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In solar photovoltaic (PV) energy generation system, the term “photovoltaic” refers to a semiconductor-based

device used to convert solar energy (sunlight) into electrical DC energy. To generate electricity, the solar PV

generation system has become a mainstream option, especially for the communities who live in rural areas. Its

market has vastly expanded in a short period, where according to Parikh, 70% of solar PV module manufacturing is

accounted for by China.

solar energy  solar radiation  photovoltaic system  insolation  isotropic models

1. Introduction

The solar PV system can only be installed in areas where there is enough direct supply of solar energy so that the

financial investment becomes worthy . Fortunately, Malaysia is located within the second largest solar radiation

region globally, between 1 degree and 7 degrees in north latitude and 100 degrees and 120 degrees in east

longitude . Malaysia’s potential for solar power generation is estimated at four times the world fossil fuel

resources, since there is an average of 4 to 8 h of sunshine every day . Authors in  remarked that the

abundance of solar radiation averaging from 4.8 to 6.1 kWh/m /day indicates a high potential for solar energy

throughout this country. Furthermore, as seen in Figure 1, the photovoltaic power potential in several places in

Malaysia exceeded daily totals of 4.0 kWh/kWp . In another study , the authors have stated that there is a

massive potential of solar energy system resources in electricity generation. Hence, they concluded that the

installation of a solar energy system is highly feasible in Malaysia.
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Figure 1. Malaysia’s photovoltaic power potential map obtained from the Global Solar Atlas 2.0, a free, web-based

application that is developed and operated by the company Solargis s.r.o. on behalf of the World Bank Group,

utilising Solargis data, with funding provided by the Energy Sector Management Assistance Program (ESMAP). For

additional information: https://globalsolaratlas.info (accessed on 20 November 2020) .

On the other hand, a complete working solar PV system is still considered expensive at present ; however,

the average cost of energy (COE) is experiencing a downward trend and is currently cheaper than fossil fuel power

plants. Therefore, it is crucial for the maximum amount of sunlight to be captured by the solar PV module.

Indirectly, this also helps avoid oversizing the solar PV system and ensuring that it operates efficiently . Hence,

to have maximum PV power output, two essential factors, namely, optimum tilt angle and solar PV modules

orientation, are crucial for designing and installing solar PV panels. In a study conducted by , the authors stated

that adjusting the PV module’s tilt angle in different seasons causes more energy to be captured. The sunlight

intensity is different according to the season and location, that is, the latitude and longitude, season, local

landscape, and local weather . This statement further indicated that the optimum tilt angle and orientation would

be different at different times and locations . Hence, this indirectly led to diverse methods being established and

developed to determine the maximum solar radiation factors.

2. Solar Models

The method of obtaining the total solar irradiation is done by initially estimating the ratio of diffuse components on a

tilted surface to a horizontal surface, which can be classified into two general models known as isotropic and

anisotropic models. According to Shukla , there are three components of the diffused fraction of radiation on

tilted surfaces, comprised of isotropic, circumsolar, and horizon brightening factors. For the isotropic-type models,
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the intensity of diffuse sky radiation is assumed as uniform over the skydome. Some examples of isotropic models

are the Liu and Jordan model, the Koronakis model, the Badescu model, the Tian model, and the Jimenez and

Castro model. In comparison, the anisotropic-type model assumes the anisotropy of the diffuse sky radiation in the

circumsolar region, as well as the isotropically distributed diffuse component from the rest of the skydome, which is

the horizon brightening fraction. Models such as the Temps–Coulson model, Steven and Unsworth model, Hay

model, Klucher model, and Gueymard model are examples of anisotropic-type models .

Several past research projects have been conducted to obtain a solar collector’s optimum tilt angle using both the

isotropic and anisotropic models and other models. Hailu  conducted a study to identify the optimum tilt angle

and orientation of a solar module that maximises solar irradiation. The study applied eight empirical models (four

isotropic and four anisotropic models) in Canada. As a result, it was found that the anisotropic models were more

consistent as compared to isotropic models with varying optimum tilt angles in the range of 46° to 47° and 37° to

44°, respectively. The results also suggest that the collector’s tilt angle should be changed four times over a year to

receive more solar radiation. The solar module orientation should be installed with a flatter tilt angle facing west or

east due south.

Apart from that, Shukla  conducted a study to compare different empirical models’ accuracy by using six

empirical models (three isotropic and three anisotropic models) at Bhopal, India. This was done by comparing the

empirical models’ results with the ground-measured data from one sample statistical test. The tilt angle was fixed to

Bhopal's latitude, 23.26°, and the orientation was also fixed facing due south. The results indicate that among all

models, an isotropic model known as the Badescu model possessed minor statistical errors. This model was more

suitable for the estimation of solar radiation incident on a tilted surface. Authors in  conducted a study to

determine the optimum tilt angle and orientation of the PV module by applying the harmony search (HS) meta-

heuristic algorithm method in six different places in China. The result has shown that the optimum tilt angle will

differ at all the different places; hence, it should be changed once a month, and the PV module is best oriented to

face due south. Besides, in a study done by Abdallah , a mathematical model was used to estimate the solar

radiation on south-facing surfaces with different tilt angles in Palestinian cities. This model has been verified by the

Photovoltaic Geographical Information System (PVGIS) and Photovoltaic Software (PVWatts) developed by the

NREL. The results show that most Palestinian cities’ annual optimum tilt angle is around 29 degrees, showing a

10% energy gain compared to a solar panel mounted on a horizontal surface.

