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 ABSTRACT 

 

 
The installation of building-integrated photovoltaic systems has increased over the past 
years. This paper presents the sizing method of photovoltaic systems with rooftop 
space as a constraint. A sizing tool is developed to assist the design of PV systems with 
roof space constraints by using Visual Basic for Application. This new sizing tool is 
developed by implementing an iterative technique and is able to optimize the quantity 
of PV panels while overcoming the problem of space constraints on the rooftop. A roof 
dimension from Google Maps is used for the case study. This tool minimizes the design 
process time for an integrated PV system with minimum information on a rooftop. 
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1. Introduction 
 

Nowadays, fossil-fuel resources such as oil, coal, and natural gas on a worldwide basis is 
decreasing rapidly. These sources are carbon-rich fossilized remnants from millions of years ago, that 
can only be obtained from beneath the surface of the earth and turned into molecules rich in energy. 
Due to having limited resource reserves, environmental and global warming phenomena, and oil 
prices increment, renewable energy (RE) has been selected as one of the alternative energy supplies 
in the future [1,2]. 

Due to having a relatively high irradiance level throughout the year, Malaysia is potentially 
enough to set-up a photovoltaic (PV) system [3], with an average daily solar insolation of 5.5 kW/m2 
or 15 MJ/m2. Besides, a published study proves that solar score the highest overall priority matrix 
among other RE resources and most likely a good fit for Malaysia [4]. A grid-connected PV system 
(GCPV) generates electricity through energy from sun irradiation, and then the electricity is converted 
into grid-compliant AC by an inverter. PV is one of the RE that is pollution-free but has high 
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investment and environmental cost when setup the PV array system [5]. However, to design a GCPV 
system, sizing constraints such as space constraints, energy demand constraint, and budget 
constraint must be considered [6]. 

Energy constraint demand is applied in the process of optimize a limitation where a specific load 
demand is referred. When consider about energy demand constraint in PV system design, firstly need 
to identify the annual energy requirement and select the appropriate system configuration to match 
the demand of load [7]. Two past studies in GCPV system design used the electrical load profile of a 
specific building as a sizing constraint [8,9]. Since renewable sources’ output power is non-linear and 
unpredictable, battery or energy storage is necessary to store excess energy generated by RE and 
supplies power to the load when needed especially during the night, cloudy days, and periods with 
high load demand [10,11]. 

Budget constraints are happened when having fund limits for installing PV system by investor. 
This limitation always happed in real life because PV set up cost is high. Besides, it is not practical for 
every house and building owner to invest in installing PV system. Meantime, the chance to invest on 
a GCPV system is mostly inclines on support from government and feed-in tariff, since different 
countries have different market [12-14]. 

The application space constraints are applied either on a pre-defined area or available spatial 
area as the sizing limitation when optimize the sizing system process. A PV system can be installed 
either on an open land or building space. For a limited area of roofs [4,14], walls, land, or canopies 
to install the PV modules, PV modules quantities was calculated using standard formula, while the 
shading effects should be considered [5,15-17]. Several past works presented user interface 
development software for GCPV system sizing [18-20]. However, it is observed that there is no study 
to design a PV system specifically for rooftop applications while considering both PV arrangement, 
PV array size, and walkway. These factors are crucial in PV layout design, because if PV array size is 
too big, it will cause future problem such as difficulty during maintenance, replacement of damaged 
PV panel, and for cleaning without stepping on PV panels [21]. Bigger size of PV layout that may 
maximize solar output, this cause maintenance of both the roof and PV systems nearly impossible 
[22]. Providing proper pathways is also crucial to ensure firefighters get access to the roof for 
firefighting operations [23-25]. Malaysian Standard [26] provides standardisation, accreditation, and 
set general installation requirements for GCPV, focusing on the general requirements of GCPV, 
protection requirements, wiring requirements, etc. However, standard for layout design while 
considering the maximum area of PV island, to allows maintenance and provide pathway for 
firefighters are not defined.  

Therefore, this project is about the design of PV system layout with space as a constraint. In this 
paper, the published Pre-Installation Design for GCPV (PIDGCPV V2) [18] is revamped to be able find 
the optimum arrangement of PV system on rooftop, while considering the PV arrangement, PV array 
size, and walkway for future maintenance. This supportive tool is now implementing iterative to 
optimize the quantity of PV panels while overcome the problem of space constraints on rooftop.  

