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Abstract. Renewable energy as a solar photovoltaic system represents an essential role in improving and 

promoting energy sustainability in agricultural/aquaculture-related activities. The “Crab Bank” is the 

program on practicing the caught gravid females of Blue Swimming Crab (BSC) in supporting conditions, 

allowing them to spawn and then release the zoea and young crabs back to the sea where are in the Eastern 

Economic Corridor (EEC). Onward with the project, many scientific studies assess the BSC stocks 

condition, evaluate the fishing habitat, and other relevant issues as the energy used in a micro-indoor system 

as Recirculating Aquaculture Systems (RAS). The off-grid solar photovoltaic system is used in the system 

cause the installed location was near the seaside area. The system's large size was operating, including solar 

panels, inverter, charger, and batteries to maintain the AC motor pump, affecting much energy loss in the 

system. The off-grid solar system design for modular systems is represented in this paper to describe the 

new structure of the micro modular RAS that reduces cost and increases the solar system's efficiency in 

modular concepts comparing the traditional system. The new structure model represents the calculation 

result in the term of electrical energy and experiment to scale for replacement in the aquaculture area in 

Rayong or Jantaburi in the EEC region. This research is a cooperation between KMUTNB Rayong and the 

Provincial Energy Office Of Rayong. 
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1 Introduction  

The Crab Bank is a sustainable crab conversation project 

first implemented in Pakklong, Pathew district, 

Chumphon province, Thailand, for a scheming 

conservative crab source [1-3]. This concept was a 

decent case project on practicing the caught gravid 

females of Blue Swimming Crab (BSC) in supporting 

conditions, allowing them to spawn and then releasing 

the zoea and young crabs back to the sea area the Eastern 

Economic Corridor (EEC). 

Onward with the project, many scientific studies 

assess the BSC stocks condition, evaluate the fishing 

habitat, and other relevant issues as the energy using in a 

micro-indoor system as Recirculating Aquaculture 

Systems (RAS). The system was operating in a condition 

of feed seawater flow, oxygen feed rate that controls 

with electrical pump and air compressor. The source of 

energy supply is the off-grid solar photovoltaic system 

and installed location near the seaside area. However, 

renewable energy use promoting energy sustainability 

term. The efficiency should be a concern for the actual 

operation. 

The traditional system was a simple off-grid design 

for an extensive system located on Chantaburi, helping 

for the research in area [4-5], as shown in Figure 1.  

It was operating, including solar panels, inverter, 

charger, and batteries to maintain the AC electrical 

machine, affecting much energy loss in the system. 

A high-efficiency inverter and an increasing number 

of solar panels and batteries required operating 24 hours 

a day with an electrical power of 565 Watt for all 

electrical machines in the extensive system. 

 

Fig. 1. The photo of the traditional system. 

The traditional system includes an extensive system 

that is a high production scale for nursing the spawn and 

zoea. The support for a middle and large village uses 

high energy consumption and system installation and 

maintenance costs. The purpose system is the modular 

off-grid system that is compact, low energy 

consumption, and costs. The energy model using to 

design the module system with the relation of the 
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traditional system and operation parameters. The data of 

electrical measurement between an operation of the 

extensive and the module system using for developing 

the energy model.  

1.1 The PV off-grid energy model of the system  

1.1.1 The traditional system  

The traditional system is an extensive system that 

includes two AC motors connecting to an air compressor 

(Supercharger) with redundancy mode operation and one 

AC motor pump for oxygen and water circulation of the 

micro-indoor system as RAS. The type of motor of the 

air compress and water pump is a single-phase 220 Vac 

motor. 

One unit of the extensive system can divide into 

three subsystems contains the total productivity for a 

maximum of 10.5 kg of spawn and used 3,780 lits of 

seawater. The diagram and photo of the extensive system 

and represented in Figures 2 and 3. 

 

Fig. 2. The diagram of the extensive system. 

 

 

Fig. 3. The photo an one of three-part in the extensive system.  

1.1.2 The traditional off-grid PV system  

The traditional off-grid PV system consists of solar 

panels, a battery charger, and an inverter [6-8]. The solar 

panels and batteries design support the inverter and 

energy-souring to the system. The diagram of the PV 

system represents in Figure 4. 

 

Fig. 4. The diagram of the PV system. 

The electrical generate-time of solar panels depends 

on daylight time, around 5 hours/day. Therefore, the 

number and size of the panel and battery should be 

enough for energy-using in the application. The 

maintaining issue is another point of interest for design 

and cost-optimized.       

1.2 The PV off-grid modular concept 

1.2.1 Concept of  PV off-grid modular unit  

The concept of PV off-grid modular is proposed by the 

Provincial Energy Office Of Rayong for studies and 

optimize the efficiency and cost. Because of PV energy 

source for the traditional system was inefficient and 

needed more maintenance cost. For the small size of 

Crab bank, the extensive system is not appropriate and 

expensive in terms of production scale. Therefore, the 

modular concept using to the scale-down system into 

small production.  

The modular unit consists of one dc motor pump and 

three motor air compressors. The diagram and photo of 

the modular concept represent in Figures 5 and 6.  

