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Abstract: Agriculture currently relies more on fossil fuel power for its mechanised 

operation. However, the electric power system embedded in agriculture machinery enables 

farm electrification that provides numerous advantages such as improve work efficiency, 

ease of equipment control, reduce energy requirement and more ergonomic. This study aims 

to analyse a hybrid power farm vehicle configuration to enable the electrification of farm 

operation such as herbicide spraying. Two methodologies are presented for this study, which 

are simulation analysis and in-field test validation. HOMER software indicates that fraction 

of energy for herbicide spraying operation and charging the battery pack is 70% from solar 

energy and 30% from the rectifier engine output. The 20Watt solar photovoltaic is selected 

due to installation area constraint on the farm utility vehicle, and simulation results indicate 

the capacity is adequate for the intended purpose. Besides that, the simulation results also 

show the setup incurs lower energy cost up to 30% as compared to direct utilisation of the 

fossil fuel generator for the herbicide spraying. The in-field test study has validated the 

simulation results. The analysis indicates that the battery performance is consistent 

throughout the trial for almost two months of operation at the area which covers nearly 

150ha. The productivity of the machine obtained through the test is on average of 8ha per 

day for a single man operation. In conclusion, the study shows that incorporation of solar 

power as opportunity charging could stabilise battery condition and will prolong battery 

health. The results also indicate that electrification of the farm equipment and its application 

could bring the desired positive result in farm activity. Thus, a more sustainable 

development approach to agriculture practice could be met. 
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1. Introduction 

Electric farm tools and implements provide a lot of advantages in terms of controllability, 

higher efficiency distribution, easy installation and fuel saving. The advancement of a 

mechatronic technology enables the application of electric equipment in the agriculture sector 

that could lead to more advanced agriculture practice, such as automation and robotics use 

(Kushairi, Singh & Ong-Abdullah, 2017). Several studies had indicated better performance 

of the electrification of farm implements towards the agriculture practices (Abdelhamid et 

al., 2018; Blackmore, Wang & Runov, 2005; Somà, 2017). The method of farm tool’s 

electrification is realised by integrating the vehicle or tractor power system either alternating 

current (AC) or direct current (DC) architecture to electric power implements such as 

fertiliser spreader, chemical sprayer or other tools.  

The farm electrification is much dependent on the requirement of the agriculture 

application and selection of the vehicle to provide the energy. The condition also depends on 

the voltage level of the energy system to be incorporated. Low energy agriculture application 

could apply a low voltage electrification system since the load requirement is small such as 

for herbicide spraying (Azwan et al., 2016). Therefore, smaller footprint carrier or 

machinery, that is installed with the sufficient energy generation capacity could be deployed 

rather than to utilise bigger size tractor or vehicle. As comparative purposes, Table 1 indicates 

the advantages and disadvantages of the current technologies available for herbicide spraying 

in oil palm plantations. 

Table 1. Available mechanised herbicide spraying technologies in oil palm plantation (Ludin et al., 2014). 

Available 

Technology 

Description Advantage Disadvantage 

Knapsack sprayer 

 

 

 

 Hand-lever operated 

sprayer with 16 to18 

litres capacity tank. 

 Coverage up to 1–

2ha per day per 

operator. 

 Very cheap 

 Could be employed 

in various terrain 

condition. 

 Able to utilise 

control droplet 

applicator. 

 Low coverage and 

high operational cost 

per area. 

 Intensive labour 

requirement. 

 Hazardous handling 

of the chemical. 
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Spraying system on-board 

utility type vehicle 

 Spraying system on-

board the utility type 

vehicle that is using 

additional internal 

combustion engines 

for the operation 

with a capacity of 

300–400L water. 

 Average coverage is 

about 7–10ha per 

day per machine. 

 Could be mobilised 

at a terrace or 

undulating 

topography. 

 A high-pressure 

pump powered by a 

petrol engine could 

extend the hose to 

about 20 metres 

from the vehicle. 

 Requires 2 to 3 

workers for the 

operation. 

 Unable to utilise a 

low volume type 

nozzle. 

 Difficult to control 

water pressure for 

both flanks. 

Tractor mounted spraying 

system 

 Various spraying 

methods that usually 

employ spraying 

boom with low 

volume nozzle. 

More than 600L of 

water could be 

carried at a time. 

 Higher coverage of 

about 30–50ha per 

day. 

 Less labour 

requirement. 

 Able to utilise 

sensors and 

electronic 

measurement. 

 Very high capital 

cost. 

 Can only be utilised 

in a flat area 

topography only. 

 High maintenance 

cost for spraying 

system. 

