Renewable Energy in Malaysia:
The Viability of Large Scale Introduction of Solar PV for both
Grid-Connected and Stand-Alone Hybrid Systems

By Siti Nor Azlina Mohd Ghazali

A thesis submitted in partial fulfilment for the degree of Master of Science in Energy
Studies at the University of Otago, Dunedin, New Zealand

27th September 2012

Acknowledgements
First and foremost I offer my sincerest gratitude to my supervisor, Assoc. Prof. Bob Lloyd,
who has supported me throughout my thesis with his patience and knowledge and without
him this thesis would not have been completed or written.
My gratitude also to all those supported me through this journey:
To the Government of Malaysia for the scholarship.
To the staff of the Physics Department Administration Office for all their
administrative help.
To Mr. Ashadi, Mr. Ezrin, Mr. Muhammad and Miss Rafiza for good cooperation in
providing information during my fieldwork and country visit.
To everyone in Room 428 for their support.
Many thanks for my mother and my siblings for their support and prayers throughout
my entire academic career.
A special thanks to my husband (Yushairi) and my daughter (Damia) for their patient
and constant support over the past years of work and study here.

Finally, to the God Almighty (Thank you - Alhamdulillah)

I

Abstract
Malaysia is a recently emerging economy with a mission of becoming a progressive and
high-income nation, vision 2020. Over the past three decades, Malaysia has experienced
rapid economic growth, accompanied by rapid urbanization. Until recently, oil and natural
gas has dominated the country’s energy demand and supply but now there is some concern
with regard to future energy security. In addition, however, as the world is starting to shift to
alternative and non CO2 emitting energy resources, Malaysia, which has abundant renewable
energy resources, is also committed to the use of green energy as a driver to accelerate the
national economy and promote sustainable development.

This study explores the viability of large scale introduction of solar PV systems for both gridconnected and stand-alone hybrid systems in Malaysia. Using qualitative and quantitative
methods, the study has investigated the phenomenon of solar PV deployment from the view
of the stakeholders and end users. In addition, triangulation has been used for validation of
the results by obtaining information from policymakers in government, government-affiliated
organisations, Non-Government Organisation (NGOs) and solar PV service providers.

This study has revealed that solar PV has the ability to continue develop in Malaysia, as it has
shown promise in terms of a positive development, improving local and global environment
in terms of application of systems used which minimises and reduces the negative impact of
human activities on the environment, also enhancing energy security for future generations.

Overall, from this study it can be concluded that based on the current status of global solar
PV market that is growing rapidly be able to provide a great opportunity for the large-scale
introduction of both grid connected and stand-alone hybrid solar PV systems in Malaysia.

It is hoped that this thesis will not only contribute to the understanding of the barriers that
might limit the possibility of solar PV to continue develop in Malaysia, but it will also assist
decision makers in government and industry to expand the use of solar PV systems in that
country.
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Chapter One
1.

Introduction

1.1

Relationship between Energy Use and Socio-economic Development

Civilisation and energy are connected to one another. Energy is necessary for the pleasant
coexistence of humans with the environment and for economic development. Many studies
have shown the importance of energy in socio-economic development, for instance, Earl
Cook (Cook, 1971) has written a very interesting account of the flow of energy in an
industrial society and he pointed out that “man’s use of energy increased more than 100-fold
since the days of the hunter-gatherer societies”.

Globally, energy supply has had a strong link with GDP and socio-economic development.
Since 1900 until recently, the world’s primary energy consumption has increased by a factor
of 22.5 and the real-world income (GDP) grew by 25, and with business as usual is expected
to increase by 100% over the next 20 years (BP Statistics, 2012a). Meanwhile the world
population has increased by a factor of about 4 since 1900, but this growth is expected to slow
down and to increase by a further 1.4 billion over the next 20 years (The World Bank, 2012a).

As a general rule, energy supply and wealth are connected to one another, an increase in GDP
is generally accompanied by an increase in energy consumption per capita (Gagnon, 2008).
Figure 1-1 overleaf shows the relationship between energy use per capita and GDP per capita.
It can be noted that the developing world tends to see the growth of primary energy
consumption at lower level of GDP per capita than developed countries (The World Bank,
2012b).
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Figure 1-1: Energy Consumption Per Capita and GDP per Capita (2009) For Selected
Developed and Developing Countries.
Source: Derived from The World Bank official Website (The World Bank, 2012b).
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1.1.1 World Energy Scenario: Growing Demand
According to BP Statistics (BP Statistics, 2011), the total world primary energy consumption
was about 12 billion tonnes of oil equivalent in 2010, of which approximately 88% was
provided from fossil fuels and less than 2% from renewable energy excluding biomass and
big hydro. In addition, for the next 20 years, if the relationship between energy and economics
remains strong and energy demand continues to increase, we are likely to see rapid economic
growth for countries with low and middle income economies (BP Statistics, 2012a).