 
2. System Configuration 

 
This section describes the configuration architecture and system components in GCPV. The GCPV 

system is a PV system that feeds PV generated electricity to the utility grid. It is the simplest PV 
application with the least capital expense.  The configuration consists of a PV generator, inverter, PV 
meter, main distribution board, net energy metering (NEM), the Alternating Current (AC) load, and 
the utility grid.  The energy produced from the generator is provided to the load first, and the balance 
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will be exported and sold to distribution licensees.  Figure 1 shows the typical configuration of a GCPV 
system [27]. 
 

 
Fig. 1. Configuration architecture and energy flows diagram for GCPV 

 
3. Methodology  

 
This section explains the proposed optimization tool for automated PV sizing by implementing 

iterative method in VBA. The PV sizing is performed while considering the walkway distance from the 
top edge of the roof (top gap), the walkway distance from the side and lower edge of the roof (side 
and below gap), walkway distance between PV array, and maximum width for PV array, as shown in 
Figure 2.  
 

 
Fig. 2. Gap between PV panel area and edge of roof 

 
This tool will automatically propose four possible maximum PV layout, based on the following 

four type of PV panel arrangement, as shown in Figure 3: 
 

i. Panel arrangement: lengthwise across; walkway vertical 
ii. Panel arrangement: lengthwise across; walkway horizontal 

iii. Panel arrangement: lengthwise up; walkway vertical 
iv. Panel arrangement: lengthwise up; walkway horizontal 
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The white colour area is representing the area at top gap, side gap, and below gap, and blue 
colour represents PV panel installation area. Then, to obtain the optimize PV system on the rooftop 
with limited area, this tool will select the PV layout with maximum PV area among these four PV 
panel arrangements. 

 

  
(a) (b) 

  
(c) (d) 

Fig. 3. Panel arrangement (a) Panel lengthwise across; Walkway vertical, (b) Panel lengthwise 
across; Walkway horizontal, (c) Panel lengthwise up; Walkway Vertical, (d) Panel lengthwise up; 
Walkway horizontal 

 
The tool’s operating procedure is started by obtaining the rooftop area and inserting the roof size 

into the proposed optimization tool. Then, it follows with obtaining PV size (length and width from 
datasheet).  Next, the user needs to set input information into the optimization tool, such as the gap 
between panels and the gaps between roof edge, which is simplified in Figure 4.  
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Fig. 4. Flowchart of implementation plan for the proposed optimization methods 

 
Figure 5 illustrates the subroutine for one of the subroutines, the Panel Lengthwise Across 

arrangement. The subroutine will automatically estimate size of rooftop to mount PV array area 
where it represented by blue colour, red as walkway, and yellow area as gaps array. Subsequently, 
the number of maximum PV panels to be installed can be calculated. 

First four steps in the subroutine are to remove walkway area from the total roof area (Length * 
Width) by changing the walkway areas into yellow colour, and the red area represent the available 
roof area. Next step is to initial the iterative values, such as maximum pre-set island, maximum roof 
area, and walkway width. Afterwards, starting from j=1, the roof area is in red colour will be changing 
to blue colour, which represent the area to install PV panel, and gap between the PV array will remain 
red. The other three PV arrangements apply similar subroutine, whereby some modification in VBA 
coding is needed in during initialization of length and width for PV panel and roof area. 
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Fig. 5. Subroutine for panel lengthwise across 

 
4. Software Development 

 
The development of PIDGCPV V2 is divided into three parts, which are the sizing, economic 

analysis, and system performance. Figure 6 shows the flowchart of PIDGCPV V2 [18]. 
 



Journal of Advanced Research in Applied Sciences and Engineering Technology 

Volume 62, Issue 1 (2026) 119-131 

125 
 

 
Fig. 6. Flowchart of simulation steps 

 
The user starts by selecting the PV module, inverter, site location and system constraint. PV 

module, inverter, and site location is chosen based on selection menu generated from database 
embedded in the tool. The published tool [18] is now revamped by automatically determine the ideal 
number for modules, while considering four PV arrangements, PV array size, and walkway using 
iterative techniques. The objectives in developing this software are to: 

 
i. Determine the optimum configuration and preliminary design for GCPV while complying 

to all space constraints.  
ii. Optimize configuration and arrangement for PV module and inverter. 

iii. Perform economic analysis and performance analysis. 
 
