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This study evaluates the technical feasibility of a standalone solar 
photovoltaic (PV) system in supporting the energy requirements 
of a 20 m² greenhouse for lettuce (Lactuca sativa) cultivation in 
Sungailiat, Bangka Belitung, Indonesia. Using the System Advisor 
Model (SAM), a detailed simulation was conducted to analyze 
hourly energy generation, battery performance, and load 
coverage over a one-year period. The greenhouse, which requires 
an average of 4.8 kWh/day for lighting, ventilation, irrigation, 
and automation, was paired with a PV system rated at 2.0 kWp 
and a 5.0 kWh lithium-ion battery. Simulation results showed that 
the system generated an average of 5.6 kWh/day, exceeding the 
greenhouse’s energy demand under typical tropical irradiance 
conditions. Battery state of charge (SoC) remained within the 
optimal range of 30%–95%, ensuring uninterrupted operation 
even during low solar availability. The system achieved a 
performance ratio of 76% and a specific yield of 1,022 
kWh/kWp/year, with unmet load occurrences kept below 1.5% 
annually. These findings validate the system’s technical reliability 
for off-grid greenhouse applications, ensuring stable energy 
supply critical for controlled environment agriculture. The 
proposed design contributes to the advancement of sustainable 
and resilient farming systems in remote tropical areas. 
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INTRODUCTION 
Lettuce (Lactuca sativa) is a widely cultivated leafy vegetable appreciated for its high 
nutritional value and market potential. Optimal lettuce growth requires tightly 
regulated environmental factors, including temperature, humidity, and light intensity 
(Frasetya et al., 2021; Al-Tawaha et al., 2018). In tropical regions, greenhouses offer an 
effective means to stabilize these variables, especially when integrated with 
hydroponic systems that improve water efficiency and nutrient control (Khan, 2018; 
Hydroponics Grower, 2022). However, the operation of greenhouse systems—
particularly for lighting, irrigation, and climate regulation—demands a stable and 
continuous electricity supply (Wang & Wang, 2020; Arcadia Glasshouse, 2022). 

The adoption of renewable energy technologies, particularly solar photovoltaic (PV) 
systems, presents a sustainable solution for greenhouse electrification in rural and off-
grid locations (Aschilean et al., 2018; Al-Tawaha et al., 2018). Standalone PV systems 
not only reduce reliance on fossil fuels but also promote climate-resilient farming. 
When integrated with battery storage, these systems can deliver autonomous energy 
supply, thereby ensuring uninterrupted greenhouse functionality even during periods 
of low solar irradiance (Mirza et al., 2020; Attia & Del Ama Gonzalo, 2019). 

Simulation tools are essential for assessing the technical feasibility of such energy 
systems. The System Advisor Model (SAM), developed by the U.S. National 
Renewable Energy Laboratory (NREL), allows for detailed performance simulations of 
PV systems under variable load and weather conditions (Gilman et al., 2018; Manu et 
al., 2022). Although several studies have investigated solar-powered agriculture, 
limited research has specifically modeled energy use for lettuce cultivation in tropical 
greenhouse settings using SAM. 

This study aims to simulate the energy performance of a standalone PV-battery system 
designed to meet the daily power demands of a 20 m² lettuce greenhouse located in 
Sungailiat, Bangka Belitung, Indonesia. The simulation includes hourly PV generation 
analysis, load coverage, battery autonomy, and reliability metrics. The findings are 
intended to support the development of smart, off-grid, and renewable-based 
agricultural systems in tropical environments. 

RESEARCH METHOD 

This study employs a simulation-based approach to assess the technical and economic 
feasibility of a standalone solar photovoltaic (PV) system designed to power a lettuce 
greenhouse in Sungailiat, Bangka Belitung, Indonesia. The analysis was conducted 
using the System Advisor Model (SAM)—a simulation platform developed by the 
U.S. National Renewable Energy Laboratory (NREL)—which enables detailed 
performance modeling and financial evaluation of renewable energy systems. 

Site Selection and Climate Data 
The simulation utilized location-specific meteorological data for Sungailiat (latitude: -
1.86°, longitude: 106.12°). Weather parameters such as solar irradiance, ambient 
temperature, and wind speed were sourced from the Typical Meteorological Year 

(TMY) dataset integrated within SAM. The site receives an average solar radiation of 
approximately 5.1 kWh/m²/day, consistent with tropical coastal environments. 