 

Electrification of the farm implements would also ensure less wastage to the farm input 

and provides significant productivity. A farm utility vehicle with sufficient power generation 

capability could embrace the advantages of the system. Thus, the sustainability of agriculture 

production, in general, is improving by balancing its input-output energy and decreasing its 

energy intensity (T. Li et al., 2016). One of the systems that enables sufficient energy 

generation in a smaller footprint farm vehicle is the hybrid power system, where two or more 

sources of power are available. 

Adopting hybrid power technology for a particular agriculture application provides 

advantages such as higher field coverage, improves the functionality of work, reduces fuel 

consumption and a few others (Llorens et al., 2010). Besides, a hybrid power farm vehicle 

could also incorporate a renewable energy source to recharge the battery. The method allows 

the system to be more versatile and robust (Y. Li et al., 2019). 

Solar energy technology on-board a farm vehicle in Malaysia can provide at least 25% 

of the energy to power an agriculture electric vehicle (Azwan et al., 2017) for an oil palm 

plantation operation. It is due to the fact that Malaysia receives about 4,000 to 5,000W/m2 

average solar irradiance and average sunshine duration between 4 to 8 hours a day (Daut et 

al., 2012). However, solar is not suitable to be used as a primary energy source in agriculture 

machinery application since only 20% to 35% energy from the sun can penetrate the palm 

canopies or a broadleaf tree in Malaysia (Shahidan & Salleh 2007). Thus, making solar 

energy only as an opportunity source to charge the battery. 
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This study aims to analyse the performance of low-level electrification of agriculture 

implement on a lightweight and small footprint utility vehicle for herbicide spraying in oil 

palm plantation. The study comprises simulation assessment and a field trial. The simulation 

is conducted to assess energy generation and utilisation on the hybrid power system vehicle 

by using the HOMER software. The field assessment is carried out to validate the simulation 

result. 

2. Materials and Methods 

2.1. Hybrid power utility vehicle for herbicide spraying 

A three-wheeled utility farm vehicle was fabricated to assemble the proposed system, as 

depicted in Figure 1. The prototype comprised a 7HP air-cooled diesel power engine, belted 

continuous variable transmission system, 20Watt solar photovoltaic and other auxiliaries. 

The diesel-powered machine with an electric starter and rectifier generator was selected since 

the power is adequate to cater for a proposed gross load of 400kg based on the free force 

analysis (Azwan et al., 2017). The chassis of the three-wheeled utility vehicle was selected 

since the vehicle concept is widely used in Malaysian oil palm plantation operation 

(Awaludin et al., 2015) and provides low cost of development. Another factor to consider in 

the development of the new farm utility vehicle chassis in this study was its weight 

consideration since the performance of the vehicle also depends on the engine capacity and 

its gross weight. Thus, a new chassis was developed and fabricated in consideration of those 

factors.  

 

Figure 1.  Three-wheel type machine with a solar charging and electric spraying system. 

Another function to be incorporated in the prototype was the electrical spraying system. 

The system consists of a 12V electrical pump system, the water tank, the nozzles and also its 

auxiliaries. The diaphragm pump is activated by a handle switch together with electric 

solenoids for left or right nozzle selection. A pressure reduction system is also incorporated 
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at the spray boom to ensure the correct pressure enters the nozzles for higher spraying 

performance. 

2.2. HOMER Software simulation 

This study utilised the software developed by the United States National Renewable 

Energy Laboratory in simulating the energy generation and consumption based on input 

provided to the software. The software provides significant simulation results such as 

optimisation of the configuration, capacity of the energy generation for the intended 

application, and the techno-economic analysis of the system (Azwan et al., 2017). The input 

data and design are discussed as follows: 

2.2.1 System configuration and Solar energy resources 

Figure 2 depicts the schematic diagram of the proposed design. A DC-bus provides 12V 

system configuration where solar and generator are the power sources and backed-up by a 

battery to provide a load for spraying application. However, both power sources are also 

required to recharge the cell by the excess power available. The battery is also needed to 

provide some energy for engine cranking. About 20amp current is required for cranking 

purposes, but the use is only on the instantaneous second and it was suggested to ignore for 

this simulation since the actual energy consumed for this particular application was hard to 

predict. 

Figure 2. Schematic diagram of the proposed spraying system. 

In HOMER, the energy was also investigated based on the baseline data. In this analysis, 

the solar power was referred from a previous study conducted on the integration of PV on-

board EV in oil palm plantation operation (Azwan et al., 2017). Figure 3 depicts the solar 

energy resource availability based on sky clearness index and daily radiation. 
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Figure 3. Solar energy resource availability based on sky clearness index and daily radiation. 