As shown in Figure 1-2, world primary energy consumption, which includes commercial
renewable energy, grew at an average rate of 5.6% annually since 1973, and it is projected to
increase by 1.7% per annum from 2010 to 2030 (BP Statistics, 2011; and BP Statistics,
2012a).

Figure 1-2: World Primary Energy Consumption, 2000-2030
Source: Derived from BP Statistical Review of World Energy June 2011,
(BP Statistics, 2011), and BP Energy Outlook 2030 (BP Statistics, 2012a)

Furthermore, based on the International Energy Outlook 2011 reported by the U.S Energy
Information Administration (EIA) (U.S Energy Information Administration, 2012a), world
energy demand is projected to continue to increase from 2010 to 2030, and the industrial
3
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sector is projected to grow most rapidly, at an average rate of 1.9% per annum, followed by
transport and commercial at an average rate of 1.8% and 1.7% accordingly. Meanwhile, the
EIA has forecasted that the residential sector will have the slowest growth at an average rate
of 1.2% per annum (Figure 1-3).

300

Energy Use (Quadrillion Btu)

250

200

150

100

50

0
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Residential
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2015

Commercial

2020

Transportation

2025

2030

Industrial

Figure 1-3: World Delivered Energy Consumption by End Use Sector, 2005-2030
Source: Derived from International Energy Outlook 2011, U.S Energy Information Administration
2011 (2012a)

In terms of world delivered energy consumption by sector, for 2011, the International Energy
Outlook 2011 (U.S Energy Information Administration, 2012a) reported that (Figure 1-4) the
industrial sector consumed the largest share of world total delivered energy at 51%, followed
by transportation and residential sectors at 27% and 14% respectively. Meanwhile, the least
share was consumed by the commercial sector at 8%.
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Figure 1-4: World Delivered Energy Consumption by End Use Sector For 2011
Source: Derived from the International Energy Outlook 2011, U.S Energy Information
Administration (2012a).

1.1.2 Malaysian Energy Scenario: Growing Demand
Energy supply in Malaysia is not only important for economic development, but also for
social development in terms of rural electrification especially in the East Malaysia (Sabah and
Sarawak) to strengthen the standard of living of rural people (Economic Planning Unit,
2012c).

Over the last 10 years, Malaysia experienced rapid growth in socio-economic development.
The Malaysian population has increased by about 21% from 23.4 million in 2000 to 28.3
million in 2010, with an annual growth rate of 1.9% and the population is forecasted to
achieve 31.6 million by 2020, and more than 38 million by 2030 (Figure 1-5) (Department of
Statistics Malaysia, 2011).
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Figure 1-5: Malaysia Population, 1970-2030
Source: Derived from the Department of Statistics Malaysia (2011)
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Figure 1-6: Malaysia GDP per Capita at Constant Prices, 1970-2030
Source: Derived from the World Bank’s Official Website (The World Bank, 2012b).
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Figure 1-7: Malaysia Primary Energy Demand, 1970-2030
Source: Derived from BP Statistics Review of World Energy June 2011 and BP Statistics Energy
Outlook 2030 (BP Statistics, 2011; and BP Statistics, 2012a).

GDP per capita in Malaysia has also increased significantly, it has more than quadrupled since
1990 (Figure 1-6) (The World Bank, 2012b). Meanwhile, the country’s energy demand has
increased faster than the increase in population over the last four decades (1970-2010) (Figure
1-7) (BP Statistics, 2011), and it is projected to continue grow faster than the increase in
population and GDP per capita for the next two decades (2010-2030) (BP Statistics, 2012a).
As of 2010, Malaysia’s total energy consumption was 62.9 Mtoe, which has increased by
about 35% over the last 10 years (BP Statistics, 2011). In addition, for the period 2006-2010,
Malaysia has experienced an average economic growth rate of 6.0% per annum which has
involved an annual increased of 6.3% in final energy demand (Economic Planning Unit, 2012a).
Furthermore, based on the Preliminary Energy Outlook produced by the Malaysia Energy
Centre (PTM) (Oh et al., 2010), for the next 20 years period between 2010 and 2030, oil
consumption, which is projected to grow at 4.7% per annum, is expected to remain the most
used fuel (Figure 1-8).
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Figure 1-8: Total Energy Demand and Projection by Fuel Source, 2000-2030
Sources: Derived from the Ninth Malaysia Plan and the Preliminary Energy Outlook (Economic
Planning Unit, 2012b; and Oh et al., 2010)