Greenhouse Load Profile 
The energy demand was modeled based on the operational needs of a 20 m² lettuce 

greenhouse, incorporating lighting, climate control, irrigation, and automation 
systems. The estimated daily energy requirements are presented in Table 1. 
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Table 1. Daily Energy Demand for Lettuce Greenhouse (20 m² Area) 

No. Equipment 
Power Rating 

(W) 

Operating 

Hours/Day 

Daily Energy 

Consumption (kWh) 

1 LED Grow Lights 300 5 1.50 

2 Ventilation Fan 100 8 0.80 

3 Irrigation Pump 120 2 0.24 

4 
Sensors & Automation 

Controllers 
50 24 1.20 

5 
Standby Losses & Misc. 

Consumption 
— — 1.00 

 Total Daily Energy 

Demand 
— — 4.74 ≈ 4.8 

 

Table 2. PV System Design Parameters (SAM Configuration) 

Parameter Value / Description 

System Type Off-grid (standalone PV with battery) 

PV Array Size 2.0 kWp (monocrystalline modules) 

Array Tilt Angle 15° (optimized for Sungailiat latitude) 

Battery Storage Capacity 5.0 kWh (usable, lithium-ion, 80% DoD) 

Inverter Efficiency 96% 

System Losses 14%–16% (soiling, wiring, temperature) 

Simulation Tool System Advisor Model (SAM) – PVWatts Module 

Simulation Period 1 year (hourly resolution) 

 

RESULT AND DISCUSSION 

The simulation results from SAM, as visualized in Figure 1 to Figure 4, demonstrate 
the technical feasibility and operational robustness of the standalone PV-battery 
system designed for a 20 m² lettuce greenhouse in Sungailiat. 
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Figure 1. Monthly Energy Generation and Load Matching 

Monthly Energy Generation and Load Matching 
The monthly PV energy generation (Figure 1) ranged from 135 kWh in December to a 
peak of 192 kWh in August, reflecting typical seasonal solar irradiance patterns in 
tropical coastal regions. Despite these variations, the system maintained an average 
daily energy output of 5.6 kWh, exceeding the greenhouse’s daily energy demand of 
4.8 kWh. This consistent energy surplus confirms the system’s capability to sustain 
operations year-round. 

Battery Performance and Autonomy 

Battery State of Charge (SoC) (Figure 2) remained within the operational range of 30% 
to 95%, indicating effective charge-discharge cycles throughout the year. During the 
dry month (March), SoC was predominantly above 70%, while in the wet month 
(December), SoC showed greater fluctuations but never approached full depletion. 
These results validate the system’s capacity to buffer energy variability and provide 
up to 24 hours of autonomy, essential for nighttime and low-sunlight periods. 

Daily Energy Balance and Reliability 
The daily energy balance (Figure 3) shows that PV generation consistently met or 
exceeded load demand, with only minor gaps observed during extended cloudy days. 
The unmet load curve (Figure 4) illustrates that energy shortfalls were infrequent and 
remained below 0.15 kWh/day, accounting for less than 1.5% of annual demand. This 
high reliability minimizes risk to sensitive lettuce cultivation, which depends on stable 
lighting and climate control. 

System Efficiency and Application Potential 

The system achieved a performance ratio (PR) of 76% and a specific yield of 1,022 
kWh/kWp/year, demonstrating efficiency in energy conversion and utilization. With 
energy losses kept within standard limits (approximately 15%), the design proves to 
be technically sound. These outcomes confirm that solar PV systems, when properly 
sized and managed, can effectively support off-grid agricultural production, 
contributing to Indonesia’s clean energy transition and food security goals. 
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CONCLUSION 

This study confirms the technical feasibility of a standalone solar photovoltaic (PV) 
system in meeting the energy demands of a 20 m² lettuce greenhouse located in 
Sungailiat, Bangka Belitung. Simulation results using the System Advisor Model 
(SAM) demonstrated that a system comprising a 2.0 kWp PV array and a 5.0 kWh 

lithium-ion battery consistently provided sufficient energy to meet the greenhouse’s 
daily load of 4.8 kWh, with reliable operation sustained throughout the year. 

The system achieved high reliability, minimal unmet load, and stable battery 
performance, making it suitable for off-grid agricultural settings in tropical regions. 
These results underscore the potential of solar-powered greenhouses to support 
sustainable and resilient food production, especially in rural and energy-insecure 
areas. 

Furthermore, the system’s scalability and compatibility with existing greenhouse 
infrastructure make it a viable model for broader implementation. Future studies are 
encouraged to explore enhancements such as IoT-based monitoring, seasonal load 

adaptation, and integration with hybrid renewable systems to further optimize 
performance and expand applicability across different crops and regions. 
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