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Abstract. In Langsa, fisheries are the sector leaders by fulfilling a capacity of about 6,050 tons 

per year and on the other hand, fish-aquaculture reaches 1,200 tons per year on average. The fish 

processing is conducted through catches and aquaculture. The facilities on which this processing 

takes place are divided into an ice factory unit, a gutting and cutting unit, a drying unit and a 

curing unit. However, the energy and electricity costs during the production process has become 

major constraint because of the increase in the fishermen’s production and income. In this study, 

the potential and cost-effectiveness of photovoltaic solar power plant to meet the energy demands 

of fish processing units have been analysed. The energy requirements of fish processing units 

have reached an estimate of 130 kW, while the proposed design of solar photovoltaic electricity 

generation is of 200 kW in an area of 0,75 hectares. In this analysis, given the closeness between 

the location of the processing units and the fish supply auctions, the assumption is made that the 

photovoltaic plants (OTR) were installed on the roof of the building as compared to the solar 

power plants (OTL) installed on the outside of the location. The results shows that the levelized 

cost of OTR instalation is IDR 1.115 per kWh, considering 25 years of plant life-span at 10% of 

discount rate, with a simple payback period of 13.2 years. OTL levelized energy, on the other 

hand, is at IDR 997.5 per kWh with a simple payback period of 9.6 years. Blood is an essential 

component of living creatures in the vascular space. For possible disease identification, it can be 

tested through a blood test, one of which can be seen from the form of red blood cells. The 

normal and abnormal morphology of the red blood cells of a patient is very helpful to doctors in 

detecting a disease. With the advancement of digital image processing technology can be used 

to identify normal and abnormal blood cells of a patient. This research used self-organizing map 

method to classify the normal and abnormal form of red blood cells in the digital image. The use 

of self-organizing map neural network method can be implemented to classify the normal and 

abnormal form of red blood cells in the input image with 93,78% accuracy testing. 

1.  Introduction 

Langsa is a municipality located in the province of Aceh, Northern Sumatra that covers 262.41 km2 of 

land and it’s formed by 5 districts and 66 villages. The policy of the city government of Langsa is to 

boost the marine resources available through the improvement of the fishing industry, aquaculture, the 

processing industry and the marine industry, while relying on science and technology. Marine resources 
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are the backbone of the sustainable economic development in the region. The growth of the fisheries in 

the sector and the efforts to support them are constantly encouraged given that the local government is 

fully aware of the positive economic impact they can provide. In table 1, the production rate of the 

Langsa fisheries throughout the year 2015 can be observed.  

Based on the data, it can be noted that the fisheries that generate the most production are located in 

the Langsa Timur and Langsa Barat district. Meanwhile, the largest aquaculture production belongs to 

Langsa Timur. In a fishing group there’s a total of 80 members divided into 45 fishermen and 35 

aquaculture business owners who specialize in milkfish aquaculture. Added value of the fisheries 

products has been a great issue for years. They haven’t been successful to bring fish production into a 

wider market because ice factories and post-harvest fish processing technology are not available. 

Moreover, there is an energy shortage in the region that poses a constraint. Therefore, this paper will 

analyze how the solar energy is an option to deal with the energy shortage in the fish processing units. 

 

         Table 1. The production capacity of marine and inland fisheries in Langsa [2] 

No. Districts 
Inland Fisheries 

(Ton) 

Marine Fisheries 

(Ton) 

1 Langsa Timur 420.50      3,019.00  

2 Langsa Barat 80.51     2,022.00  

3 Langsa Kota 74.03    1,009.00  

4 Langsa Lama 245.05  -  

5 Langsa Baro 380.05  -  

Sum 1200.14    6,050.00  

 

 

The solar market for power generation is still relatively new and it’s still being studied. There are a 

limited number of technology providers and the access to technical data is restricted. In addition, it’s 

necessary to analyze the energy impact of these new technologies before considering using them on a 

large scale. A photovoltaic system converts solar energy into DC power and the system consists of a PV 

array, a battery, and elements for power conditioning. There are two types of PV systems: grid connected 

and standalone. The grid connected type feeds electricity directly into the electrical network and operates 

parallel to the conventional energy source. These types of grid systems create clean electricity without 

transmission or distribution losses and without a need for batteries; its performance relies on the local 

climate, the orientation and inclination of the PV array, and inverter performance. By contrast, a 

standalone system has no interaction with a network grid and it’s directly connected to the load; the use 

of a battery becomes necessary. The battery stores energy when the power supplied by the PV modules 

exceeds the load demand and it returns it when the PV supply is deficient [9]. There are a large number 

of researches focused on the analysis of the feasibility of solar energy use for power plants with PV 

panels, i.e. [1,4-7,10].  One of these studies was conducted in Serbia [8] to figure out the possibilities of 

generating electrical energy through 1MW PV power plants by using the different types of solar PV 

modules. They concluded that using CdTe solar modules generates more electricity. 

