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Solar photovoltaic (PV) systems are increasingly important for sustainable energy 
development in tropical countries, where high solar availability is accompanied by 
environmental conditions that may influence system performance. This study assessed solar 
PV potential and key environmental constraints in Pak Kret, Nonthaburi, Thailand, using 
publicly available secondary data and a narrative synthesis of  relevant scientific literature. 
Annual solar-resource indicators obtained from the Global Solar Atlas were evaluated 
together with environmental factors including solar irradiance, temperature, relative humidity, 
dust and soiling, wind, shading, and panel tilt. The study area showed a Global Horizontal 
Irradiation (GHI) of  1,800.6 kWh/m²/year and a Global Tilted Irradiation (GTI) of  1,851.1 
kWh/m²/year. Estimated photovoltaic power output (PVOUT) was 1,452.6 kWh/kWp/
year, corresponding to approximately 3.98 kWh/kWp/day and an approximate capacity 
factor of  16.6%. The optimal annual panel tilt was 15°, at which GTI was approximately 
2.8% higher than horizontal irradiation. Evidence from the literature indicates that high 
module temperature, humidity, dust accumulation, and shading may reduce PV performance, 
whereas wind can improve thermal dissipation. Overall, Pak Kret has favorable potential 
for rooftop PV deployment; however, system design should account for local thermal and 
environmental constraints. Because the analysis is based on modeled secondary data rather 
than field measurements, the findings should be interpreted as a preliminary location-specific 
assessment and validated through future on-site monitoring.
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INTRODUCTION
Solar photovoltaic (PV) systems are widely used as a clean 
and scalable alternative to fossil-fuel-based electricity 
generation. Their energy yield depends primarily on 
incident solar radiation, but module technology, operating 
temperature, mounting configuration, and local weather 
also influence actual performance (De Soto et al., 2006; 
Huld et al., 2010; Huld et al., 2012). Thailand has favorable 
conditions for solar-energy development because of  
its tropical location and substantial year-round solar 
irradiation, as documented in national solar-resource 
mapping and energy reports (Department of  Alternative 
Energy Development and Efficiency [DEDE], 2017, 
2023, 2024a; Silpakorn University & DEDE, 2018).
Environmental effects are especially important under 
tropical urban conditions. Higher module temperature 
generally reduces voltage and electrical efficiency, while 
wind can enhance convective cooling (Faiman, 2008; 
Köhl et al., 2011; Skoplaki & Palyvos, 2009a, 2009b; 
Schwingshackl et al., 2013; Dubey et al., 2013). Dust 
and soiling reduce optical transmission and can cause 
meaningful energy losses, with the magnitude depending 
on local deposition, rainfall, cleaning frequency, and 
installation geometry (Mani & Pillai, 2010; Mekhilef  et al., 
2012; Adinoyi & Said, 2013; Appels et al., 2013; Sarver 
et al., 2013; Sayyah et al., 2014). In urban settings, partial 
shading from buildings and surrounding objects can 
further decrease PV output and complicate maximum-

power-point operation (Batzelis et al., 2015).
Panel inclination is another important design variable 
because it changes the solar radiation received by the 
module surface. Numerous studies have shown that 
location-specific tilt optimization can increase annual 
irradiation compared with a horizontal surface (Yakup & 
Malik, 2001; Kacira et al., 2004; Günerhan & Hepbasli, 
2007; Calabrò, 2009; Mehleri et al., 2010; Benghanem, 
2011; Jacobson & Jadhav, 2018). Thai work has likewise 
examined PV configuration and installation performance 
under local conditions (Yotooratai, 2023; DEDE, 2024b).
The present study focuses on Pak Kret, Nonthaburi, and 
uses secondary solar-resource data to quantify local PV 
potential while integrating evidence on environmental 
constraints. The objectives were to: (1) assess annual solar-
resource indicators and expected PV yield; (2) quantify the 
irradiation advantage associated with optimal panel tilt; 
and (3) identify practical environmental considerations 
relevant to rooftop PV planning in tropical urban 
Thailand.

MATERIALS AND METHODS
Study Design
This study used a secondary-data analytical design 
combined with a narrative synthesis of  published evidence. 
No new field measurements were collected. The analysis 
was designed as a location-specific preliminary assessment 
rather than an experimental performance study.
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Figure 1: Conceptual framework of  environmental factors affecting solar PV performance under tropical urban 
conditions.