Nevertheless, the PTM forecasted that the proportion of oil will reduce in the national energy
mix, from 63.5% in 2000 to 60.1% by 2030 (Oh et al., 2010). Natural gas on the other hand, is
projected to grow at the fastest pace at 6.3% per annum, followed by electricity at 5.3%.
Meanwhile, coal is projected to have a modest growth rate of 2.8% annually (Oh et al, 2010;
and Economic Planning Unit, 2012b).
Meanwhile, for the country’s final energy consumption by sector, the Malaysia’s Preliminary
Energy Outlook (Oh et al., 2010) projected that the industrial sector will grow at an annual
rate of 4.8%, with the transport sector projected to grow at the fastest pace with an annual rate
of 5.3%, whereas other sectors which including the residential, commercial and agricultural
sectors are projected to grow at the same annual rate of 4.2%. On top of that, Malaysia, as one
of the Non-OECD nations, is anticipated to experience rapid growth in energy demand as
forecasted by the BP Statistics Energy Outlook 2030 (BP Statistics, 2012a), of which NonOECD nation’s energy consumption is projected to increase by 68% by 2030.

However, although Malaysia is an oil and gas exporter, the rising cost of domestic gasoline
and diesel combined with strained government finances has forced the GoM to begin
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to reduce subsidies which traditionally practice to help reduce the burden (cost of living) of
the low income level (Malaysian Government, 2012). Therefore, in line with recently
promising economies and the National Energy Policy, initiatives are being pursued by the
GoM to expand energy resources, specifically focusing on exploring the potential of various
renewable energy resources.

1.1.3 The Viability of Solar PV in Malaysia: Actions Are Being Taken So Far
Malaysia has been dynamic in its energy planning so far, with the development of key
policies and strategies for National Energy Policy (NEP) as early as 1970s (Economic
Planning Unit, 2012c). However, the first National energy policy that was enacted in 1979
mainly to guide the oil sector for the petroleum industry, and during the Fourth Malaysia
Plan (4MP) (1981-1985), the Fourth-fuel Diversification Strategy, namely oil, hydro, gas, and
coal was established to ensure consistency and security of supply, and to utilize non-oil
energy resources, particularly gas and hydropower (Economic Planning Unit, 2012c).

After the 4MP, the NEP was further strengthened. The policy was reviewed based on
documents: the Petroleum Development Act (1974), the National Petroleum Policy (1975),
the National Depletion Policy (1980), the Electricity Supply Act (1990), the Gas Supply Acts
(1993), the Electricity Regulations (1994), the Gas Supply Regulation (1997) and the Energy
Commission Act (2001) (Ministry of Energy, Green Technology and Water, 2010a). The
revised-NEP's policy (current policy) has three main energy objectives which play an
important role in guiding the future development of energy sector for adequate and cost
effective energy supply without compromising on environmental impacts (Ministry of
Energy, Green Technology and Water, 2010a).

In addition, since the Seventh Malaysia Plan (7MP) (1996-2000), the GoM has put emphasis
on sustainable development and the diversification of energy resources together with the use
of new and alternative energy sources as well as energy efficiency (Economic Planning Unit,
2012c). The policy under this 7MP was to reduce dependence on oil which has resulted in the
rapid development and usage of natural gas.
Oil and energy security issues were then highlighted as areas of concern in the Eighth
Malaysia Plan (8MP) (2001-2005) (Economic Planning Unit, 2012c). The 8MP highlighted
promoting renewable energy and energy efficiency incentives. After that, during the Ninth
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Malaysia Plan (9MP) (2006-2010) Malaysia continues to emphasize the energy sector as an
economy enabler, hence, to ensure the adequacy and reliability, the quality of energy supply
began to be intensified. Step were also initiated towards reducing the country’s dependence
on fossil fuels while simultaneously encouraging the increased the use of alternative fuels
(Economic Planning Unit, 2012b).
As part of the effort to mitigate climate change the world is starting to shift to clean energy,
Malaysia is also committed to the transition to renewable energy sources (Economic Planning
Unit, 2012a). Realizing the importance of energy as a vital component in sustainable socioeconomic development, the GoM has been continuously reviewing its energy policy to ensure
long-term reliability and security of energy supply with the launch of the Tenth Malaysia Plan
(10MP) (2011-2015) (Economic Planning Unit, 2012a). The 10MP, which has been inspired
by the Government Transformation Programme and the New Economic Model, is not only for
wide spreading availability and recognition of green technology, but also to set the stage for
Malaysia to embark on an important mission towards a progressive and high-income nation,
as envisioned in Vision 2020 (Economic Planning Unit, 2012a).