Vertical menu function and pop-up menu were appended to make the tool user friendly. Figure 

7 shows the main page, analysis results, optimum PV arrangement in rooftop space, optimum PV 
String Configuration, economic analysis, and performance analysis in PIDGCPV V2. 

 
 
 

USER INPUT DATABASE OPTIMIZATION

PV Module Type

Inverter Type

Site Location

Selection of Constraint

Space:
- Roof Length
Roof Width

- Space between module
- PV arrangement

- PV array size
- Walkway distance 

Energy demand:
- Monthly / Annually

Budget:
- Total Budget
- Cost Index

Derating Factors

PV Module Database

Inverter Database

Meteorological Database

- Number of parallel string
- Number of module / string

- Number of inverter
- System Performance
- Economic Analysis

- Performance Analysis
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(a) 

 
 

(b) (c) 

 

 
(d) (e) 
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(f) 

Fig. 7. PIDGCPV V2 UI (a) Main Page, (b) Analysis results based on selected constrain, (c) Optimum PV 
arrangement in rooftop space, (d) Optimum PV String Configuration, (e) Economic Analysis, (f) 
Performance Analysis 

 
5. Case Study 

 
The proposed optimization tool for automated PV sizing will show user the total quantity of PV 

pane to be installed predicated on the available area and the best possible arrangements; lengthwise 
up or lengthwise across. This section explains the input data used in the case study.  

 
5.1 Site Selection 

 
An industrial building’s roof is selected from google maps, where its address is located at Jalan 

Kempas Lama, Johor Bahru, which is a small industrial area opposite of Southern University College. 
On Google map’s measurement, the rooftop used for the case study is with area of width 23.5 m and 
length 18.1 m, as shown in Figure 8.  

 

  
(a) (b) 

Fig. 8. Rooftop’s measurement from Google Map (a) Roof width, (b) Roof length 

 
5.2 PV Panel and Inverter Selection 

 
For PV Module, Kyocera KC200GH-2P was chosen for case study. This PV module is available in 

the market and the specification is as shown in Table 1.  
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Table 1 
PV module datasheet specification [28] 
Parameter Specifications 

Model Kyocera KC200GH-2P 
Maximum power (W) 200W 
Maximum power Voltage (V) 26.3V 
Open Circuit Voltage (V) 32.9V 
Maximum Power Current (A) 7.61A 
Short Circuit Current (A) 8.21A 
Size W*L*H (mm) 1425*990*36 
Product Weight (kg) 17.5Kg 

 
Meanwhile, the details of selected inverter, SMA SB 5000TL, is simplified in Table 2.  

 
   Table 2 
   Inverter specification [29] 

Parameter Specifications 

Model SMA SB 5000TL 
Maximum Voltage 550 V 
Minimum Window Voltage 175 V 
Maximum Window Voltage 440 V 
Maximum Current per string (A) 15 A 
Nominal Power 46000 W 
Efficiency 97 % 

 
5.3 Space Constraint 

 
The optimum design is selected from the maximum possible quantities of PV panel that can fit 

the rooftop. The list of space constraints applied is simplified in Table 3. 
 

Table 3 
List of constraints applied in the case study 
Constraint Value (metre) 

Top Gap 0.3 
Side and Below Gap 1.2 
Walkway 0.6 
Maximum width of PV island 8.0 

 
6. Results and Discussion 

 
From the simulation results as summarized in Table 4, maximum quantities of PV panels to be 

installed is 215 units. The configuration is 12 unit of PV panels connected in each string, with 
maximum of 2 parallel strings in each inverter. A total of 9-unit inverter is needed for this 
configuration. 

Expected energy generated per year is 53212.805 kWh, the cost of energy is RM 0.55 and 
performance ratio is 0.755. 