Study Area and Data Sources
The study area was Pak Kret, Nonthaburi, Thailand. 
Annual solar-resource indicators were obtained from the 
Global Solar Atlas, a World Bank/ESMAP-supported 
resource developed with Solargis for solar-resource and 
photovoltaic assessment (Energy Sector Management 
Assistance Program [ESMAP], 2019). The variables 
extracted from the original project dataset were specific 
PV power output (PVOUT), direct normal irradiation 
(DNI), global horizontal irradiation (GHI), diffuse 
horizontal irradiation (DIF), global tilted irradiation 
(GTI) at optimal tilt, optimal tilt angle, mean ambient 
temperature, and elevation. National context was 

Figure 2: Solar-energy potential of  Thailand with the 
approximate location of  Pak Kret, Nonthaburi. Source 
map adapted from DEDE solar-resource mapping; Pak 
Kret locator added by the authors.

supported by DEDE solar-resource mapping and 
Thai energy publications (DEDE, 2017, 2023, 2024a; 
Silpakorn University & DEDE, 2018).

Environmental Variables
The environmental factors considered in the evidence 
synthesis were solar irradiance, module and ambient 
temperature, relative humidity, wind speed, dust/soiling, 
cloud conditions, shading, and panel inclination. These 
variables were selected because they are repeatedly 
identified as determinants of  PV output in established 
performance and environmental studies (Skoplaki & 
Palyvos, 2009a, 2009b; Mekhilef  et al., 2012; Batzelis et 
al., 2015).

Data Analysis
Solar-resource indicators were summarized descriptively. 
Daily specific yield was calculated as annual PVOUT 
divided by 365. The relative irradiation gain from 
optimal tilt was calculated as [(GTI - GHI)/GHI] 
× 100. An approximate annual capacity factor was 
calculated as [PVOUT/8,760] × 100. Because the 
available dataset consisted of  annual summary 
indicators rather than repeated observations, inferential 
correlation or regression analyses were not performed. 
Literature findings were used only to interpret plausible 
environmental influences and were not treated as locally 
measured effect sizes.

RESULTS AND DISCUSSION
Solar Resource and Photovoltaic Potential
The secondary dataset indicated favorable solar-resource 
conditions in Pak Kret. Annual GHI was 1,800.6 kWh/
m²/year, while GTI at the optimal tilt was 1,851.1 kWh/
m²/year. Specific PV power output was 1,452.6 kWh/
kWp/year, equivalent to approximately 3.98 kWh/kWp/
day. DNI and DIF were 1,189.9 and 933.3 kWh/m²/
year, respectively. Mean ambient temperature was 27.8°C 
and the reported elevation was 8 m.
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Table 1:  Solar-resource and photovoltaic indicators for Pak Kret, Nonthaburi

Indicator Value Unit
PVOUT 1,452.6 kWh/kWp/year
Daily specific yield 3.98 kWh/kWp/day
DNI 1,189.9 kWh/m²/year
GHI 1,800.6 kWh/m²/year
DIF 933.3 kWh/m²/year
GTI at optimal tilt 1,851.1 kWh/m²/year
Optimal tilt angle 15 degrees
Mean ambient temperature 27.8 °C
Elevation 8 m
GTI gain over GHI 2.80 %
Approximate capacity factor 16.58 %

Note. GTI gain and capacity factor are derived from the reported annual secondary-data indicators.

Effect of  Optimal Panel Tilt
GTI at the optimal 15° inclination exceeded GHI by 
50.5 kWh/m²/year. This corresponds to an irradiation 
increase of  approximately 2.8% relative to a horizontal 
surface. This value represents a modeled irradiation 
advantage rather than a directly measured increase in 
electrical energy generation.

Figure 3:  Comparison of  annual GHI and GTI in 
Pak Kret, Nonthaburi. GTI at the optimal 15° tilt is 
approximately 2.8% higher than horizontal GHI.

Expected PV Energy Yield and Environmental 
Context
The reported PVOUT corresponds to an approximate 
annual capacity factor of  16.6%. The mean ambient 
temperature of  27.8°C is above the 25°C cell temperature 
used in standard test conditions, and actual daytime module 
temperatures can be substantially higher than ambient 
temperature. The literature therefore suggests that thermal 
management, shading control, and soiling maintenance are 
relevant considerations when translating modeled solar 
potential into real rooftop-system performance (Faiman, 
2008; Skoplaki & Palyvos, 2009a, 2009b; Mani & Pillai, 
2010; Mekhilef  et al., 2012; Batzelis et al., 2015).