Meanwhile, Hertzog  conducted a study to find the optimum tilt angle of a fixed PV module that was mounted in

South Africa by running an experiment. In this study, an experimental design incorporating a two-year longitudinal

study was used. The outcome shows that in 2016 and 2017, a PV module with a tilt angle of latitude +10° and a PV

module with a tilt angle of latitude −10° yielded the highest output power for winter months and summer months,

respectively. However, it is recommended to install the collector at a tilt angle equal to the latitude, as it will cause

the highest overall average output power to be yielded. In another study conducted by , a mathematical model

was used to estimate solar radiation and determine the optimum tilt angle and orientation on a tilted surface. This

was done in the high latitudes zone in the Southern Hemisphere, where the method was applied for a specific
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period and on a daily basis. By positioning the collector monthly at an optimum tilt angle, this achieves a yearly

gain in solar radiation up to 1.8 times compared to the case of a horizontal surface.

For research that has been conducted explicitly in Malaysia: authors in  conducted a study to optimise the tilt

angle of the photovoltaic module installed in five sites, namely, Kuala Lumpur, Ipoh, Alor Setar, Johor Bharu, and

Kuching, by using the Liu and Jordan model. The results indicate that for states that are in Peninsular Malaysia, an

optimum seasonal tilt is recommended. For states in East Malaysia, a monthly change of tilt angle will help the PV

modules capture the maximum amount of solar radiation. Apart from that, the authors in  conducted a study to

assess the solar radiation on variously oriented surfaces and optimum tilts for a solar collector in Bangi, of latitude

3 degrees north. Seven years’ worth of monthly average daily solar radiation on the horizontal plane was used as

an input for the KT solar radiation model and simulated using MATLAB to provide solar irradiation data at various

orientations for the whole year. The result shows that the monthly optimum tilt angle changed throughout the year,

ranging from −24° (facing due south) to +22° (facing due North). Meanwhile, the annual optimum tilt angle is close

to Bangi’s latitude, which is 1.4° facing due south, while the optimum angles for seasonal south- and north-facing

surfaces were found to be 14.4° ± 5° and 14.8° ± 5°, respectively. Lastly, a study conducted by  intended to

evaluate the fixed optimum tilt angle of PV panels at three rural villages, namely Kampung Opar (Sarawak,

Malaysia), Kampung Labi (Beaufort, Sabah, Malaysia), and Kampung Orang Asli Kemendol (Selangor, Malaysia).

The Liu and Jordan model is applied in this study, and the result has shown that the optimal tilt angle in these three

locations is under 5°. A summary of other past research is tabulated in Table 1.

Table 1. Previous research regarding the optimum tilt angle in Malaysia.

Papers Case Study
Monthly

Optimum
Angle

Optimum
Fixed Tilt

Angle

Applied
Tool Method Orientation

of PV

Khatib,
Mohamed,
Mahmoud,
Sopian 

Kuala Lumpur,
Ipoh, Alor Setar,

Johor Bharu, and
Kuching

Provided
latitude of

the location
Excel

Liu and
Jordan

South

Khai, Nor
Mariah,
Othman,

Mohd Zainal
Bangi Provided

14.4° ± 5°
and 14.8° ±
5°—latitude

of the
location

MATLAB
KT solar
radiation

model

Facing
south and

north

Muhida Kuala Lumpur - 1° to 15° Solar Pro -
No

difference

Sunderan Ipoh, Perak Provided

0° or tilt
angle—

latitude of
the location

-
Collares—

Pereira
and Rabi

Facing
south and

north

Elhassan Kuala Lumpur - 15° to 30° PVSYS-
50, Excel,

- East, north
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Papers Case Study
Monthly

Optimum
Angle

Optimum
Fixed Tilt

Angle

Applied
Tool Method Orientation

of PV

MATLAB

Daut Perlis Provided - - - -

Khatib Kuala
Terengganu

Provided 0° to 23° MATLAB
Liu and
Jordan

-

Omidreza Kuala Lumpur - 10° Excel
Cooper’s
equation

-

These previous studies have shown different methods that can demonstrate reliable results. Based on the literature

review, the estimation process of the optimal tilt angle and the optimal orientation of solar PV modules are needed

as part of the solar PV energy system’s design process. Without an optimal tilt angle and orientation, this will be

considered a loss, as the solar PV system’s efficiency is not brought up to the maximum. Furthermore, if this

process is skipped, it will cause an over-sizing of the whole complete solar PV system design. Consequently,

money will be wasted, and investors will experience losses using this system compared to any other alternatives.

Therefore, it will be better to include the design process and obtain the optimum tilt and orientation for a more

economical and effective design.
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