inverter

Inverter is an electricity tools used for convert the direct electrical current (DC) to alternating electrical
current (AC). The inverter convert the DC current from the battery. As electrical devices, there are lacks
efficiency because of electrical losses. The typical inverter efficiency is 85%. Consequently, the inverter
input calculated to be:

C inverter — PPeak X (100_85)
C inverter — 165Wx1.18

C inverter ~ 194 W

Assumed that the inverter and replacement cost is § 60/0,2 kW. The annual operation and maintenance
cost set at 1% of capital cost. Fig.3 shows the cost curve of the inverter capacity. Inverter capacity
calculated based on the peak power of the system demand. Since the peak power at 165 W and the
avalailability component in the market, the inverter capacity considered to be 200 W. Fig. 4 shows the
schematic diagram of the component used in HOMER software. The stand alone off-grid system only use
the solar energy resources to satisfy the demand.
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4. Result and discussion

The HOMER Software applied to optimize the sizing configuration of the component. The design
optimization begins by obtaining horizontal radiation data from NASA satellite in the proposed location.
The component configuration of power generation system consist of photovoltaic (PV), battery, inverter
and the primary load. The simulation include the cost of each component, the number of unit used in
simulation, the economical and control parameter. The HOMER calculates the sizing configuration of
each component to satisfy the demand with the minimum cost of energy (COE).

Fig. 5 shows the optimization result. The analysis shows the configuration of photovoltaic 1 kW, 8
batteries of 200 Ah, and inverter 0.2 kW. This is the most economically feasible and least cost of energy
(COE) is about 0,769 $/kWh.

COE showed high value due to high component cost compared to the conventional power generation.
High cost energy due to the lack of penetration of the components to the market in the proposed location.
In the future, the energy prices will decrease during the rapid production of renewable energy
components. The availability of the component in the market is essential. The selection of component is
very sensitive to energy prices.

5. Conclusion

In this paper, a design optimization of solar powered aeration system by HOMER software is
presented. Small-scale of fish pond with solar powered aeration system meets the feasibility demand of
1.692 Wh/day peak load by Photovoltaic 1 kW, 8 battery of 200 Ah, Inverter 0,2 kW when COE is about
0,769 $/kWh.

Equipment to consider ————— &dd/Hemove...I

.
Primary Load P
2 kwhid
221 W peak
R e e |
Converter Battery
AC
Resources —— Other ——————

. Solar resource é‘.??l E conomics
At G
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Document

Fig. 4. Schematic diagram of component
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Sensttivity Results ~ Optimization Results
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Fig. 5. Optimization result
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