Referring to Tenaga Nasional Berhad (TNB) Pricing and Tariffs [30,31], the range of domestic tariff 
category is RM 0.218 – RM 0.571. For commercial tariff, the range falls into RM 0.224 – RM 0.509 and 
for industrial category, the range is RM 0.202 – RM 0.441. Any further decline in system cost and hike 
in TNB tariff in the future making solar energy more competitive with traditional utilities in Malaysia. 
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 Table 4 
 Result of system sizing 
Category Parameter No. of PV Panel 

Panel Arrangement 

Lengthwise across, walkway vertical 200 

Lengthwise across, walkway horizontal 203 

Lengthwise up, walkway vertical 215 

Lengthwise up, walkway horizontal 207 

Optimum Arrangement (Lengthwise up Walkway vertical) 215 

Configuration 

Max series PV module per string 12 

Max parallel strings per unit inverter 2 

Inverters unit 9 

Annual Performance Analysis Peak Sun Hour 1630.7 h 

Average Temperature 27.9 °C 

Annual Energy generation 53212.805 kWh 

Performance Ratio 0.755 

Economic Analysis Life Cycle Cost for 25 years RM 393,269.58 

Life Cycle Cost / year RM 28,324.41 

Cost of Energy RM 0.55 

 
Besides, additional government incentives and subsidies will contribute to the competitiveness 

in PV cost of energy. Purchasing PV panels and its balance of equipment could further reduce the 
initial cost, which affects the system’s initial cost. To fulfil the high RE capacity target in Malaysia by 
2050, the focus must shift to solar since its tariff is able to compete with natural gas but still not 
cheap enough to compete with coal [32]. 

 
7. Conclusion 

 
This research presented the optimization on space constraint on GCPV system. A new supportive 

optimization tool is developed by implementing iterative and simulation developed in VBA MS Excel 
to obtain optimization techniques to overcome the problem of space constraints on rooftop.  

The operation of the new sizing tool started by specifying the roof area. From the input roof area, 
four possible PV panel mounting layouts is proposed by the tool, and the optimum layout is selected 
based on the highest number of PV panel to be installed on the roof. Annual energy generation, 
performance ratio, and economic analysis can be simulated by this software. 

However, more improvement can be made in the future, since the tool unable to avoid existing 
obstacle on roof, such as chimney, skylight, exits, and jack roof. Besides, it is recommended that 
future study to consider not only rectangle roof type, but also irregular roof area for the simulation.  

In addition, further study on system design while considering shading analysis and potential 
source of dust could be beneficial in increasing generated energy system performance. Considering 
energy demand in sizing is crucial to adequately meet energy needs and avoid grid integration issue, 
such as low power factor after GCPV integration and reverse power flow.  

 
Acknowledgments 
The authors wish to thank the Southern University College, Johor Bahru, Malaysia for the award of 
the grant that enabled the research, leading to this article under the Southern University College 
Research Fund (SUCRF/C1-2021/FEIT-11). 
 
 
 



Journal of Advanced Research in Applied Sciences and Engineering Technology 

Volume 62, Issue 1 (2026) 119-131 

130 
 

References 
[1] Mellit, Adel, and Soteris A. Kalogirou. "Artificial intelligence techniques for photovoltaic applications: A 

review." Progress in energy and combustion science 34, no. 5 (2008): 574-632. 
https://doi.org/10.1016/j.pecs.2008.01.001 

[2] Näsvall, David. "Development of a model for physical and economical optimization of distributed PV systems." 
(2013).  

[3] Belhamadia, Ahmed, Muhamad Mansor, and Mahmoud A. Younis. "Assessment of wind and solar energy potentials 
in Malaysia." In 2013 IEEE Conference on Clean Energy and Technology (CEAT), pp. 152-157. IEEE, 2013. 
https://doi.org/10.1109/CEAT.2013.6775617 

[4] Ilham, Zul. "Multi-criteria decision analysis for evaluation of potential renewable energy resources in 
Malaysia." Progress in Energy and Environment 21 (2022): 8-18. https://doi.org/10.37934/progee.21.1.818 

[5] Nordin, Nur Dalilah, and Hasimah Abdul Rahman. "Comparison of optimum design, sizing, and economic analysis 
of standalone photovoltaic/battery without and with hydrogen production systems." Renewable energy 141 
(2019): 107-123. https://doi.org/10.1016/j.renene.2019.03.090 

[6] Omar, Ahmad Maliki, Sulaiman Shaari, and Shahril Irwan Sulaiman. Grid-Connected Photovoltaic Power Systems 
Design. Sustainable Energy Development Authority Malaysia, 2012.  