Chandel et. all [3] analysed the potential and cost-effectiveness of a solar photovoltaic power plant 

to fulfil the energy demand of a garment zone in Jaipur, India. It was estimated that the energy demands 

of the zone for the year 2011 were at 2.21 MW, and the design of the solar PV power plant had a capacity 

of 2.5 MW. This requires an approximate of 13.14 acres of land. The on-site solar PV power plant 

internal rate of return (IRR) is 11.88%, NPV at a 10% discount rate and of 119.52 million INR; the 

simple payback period is 7.73 years and the discounted payback period is at 10% in 15.53 years, while 

the off-site power plant represents an IRR of 15.10%, NPV of 249.78 million INR, simple payback 

period of 6.29 years and discounted payback period of 10.14 years. Levelized energy cost is Rs. 14.94 

and Rs. 11.40 per kWh for on-site and off-site solar PV plants respectively at a 10% discount rate, which 

is quite attractive. 
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Grid connected and standalone photovoltaic systems can be analysed and dimensioned by using a 

wide array of tools. System designers and installers tend to use simpler tools for sizing the PV system. 

On the other hand, most scientists and engineers typically use more involved simulation tools for 

optimization. Software tools related to photovoltaic systems can be classified into pre-feasibility 

analysis, sizing, and simulation. PVSYST is a dedicated PC software package for PV systems developed 

by the University of Geneva. It integrates pre-feasibility, sizing and simulation support for PV systems. 

After defining the location and loads, the user selects the different components from a product database 

and the software automatically calculates the size of the system [9]. 

 In this work, PVSYST 5.41 is used to perform the simulations of standalone solar PV systems by 

comparing the energy production, performance ratio, efficiency and cost. Throughout this project, the 

potential and the cost-effectiveness of a solar photovoltaic power plant is analysed for meeting the 

energy demand of fish processing at a small scale in Kota Langsa; this process makes use of an ice 

factory unit, a gutting and cutting unit, a drying unit, and a curing unit.  

2.  Method 

Location: The geographic location where the project was conducted is Kuala Langsa which is situated 

at: 04° 31' 4.98" N, 98° 0' 54.3" E, and elevation at 2 m (a.s.l.) shows figure1. PVSYST includes its own 

solar data for some locations.he general architecture of our proposed method is shown in figure 1. 

 

Figure 1. Location of small scale fish processing plant in Kota Langsa 

 

In figure 2 the global horizontal irradiation and air temperature during a year can be observed. The 

global radiation components are direct, diffuse and reflected. The average daily sum of global irradiation 

on the horizontal surface is of 4.73 kWh/m2 per day with a maximum value of 5.50 kWh/m2 (March) 

and a minimum value of 3,852 kWh/m2 (December). The diffuse component of radiation proved to be 

significant, especially during the months of Feb-Sept, while reflected radiation stayed relatively reduced 

throughout the rest of the year. The average yearly component of diffuse radiation is of 46.5 % of total 

global radiation.  

Designing a standalone PV system doesn’t entail many steps, but the preferred ones are as follows. 

Determination of the load defines the sum of electrical power used in the process of fisheries. Figure 3 

shows the layout of equipment inside the fisheries’ unit processing. Inside the unit, there are two unit 

freezers, one unit ice machine, one unit chiller, two units of fresh water pumps, a gutting and cutting 

unit, a drying unit, and a curing unit. The whole equipment will need 130 kW of electrical power, putting 

the daily average energy requirement at 3120 kWh.    
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Figure. 2: Global horizontal irradiation on site 

 

 

               Figure 3. Layout of small-scale fish processing facility in Kota Langsa 

The next step is to calculate the number of PV, battery and method of controller. The system defining 

parameter which was used is shown in table 2.    
 

                                 Table 2. System Defining Parameters 

Module type Standard 

Technology Poly-crystalline 

PV module 120 Wp 28 V 

Battery pack Open 12 V/100 Ah 

 

Using the aforementioned PVSYST software it was shown that the number of PV panels that should 

be provided to meet the energy demands was 935 modules, with the requirement of an area of about 

0.75 hectares (1.85 acres).  

Orientation: The panels are facing south (in this study), and the angle of the panels form an inclination 

with the ground. The energy usage between winter time and summer time is quite large at this latitude; 

on the contrary, the solar resource gap between winter and summer is not that considerable. That is the 
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reason why the inclination needs to be optimized for the summer months. In this example, the plane tilt 

is about 150 and azimuth is about 00, as shown in figure 4. 