 

2.2.2 Energy for spraying and system constraint 

The assumption of electric spraying load is depicted in Figure 4. The previous study 

indicated that 138 200L water tank with chemical mixing and 150L per ha nozzle volume 

could complete a task within 40 to 50 minutes. The vehicle was required to return to the water 

source after the water depleted in the tank for refilling and mixing process. Therefore, it was 

assumed in the worst-case scenario that each spraying time is one hour and another one hour 

for refilling and mixing. 

 

Figure 4. Assumption of the spraying load. 

A medium pressure of up to 5 bars of a 12V electric diaphragm pump is attached to the 

system that provides spraying through two sets of low rate spraying nozzles. In terms of 

energy consumption of an electric sprayer, a small power utilisation about 22W on average 

was observed from a preliminary power test in a laboratory. The result of the test is depicted 

in Figure 5 and also indicated a variation of spraying rate between 2.25L/m to 2.40L/m due 

to diaphragm pump characteristic and with 1.5 bar pressure limitation by the pressure 
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regulator. The data were recorded by using a wattmeter and logged to a computer. Therefore, 

an average of 25Watt power was assumed to be used for the spraying system, as indicated in 

Figure 4. 

 

Figure 5. Preliminary energy test for spraying load with 1.5 bar nozzle pressure. 

 

2.3. In-Field Test and validation 

A study on the prototype performance in the actual field was carried out in a real oil palm 

plantation in Malaysia. The test period was about two months, from early May to the end of 

June 2018. The study was conducted in such a way that the prototype carried out a real task 

of herbicide spraying. A field contractor had been given the job by the estate’s management 

to utilise the prototype and fed the necessary information. The information was the battery 

state of charge (SoC) and the productivity of the spraying activity. The analysis of battery 

performance was based on Equation 1 (Vermaak & Kusakana, 2014). 

DoD = SoCfinal – SoCinitial (Equation 1) 

Where; 

DoD is referred to as the depth of discharge (%). 

 

SoCinitial is referred to as the reading of the state of charge (%) before the activity is 

carried out. SoCfinal is referred to as the reading of the state of charge (%) after the activity 

is completed. 
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Battery performance is also related to the efficiency of the energy generator. The impact 

of solar panel efficiency is very much dependent on the intensity of the solar radiation strike 

on the solar panel (Rajput & Sudhakar, 2013) and characteristic of the solar panel itself as 

depicted in Equation 2. However, for the solar photovoltaic application on-board a vehicle, 

the solar radiation is varied mostly due to the movement of the vehicle. In a recent study of 

photovoltaic system on-board an electric vehicle, about 21% of solar energy can be captured 

for the application in an oil palm plantation in Malaysia (Azwan et al., 2017). Meanwhile, 

for the electrical power obtained from a combustion engine vehicle, the efficiency of the 

rectifier generator is impacted by the crankshaft speed, drop voltage and leakage current. 

Thus, the effectiveness of both energy generators can be investigated through a state of 

charge reading in general and later could be compared to the environmental data available. 

 

r = VOC  x  Isc      X 100% (Equation 2) 

A x I 

Where: 

r = solar panel efficiency (%) Voc= open circuit voltage 

Isc = short circuit current 

A = total solar panel area (m2) 

I = average intensity of the solar radiation (W/m2) 

 

3. Results and Discussion 

3.1. Simulation Analysis   

HOMER software has provided significant simulation results, as depicted in Figure 6. 

The results obtained indicate that the highest energy fraction between solar power and engine 

rectifier output to serve the load is the renewable energy or solar energy up to 70%. The 

results also indicate that no energy shortage occurred, thus making the herbicide spraying 

feasible for this experimental setup. Further simulation analysis on battery’s state of charge 

(SoC) versus DC primary load or spraying power as depicted in Figure 7 also shows that 

battery is always in the optimum percentage at capacity between 0.02 to 0.025kW. The depth 

of discharge is not more than 20% of its original state. The condition will ensure longer 

battery life or it is less damaging to battery health (Abdelhamid, Singh & Haque, 2012; 

Doerffel & Sharkh, 2006). Good battery condition will ensure this practice could be accepted 

and used substantially in the plantation. Besides, the approach could also promote sustainable 

development in agriculture. More advanced agriculture tools with sensors and 
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microprocessor could also later be incorporated into the system since the electrification 

platform is available. 

Figure 6. Result of the Simulation Analysis from HOMER interface. 

Figure 7. HOMER simulation result of soc vs. DC primary load or the spraying power. 