[7] Ayop, Razman, Normazlina Mat Isa, and Chee Wei Tan. "Components sizing of photovoltaic stand-alone system 
based on loss of power supply probability." Renewable and Sustainable Energy Reviews 81 (2018): 2731-2743. 
https://doi.org/10.1016/j.rser.2017.06.079 

[8] Gong, Xiangyang, and Manohar Kulkarni. "Design optimization of a large scale rooftop photovoltaic system." Solar 
Energy 78, no. 3 (2005): 362-374. https://doi.org/10.1016/j.solener.2004.08.008 

[9] Sulaiman, Shahril Irwan, Titik Khawa Abdul Rahman, Ismail Musirin, and Sulaiman Shaari. "Sizing grid-connected 
photovoltaic system using genetic algorithm." In 2011 IEEE symposium on industrial electronics and applications, 
pp. 505-509. IEEE, 2011. https://doi.org/10.1109/ISIEA.2011.6108763 

[10] Mohamed, Nor Syafiqah Syahirah, Noor FaezahBintiAbdGhani, and Nurul Farhana Abd Hamid. "Battery monitoring 
for stand-alone photovoltaic system." In Journal of Physics: Conference Series, vol. 1432, no. 1, p. 012054. IOP 
Publishing, 2020. https://doi.org/10.1088/1742-6596/1432/1/012054 

[11] Zhao, Haoran, Qiuwei Wu, Shuju Hu, Honghua Xu, and Claus Nygaard Rasmussen. "Review of energy storage system 
for wind power integration support." Applied energy 137 (2015): 545-553. 
https://doi.org/10.1016/j.apenergy.2014.04.103 

[12] Nurunnabi, Md, Naruttam Kumar Roy, and Hemanshu Roy Pota. "Optimal sizing of grid-tied hybrid renewable 
energy systems considering inverter to PV ratio—A case study." Journal of Renewable and Sustainable Energy 11, 
no. 1 (2019). https://doi.org/10.1063/1.5052492 

[13] Nandi, Sanjoy Kumar, and Himangshu Ranjan Ghosh. "Prospect of wind–PV-battery hybrid power system as an 
alternative to grid extension in Bangladesh." Energy 35, no. 7 (2010): 3040-3047. 
https://doi.org/10.1016/j.energy.2010.03.044 

[14] Sen, Rohit, and Subhes C. Bhattacharyya. "Off-grid electricity generation with renewable energy technologies in 
India: An application of HOMER." Renewable energy 62 (2014): 388-398. 
https://doi.org/10.1016/j.renene.2013.07.028 

[15] Zakaria, Nor Zaini, Hedzlin Zainuddin, Sulaiman Shaari, Ahmad Maliki Omar, and Shahril Irwan Sulaiman. "Grid-
connected photovoltaic system performance prediction using long-term weather data." Scientific Research 
Journal 17, no. 1 (2020): 43-57. https://doi.org/10.24191/srj.v17i1.6321 

[16] Ebi, Isaac, Zulkifli Othman, and Shahril Irwan Sulaiman. "Optimal design of grid-connected photovoltaic system 
using grey wolf optimization." Energy Reports 8 (2022): 1125-1132. https://doi.org/10.1016/j.egyr.2022.06.083 

[17] Colak, H. Ebru, Tugba Memisoglu, and Yasin Gercek. "Optimal site selection for solar photovoltaic (PV) power plants 
using GIS and AHP: A case study of Malatya Province, Turkey." Renewable energy 149 (2020): 565-576. 
https://doi.org/10.1016/j.renene.2019.12.078 

[18] Nordin, Nur Dalilah, and Hasimah Abd Rahman. "Pre-installation design simulation tool for grid-connected 
photovoltaic system using iterative methods." Energy Procedia 68 (2015): 68-76. 
https://doi.org/10.1016/j.egypro.2015.03.234 

[19] Borhan, Anies Arina Syazwani, and Ahmad Fateh Mohamad Nor. "Sizing and Analysis of Grid-Connected 
Photovoltaic System with Battery Storage." Evolution in Electrical and Electronic Engineering 3, no. 2 (2022): 267-
278. 