 

Figure 4. Orientation 

The path of the sun in Kota Langsa throughout the year is represented in figure 5. The figure shows the 

terrain horizon, the module horizon, and an active area with civil and solar time. The module horizon, 

however, may have a shading effect on solar radiation. 

 

Figure 5. Insolation at location 

System: A standalone PV system will depend on the demand of the user; the user has to input the 

desired nominal power, or the area that’s available for installing PV modules. In the off-grid PV system, 

a battery needs to be chosen from the database. All the strings of PV modules should be homogeneously 

connected; this means that they should be identical modules, with the same number of modules in a 

series, the same orientation, etc. Figure 6 shows the schematic diagram of a standalone system. The 
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diode shown here is the bypass diode used for the purpose of protecting and a back-up generator is used 

for emergency purposes.        

   

Figure 6.   Schematic of the system 

3.  Result and discussion 

This research is totally based on the PVSYST software and for modelling purposes. All the figures and 

tables depicted in this paper were generated during the simulation process. This paper only depicts the 

computational modelling, so that’s why there’s only the presentation of the results of the simulation 

rather than the description of it.  Performance ratio (PR) is the ratio of the final PV system yield (Yf) 

and the reference yield (Yr). Table 3 shows the performance ratio of a grid connected system designed 

for the Kuala Langsa site. The yearly average performance ratio is 0.764. 

 

         Table 3. Normalized Performance Coefficients 
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Table 4 shows the meteorological and incident energy of the PV system. The global horizontal 

irradiation (GlobHor) is of 1598.3 kWh/m2/year. The horizontal diffuse irradiation (DiffHor) is of 

965.11 kWh/m2. The overall global incident energy on the collector plane is of 1578.0 kWh/m2. 

 

  Table 4. Meteor and Incident Energy 

 
 

Table 5 shows the detailed monthly average system losses in kWh. Module quality loss (ModQual) is 

of 33,515 kWh/year. Module mismatch loss (MisLoss) is of 13,071 kWh/year. Ohmic wiring loss (Ohm 

Loss) is of 15,543 kWh/ year. Array virtual energy at Maximum Power Point (MPP), EArrMPP is of 

1,278,478 kWh/Year.   

 

                     Table 5. Detailed system Losses 

 
 

Table 6 shows the balances and main results of the PV system employed. Yearly global horizontal 

irradiation is of 1,598.3 kWh/m2. The yearly global incident energy on the collector plane is of 1,521.1 

kWh/m2. Energy available at the output of the PV array is of 1.223.697 kWh. The energy supplied to 
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the user is of 1,118,857 kWh. Energy the user needed = 1.138.971. SolFrac Solar fraction (EUsed / 

ELoad) = 98.2 %. 

 

                   Table 6. Balances and main results 

 
 

Figure 7 shows a graphic the Performance Ratio of the Incident energy for the entire month. The 

average Performance ratio is 0.706. 

 

 
Figure 7. Performance Ratio PR and Solar Fraction 

 

Figure 8 represents the overall system loss diagram for small scale fish processing at Kota Langsa. 

The horizontal global irradiation is of 1,598 kWh/m2. The effective irradiation on the collector plane is 

of 1,521 kWh/m2. Then the PV cell converts solar energy into electrical energy. After PV conversion, 

array nominal energy is of 1,528 MWh. Effective energy at the output of the array is of 1,216 MWh. 

After the inverter loss, the battery storage was of 1,161 MWh. Therefore the energy injected into the 

fish processing plant is 1,119 MWh. 
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Figure 8. The overall system loss diagram for small scale fish processing at Kota Langsa. 

 

4.  Conclusion 

Fisheries are leading sectors in the municipality of Langsa; the fish processing industry comprises an 

ice factory unit, a gutting and cutting unit, a drying unit, and a curing unit. However, the energy and 

electricity costs during the production process have become major constraints. In this paper, the solar 

energy as an option to deal with the energy shortage is studied. PVSYST 5.41 is used to perform the 

simulations of standalone solar PV system by comparing the energy production, performance ratio, 

efficiency and cost. The potential and the cost-effectiveness of a solar photovoltaic power plant can 

likewise be estimated.  

The result of the analysis shows that for the installation of OTR, the levelized cost is IDR. 1,115 per 

kWh, taking into consideration the 25 years of life-span at a 10% of discount rate, with a simple payback 

period of 13.2 years. As for OTL, levelized energy was obtained at IDR.997.5 per kWh, with a simple 

payback period of 9.6 years. 
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