 

Fig. 5. The diagram of the modular system.  

 

 

Fig. 6. The photo of the four modular system  
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1.2.2 The replacement in the traditional system  

The segment of the traditional system can be replaced by 

the proposed modular system, as shown in Figure 7, 

operated with three containers.  

Each module has one water pump, and three air 

compressors operate independently with a single dc 

voltage source. 

 

Fig. 7. The modular replacement in the traditional system  

2 Modeling the modular unit   

The energy model of the modular can be applying from 

the data of the extensive system. The description of 

electrical machines as datasheet or nameplate use to 

understand the relation of electrical energy used. 

The working load of operation is used to create the 

reference load for optimizing and calculating the 

modular compared with the extensive. The electrical 

measurement processes are used for collecting the 

energy and re-calculate the model into the extensive. 

2.1 Methodology  

2.1.1 Electrical energy of  the extensive system 

First of all, the electrical instrument, power meter, and 

flow meter are used to collect the energy used in the 

extensive system.  

The workload condition is setting with the onsite 

operation, and the instrument is collecting the data for 

one week of operation time. The condition of workload 

is measure with a flow meter as define in Table 1. The 

electrical power use of the machine can represent in 

Table 2. The total power is 565 Watt. 

The measurement result is the data for comparing 

and modeling the modular unit in the term of power.  

Table 1. The condition workload of the extensive system. 

Parameter value unit 

Water flow 

(circuilation) 
4.5  lit/minute 

Air flow  

(Oxygen feed) 
183.75  lit/minute 

Table 2. The measurement of electrical power  

of the AC machine. 

AC machine value unit 

The motor of the 

water pump 
135  Watt 

The motor of the air 

compressor   

 

430  Watt 

2.1.2 Electrical energy of  the modular unit 

Similar to the extensive measurement process, the 

workload condition set up and fractions and scaling to 

the small and electrical instruments are used to collect 

the energy data. The DC machine (motor and air 

compressor) is used to apply the water flow and oxygen 

feed system. The working load condition defines in 

Table 3, and the electrical power represents in Table 4. 

 

Table 3. The condition workload of the modular unit. 

Parameter value unit 

Water flow 

(circuilation) 
1.5  lit/minute 

Airflow  

(Oxygen feed) 
26.25 lit/minute 

 

Table 4. The measurement of electrical power of DC machine. 

DC machine value unit 

A dc motor of water 

pump 
4 Watt 

A dc motors of air 

compressor   
8 Watt 

2.2 Electrical power and energy modeling  

Electrical power and energy relation between the 

extensive and the modular represented with equations (1) 

and (2).  

The factor of energy is the operation time and power 

of the machine. The difference between both systems is 

the number and type of electrical machines that affect 

the energy consumption.  

          Esystem   =    Ptotal × toperation                    (1) 

                  Ptotal  = ∑ Power of electrical machine        (2) 

where  

Esystem     :  energy used in the system (W-hour) 

Ptotal          :  total power of all machine in system (W)  

topearation   :  operation time of system (hour)   
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3 The electrical energy modeling of the 
modular unit    

The modular unit's electrical power and energy models 

are written by equations (3) and (4). One of the modular 

systems consists of components are a dc pump and three 

dc compressors units. 

Powermodular  =  PowerDC Pump + ∑ Power DC Comp  (3) 

Emodular   =    Powermodular × toperation                (4) 

where  

Powermodular  :  power of the modular used (W)  

PowerDC Pump :  power of dc pump  unit (W)  

PowerDC Comp :  power of dc compressor unit (W) 

Esystem     :  energy used in the system (W-hour) 

The relation of scale production between the modular 

system and the extensive system can be represented by 

equation (5) with  the production factor (k)  is 14.3 % 

that calculate from the total productivity for a maximum 

of the modular (1.5 kg) and the extensive (10.5 kg) . 

Ymodular   =     k × Yextensive                           (5) 

where 

Ymodular  :  weight of product from the modular (kg) 

Yextensive  :  weight of product from the extensive (kg) 

k  :  production factor  

This model is used to optimize the system when 

replacing the extensive system with the modular system. 

Although the proposed model is only an electrical 

machine, it is to simplest to optimize the modular 

system. 

 

4 Result and conclusion  
   
The calculation power from proposing a modular model 

with one motor pump and three compressors is 28 Watt. 

The factor of production weight the modular to the 

extensive is  14.3 %, the recalculation of electrical power 

used in 100 % is 195.80 Watt. The differential power 

between the extensive and the modular at same weight 

production is 565 – 195.80 = 374.2 Watt. Therefore, the 

power and energy used will reduce to 65.35 %.  

However, the proposed modular contains 1.5 kg per 

three containers, affect the power reduced to 374.2 Watt. 

The trend of power used and production factor is 

represented by table 5 and figure 8. 

Table 5. The power uesd of modular varied with number of 

compressors and container. 

No. of compressers and 
containners  

Power used of 
modular (W) 

Production 
factor (%) 

3 28 14.3 

4 36 19.0 

5 44 23.8 

6 52 28.6 

7 60 33.33 

   

Fig. 8. The relationship between numbers of 

compresser/container and the percent of enegy reduction. 
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