Discussion
The analysis indicates that Pak Kret has favorable 
conditions for rooftop PV deployment. The annual GHI 
and estimated PVOUT are consistent with the broader 
solar-resource potential documented for Thailand and 
with satellite-based approaches used internationally to 
estimate PV performance (DEDE, 2017, 2023; ESMAP, 
2019; Huld et al., 2010, 2012). These results support the 
use of  secondary solar-resource databases for preliminary 
site screening when direct monitoring data are not yet 
available.
The 15° optimal tilt produced a modeled irradiation gain 
of  approximately 2.8% relative to a horizontal surface. 
Although modest, such a gain can accumulate over the 
operating life of  a PV system and can be achieved through 
installation design rather than increased nominal capacity. 
The result is directionally consistent with prior studies 
showing that optimum tilt depends on latitude, season, 
and local irradiance distribution (Yakup & Malik, 2001; 
Kacira et al., 2004; Günerhan & Hepbasli, 2007; Calabrò, 
2009; Mehleri et al., 2010; Benghanem, 2011; Jacobson & 
Jadhav, 2018).
High solar availability does not eliminate environmental 
losses. Elevated module temperature can reduce voltage 
and power, while wind can partially offset thermal effects 
through convective cooling (Faiman, 2008; Köhl et al., 2011; 
Dubey et al., 2013; Schwingshackl et al., 2013). Similarly, 
accumulated dust and surface contamination can reduce 
optical transmission and energy yield, particularly where 
cleaning intervals are long or deposition is substantial 
(Mani & Pillai, 2010; Adinoyi & Said, 2013; Appels et al., 
2013; Sarver et al., 2013; Sayyah et al., 2014). Humidity 
may interact with soiling and atmospheric transmission, 
while urban shading can produce non-uniform irradiance 
and nonlinear electrical losses (Mekhilef  et al., 2012; 
Batzelis et al., 2015).
For practical planning in Pak Kret, solar-resource potential 
should therefore be interpreted together with roof  
orientation, shading, ventilation, maintenance access, and 
local installation constraints. Thai technical guidance and 
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local PV studies provide useful complementary context 
for system design, but direct field validation remains 
necessary before site-specific financial or engineering 
decisions are made (DEDE, 2024b; Yotooratai, 2023).

CONCLUSION 
This study assessed the solar photovoltaic potential of  
Pak Kret, Nonthaburi, Thailand, using secondary solar-
resource data and supporting literature. The area showed 
favorable conditions for rooftop PV development, with 
a Global Horizontal Irradiation (GHI) of  1,800.6 kWh/
m²/year, Global Tilted Irradiation (GTI) of  1,851.1 
kWh/m²/year, and estimated PV output of  1,452.6 
kWh/kWp/year, equivalent to approximately 3.98 kWh/
kWp/day. An optimal panel tilt of  about 15° increased 
annual solar irradiation by approximately 2.8% compared 
with a horizontal surface.
Environmental factors, particularly temperature, dust 
and soiling, humidity, wind, and shading, should also 
be considered because they may influence actual system 
performance. Appropriate panel inclination, ventilation, 
shading control, and regular maintenance can support 
more efficient rooftop PV operation under tropical urban 
conditions.
Overall, Pak Kret has good potential for rooftop solar 
PV deployment. However, the findings are based on 
secondary data and should be confirmed through future 
field measurements of  irradiance, module temperature, 
and actual electricity generation.

Limitations 
The analysis relied on annual secondary-data indicators 
rather than direct field measurements. Annual averages 
do not capture short-term or seasonal variability in cloud 
cover, rainfall, temperature, humidity, wind, soiling, 
or shading. The 2.8% tilt advantage was derived from 
modeled GHI and GTI and should not be interpreted as 
an experimentally measured energy-yield improvement. 
In addition, module technology, inverter efficiency, roof  
geometry, electrical losses, maintenance practices, and 
local obstruction patterns were not directly evaluated. 
Future studies should compare modeled values with 
time-resolved measurements of  irradiance, module 
temperature, and actual AC energy generation.

Data Availability
The study uses publicly available secondary solar-
resource information from the Global Solar Atlas and 
Thai government energy-resource publications. No new 
participant-level or proprietary dataset was generated.

Ethics Statement
Not applicable. The study involved no human participants, 
animals, or identifiable personal data.
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