 

In terms of economic analysis, HOMER had produced two optimisation results, as shown 

in Table 2, where both scenarios refer to the energy system with different equipment and 

sizing to serve the spraying load indicated previously. HOMER analysed the economic based 

on the input provided to the software. Table 3 indicates the economic assumption used for 

the analysis in Scenario 1 that certain parameters were quoted from previous studies. Scenario 

1 comprised of energy equipment with 20W solar photovoltaic and 60W rectifier engine 
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output. Meanwhile, Scenario 2 is the energy system without solar photovoltaic and bigger 

size rectifier engine output of 100W. The capacity of rectifier engine output is more 

significant in Scenario 2 due to its massive size. Thus, it incurred slightly higher capital cost. 

Both scenarios utilised cost of diesel that is capped at RM2 per litre. The analysis shows that 

the price of energy for Scenario 1 was almost 70% lower as compared to Scenario 2. The 

result validates the previous study, which is 70% of the energy for electric spraying load is 

provided by solar energy. Thus, less diesel fuel was used in Scenario 1 that provided high 

impact to the energy cost. 

Table 2. Optimisation result of system selection. 246 

 Solar Energy 

Power 

Rectifier Engine 

Output 

Initial Capital 

(RM) 

Cost of Energy 

(RM/kWh) 

Scenario 1 20W 60W 3,1001 37.64 

Scenario 2 0 100W 5,0001 106.00 

*The cost quoted by the equipment supplier. 

Table 3. Economic assumption for the selected optimisation result (Azwan et al., 2017; Jorgensen, 2008; 

Vermaak & Kusakana, 2014). 

SYSTEM DETAILS ASSUMPTION 

Solar Photovoltaic Capital 200RM 

20Watt Operational & maintenance 0 

 Lifetime 5 years 

Battery Capital 800RM 

12V 100Ah Operational & maintenance 300RM/year 

Engine Rectifier Capital 2,000RM 

60Watt Operational & maintenance 0.6RM/hour 

 Fuel consumption 0.25RM/L/hour 

 

 

3.2. In-Field Test Validation  

 The test was carried out in an actual oil palm plantation with herbicide spraying 

operation carried out based on the machine setup explained previously. The experiment was 

carried out to validate the simulation result. The actual field test was conducted within two 

months, with almost 150ha of the area covered. 

Battery condition was monitored through the state of charge (SoC) meter. The operator 

logged the battery SOC before and after the work completed daily on the farm. The area 

covered for the daily operation was also recorded based on the estate’s map provided.  

The result, as Figure 8 shows that the battery was always in good condition since the 

depth of discharge (DoD) was in the range of 20% only. The percentage was obtained by 

subtracting SoC after the work completed with SoC before the work started, as stated in 

Equation 1. It indicates that the proposed setup enables the battery to be charged and 
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discharged effectively. The result is also consistent with the HOMER simulation result, 

where battery SoC usually felt up to only 20% of its original state as depicted in Figure 7.  

The DoD is always dependent on the battery consumption in undertaking the fieldwork 

such as herbicide spraying. Besides that, initial battery condition also determines the SoC 

reading since lower initial battery voltage will result in higher current flow to achieve the 

desired power and subsequently increase the energy consumption since the current flow is 

also associated with more heat generated. Thus, one method to improve stability of the DoD 

is to ensure the battery voltage is at the optimum level before any work is carried out. In terms 

of machine productivity, it was found that on average, 8ha per day of the area can be 

covered for herbicide spraying activity. The result shows significant productivity as 

compared to the manual labour of only 1–2 ha per day per operator and almost similar 

productivity with the existing spraying technology employed in the field, where the 

pressure water is pumped through a secondary fossil fuel engine (Ludin et al., 2014). 

 

Figure 8. Results of the field validation (depth of discharge and area covered). 

4. Conclusion 

In general, the study indicates that renewable energy and energy efficiency technology 

is feasible to be incorporated into a mechanised oil palm plantation operation. The simulation 

result shows that renewable energy power fraction is almost 70% for the use of an electric 

medium pressure pump for herbicide spraying in the field. The analysis also indicates 

excellent battery performance in terms of the state of charge condition throughout the year. 

Reduction of fossil fuel utilisation of more than 70% will increase the sustainability of the 

farm operation. The simulation analysis by using HOMER also indicates the cost of energy 

is lower for the system proposed as compared to the full diesel fuel engine utilisation as the 
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primary energy for the herbicide spraying power. The lower energy cost is due to the smaller 

engine and photovoltaic system requirement. Besides that, the actual field test has validated 

the simulation analysis results and system performance. The test indicated that the system 

could work continuously and produce a significant effect in terms of productivity, which was 

about 8ha per day with a single man operation. The function of the hybrid power utility 

vehicle concept could be expanded to other farm tasks and definitely could improve the 

sustainability of the oil palm mechanisation operation.  
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