[20] Noor, SZ Mohammad, S. Zaini, and A. M. Omar. "Design of graphical user interface development environment 
software for sizing of Grid Connected Photovoltaic (GCPV) system." Int. J. Eng. Technol 7, no. 3 (2018): 145-150. 
https://doi.org/10.14419/ijet.v7i3.15.17519 

https://doi.org/10.1016/j.pecs.2008.01.001
https://doi.org/10.1109/CEAT.2013.6775617
https://doi.org/10.37934/progee.21.1.818
https://doi.org/10.1016/j.renene.2019.03.090
https://doi.org/10.1016/j.rser.2017.06.079
https://doi.org/10.1016/j.solener.2004.08.008
https://doi.org/10.1109/ISIEA.2011.6108763
https://doi.org/10.1088/1742-6596/1432/1/012054
https://doi.org/10.1016/j.apenergy.2014.04.103
https://doi.org/10.1063/1.5052492
https://doi.org/10.1016/j.energy.2010.03.044
https://doi.org/10.1016/j.renene.2013.07.028
https://doi.org/10.24191/srj.v17i1.6321
https://doi.org/10.1016/j.egyr.2022.06.083
https://doi.org/10.1016/j.renene.2019.12.078
https://doi.org/10.1016/j.egypro.2015.03.234
https://doi.org/10.14419/ijet.v7i3.15.17519


Journal of Advanced Research in Applied Sciences and Engineering Technology 

Volume 62, Issue 1 (2026) 119-131 

131 
 

[21] Walker, H. A. Best practices for operation and maintenance of photovoltaic and energy storage systems. No. 
NREL/TP-7A40-73822. National Renewable Energy Lab.(NREL), Golden, CO (United States), 2018. 

[22] J. Keegan. "Commercial Rooftop Solar Design Explained." Continuing Education Center. 
https://continuingeducation.bnpmedia.com/courses/gaf/commercial-rooftop-solar-design-explained/3  

[23] V. Ziavras. "Many Factors to Consider When Providing Access to Roofs with a Photovoltaic System Installed." 
National Fire Protection Association. https://www.nfpa.org/news-and-research/publications-and-media/blogs-
landing-page/nfpa-today/blog-posts/2020/07/24/accessways-for-roof-mounted-photovoltaic-installations  

[24] SCDF. "Clause 10.2 - Solar Photo-voltaic (PV) Installation." SCDF The Life Saving Force. 
https://www.scdf.gov.sg/firecode/table-of-content/chapter-10-requirements-for-special-installations/clause-
10.2#:~:text=(3)%20Access%20aisles%20of%20minimum,20m%20from%20any%20of%20them  

[25] "Fire Code 2015 of Alabama." https://up.codes/viewer/alabama/ifc-2015/chapter/6/building-services-and-
systems#605.11.1.2.1  

[26] Malaysian Standards Online. “Malaysian Standard MS 1837:2018 Installation of grid-connected photovoltaic (PV) 
system (Second revision). “ 
https://mysol.jsm.gov.my/getPdfFile/eyJpdiI6InhiaStma2JDUFNqcUJwNkFXT2JGYUE9PSIsInZhbHVlIjoiT3ZKaUVEM
XhuOFpkWWVtbTFYM0gxUT09IiwibWFjIjoiM2NjMWViNjY1ODkwYWE4MTBhOGRkOGMyYzllZWJlZjIxY2ZhMmQzZ
TdjMTYzZmNiNTZmYTRlNDA3ZGU1NjM2NSJ9  

[27] Sebastian, R., and J. Quesada. "Distributed control system for frequency control in a isolated wind 
system." Renewable Energy 31, no. 3 (2006): 285-305. https://doi.org/10.1016/j.renene.2005.04.003 

[28] PVXchange. "Kyocera KC200GH-2P." https://www.pvxchange.com/Solar-Modules/Kyocera/KC200GH-2P_1-
2102031  

[29] Google. “Sunny Tripower, 5000TL–12000TL," 
https://www.google.com.my/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjdy-
PS-r2BAxXiSWwGHdVsCTwQFnoECAwQAQ&url=https%3A%2F%2Ffiles.sma.de%2Fdownloads%2FSTP12000TL-
DEN1723-V10web.pdf&usg=AOvVaw3Bh31ze7Tl9GLu7LajUoy8&opi=89978449  

[30] Tenaga Nasional Berhad. "Tenaga Nasional Berhad Pricing and Tariffs." 
https://www.tnb.com.my/residential/pricing-tariffs  

[31] Tenaga Nasional Berhad. "TNB Tariff." https://services.seda.gov.my/nemcalculator/tnb-tariff-rates.pdf  
[32] Shadman, Saleh, Christina MM Chin, Eng Hwa Yap, Novita Sakundarini, and Sanjayan Velautham. "The role of 

current and future renewable energy policies in fortifying Malaysia’s energy security: PESTLE and SWOT analysis 
through stakeholder engagement." Progress in Energy and Environment (2021): 1-17. 

 
 

https://continuingeducation.bnpmedia.com/courses/gaf/commercial-rooftop-solar-design-explained/3
https://www.nfpa.org/news-and-research/publications-and-media/blogs-landing-page/nfpa-today/blog-posts/2020/07/24/accessways-for-roof-mounted-photovoltaic-installations
https://www.nfpa.org/news-and-research/publications-and-media/blogs-landing-page/nfpa-today/blog-posts/2020/07/24/accessways-for-roof-mounted-photovoltaic-installations
https://www.scdf.gov.sg/firecode/table-of-content/chapter-10-requirements-for-special-installations/clause-10.2#:~:text=(3)%20Access%20aisles%20of%20minimum,20m%20from%20any%20of%20them
https://www.scdf.gov.sg/firecode/table-of-content/chapter-10-requirements-for-special-installations/clause-10.2#:~:text=(3)%20Access%20aisles%20of%20minimum,20m%20from%20any%20of%20them
https://up.codes/viewer/alabama/ifc-2015/chapter/6/building-services-and-systems#605.11.1.2.1
https://up.codes/viewer/alabama/ifc-2015/chapter/6/building-services-and-systems#605.11.1.2.1
https://mysol.jsm.gov.my/getPdfFile/eyJpdiI6InhiaStma2JDUFNqcUJwNkFXT2JGYUE9PSIsInZhbHVlIjoiT3ZKaUVEMXhuOFpkWWVtbTFYM0gxUT09IiwibWFjIjoiM2NjMWViNjY1ODkwYWE4MTBhOGRkOGMyYzllZWJlZjIxY2ZhMmQzZTdjMTYzZmNiNTZmYTRlNDA3ZGU1NjM2NSJ9
https://mysol.jsm.gov.my/getPdfFile/eyJpdiI6InhiaStma2JDUFNqcUJwNkFXT2JGYUE9PSIsInZhbHVlIjoiT3ZKaUVEMXhuOFpkWWVtbTFYM0gxUT09IiwibWFjIjoiM2NjMWViNjY1ODkwYWE4MTBhOGRkOGMyYzllZWJlZjIxY2ZhMmQzZTdjMTYzZmNiNTZmYTRlNDA3ZGU1NjM2NSJ9
https://mysol.jsm.gov.my/getPdfFile/eyJpdiI6InhiaStma2JDUFNqcUJwNkFXT2JGYUE9PSIsInZhbHVlIjoiT3ZKaUVEMXhuOFpkWWVtbTFYM0gxUT09IiwibWFjIjoiM2NjMWViNjY1ODkwYWE4MTBhOGRkOGMyYzllZWJlZjIxY2ZhMmQzZTdjMTYzZmNiNTZmYTRlNDA3ZGU1NjM2NSJ9
https://doi.org/10.1016/j.renene.2005.04.003
https://www.pvxchange.com/Solar-Modules/Kyocera/KC200GH-2P_1-2102031
https://www.pvxchange.com/Solar-Modules/Kyocera/KC200GH-2P_1-2102031
https://www.google.com.my/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjdy-PS-r2BAxXiSWwGHdVsCTwQFnoECAwQAQ&url=https%3A%2F%2Ffiles.sma.de%2Fdownloads%2FSTP12000TL-DEN1723-V10web.pdf&usg=AOvVaw3Bh31ze7Tl9GLu7LajUoy8&opi=89978449
https://www.google.com.my/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjdy-PS-r2BAxXiSWwGHdVsCTwQFnoECAwQAQ&url=https%3A%2F%2Ffiles.sma.de%2Fdownloads%2FSTP12000TL-DEN1723-V10web.pdf&usg=AOvVaw3Bh31ze7Tl9GLu7LajUoy8&opi=89978449
https://www.google.com.my/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjdy-PS-r2BAxXiSWwGHdVsCTwQFnoECAwQAQ&url=https%3A%2F%2Ffiles.sma.de%2Fdownloads%2FSTP12000TL-DEN1723-V10web.pdf&usg=AOvVaw3Bh31ze7Tl9GLu7LajUoy8&opi=89978449
https://www.tnb.com.my/residential/pricing-tariffs
https://services.seda.gov.my/nemcalculator/tnb-tariff-rates.pdf