To ensure the entire energy development programme is maintained, the GoM established the
Sustainable Energy Development Authority of Malaysia (SEDA Malaysia), on 1st September
2011 to advise the Minister & Government Entities on all matters relating to sustainable
energy (SEDA Malaysia, 2012a).

Furthermore, the announcement of the Third Industrial Master Plan (IMP3) by the Malaysian
Prime Minister on 19 August 2006 further signified the Government’s commitment to
promote PV technology (Ministry of International Trade and Industry, 2008). The objective of
IMP3 is to achieve long-term global competitiveness, through practices an open door policy
on technological developments and welcomes international PV players to invest directly in
the country. The IMP3 has identified Solar Photovoltaics (PV) as one of the main
technologies to be focused on, and it is anticipated to take the lead among other renewable
energies to surpass all the other renewable energies in Malaysia by 2050 (Ministry of
International Trade and Industry, 2008; and RE World Magazine, 2007).
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Main Focus and Scope of the Thesis

1.2.1 Hypothesis
Malaysia's commitment to a transition to renewable energy supplies will need to incorporate
the large-scale introduction of Solar Photovoltaic (PV) systems for both grid-connected and
stand-alone systems.

1.2.2 Aims and Objectives
This research aims to investigate the viability of large-scale introduction of Solar Photovoltaic
(PV) systems for both grid-connected and stand-alone systems as the best option for a
sustainable energy supply in Malaysia. The aim will be achieved through the following
objectives:


Investigate the potential of solar PV as the best option for sustainable energy supply in
Malaysia.



Examine the barriers that have limited the current growth of solar PV development in
Malaysia and how these barriers can be addressed, in line with international solar PV
projects around the world.



Analyze how the world PV market will influence the development of PV industry in
Malaysia.



Evaluate the viability of grid-connected and stand-alone PV systems for residential
and commercial buildings in several selected region in Malaysia by designing using
computer simulation software.

1.2.3 Research Methodologies
The research methodologies used to achieve the aims and objectives of this thesis are
combination of literature desktop research and field studies. In analysing the viability of solar
PV market in Malaysia, a qualitative method has been used, mostly for gathering information
by the desktop review, communicating with key stakeholders including the GoM, NGOs and
private stakeholders. In addition, a quantitative method is used to obtain essential numerical
data. The data obtained from this method such as load demand and solar are required in
designing grid-connected and stand-alone PV systems.

Detailed descriptions of the research methodology used for this study are described further in
Chapter Two: Research Methodologies and Field Work.
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1.2.4 Thesis Outline
The thesis is comprised of nine chapters:
 Chapter One: This chapter will have introduced the reader to the background of the
study. Overall, this chapter is divided into two main parts: the first part discusses the
relationship between energy consumption and socio-economic development which
describing the scenario of growing energy demand. This section also describes in
general the actions that have been and are being taken by the GoM to meet the target
of large-scale introduction of solar PV systems in Malaysia. Meanwhile the second
part of this chapter describes the main focus and scope of the thesis, including
hypothesis, and aims and objectives of the study. The rest of the thesis is as follows:
 Chapter Two: This chapter introduces the research methodologies used in the study for
desktop study and field work.
 Chapter Three: This chapter gives background information of Malaysia as a basis on
which the field study was carried out. The chapter discusses the geography, climate,
demographics and other characteristics.
 Chapter Four: This chapter details an overview of the current status of energy
resources in Malaysia. The chapter describes the country’s indigenous energy and
renewable energy resources, including production and consumption, and the electricity
generation mix.
 Chapter Five: This chapter gives a detailed description of Malaysia’s Government
energy department and their development. It describes the structure, functions and
policies of the departments, the Government’s targets, initiatives and action plans,
national rural electrification program and also discusses in general the issues of
climate change.
 Chapter Six: This chapter details a literature review of solar PV issues globally and
also in Malaysia. The reviews include an overview of solar PV technologies: grid
connected and stand-alone systems, including PV modules/cells efficiency and
embodied energy as well as the current state of PV industry.
12
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 Chapter Seven: This chapter explains the case study using xHOMER analysis,
including detailed programme inputs for economic and environmental analysis of gridconnected and stand-alone PV systems for the Malaysian situation in finding the most
cost-effective configurations.
 Chapter Eight: This chapter presents the detailed results of the HOMER analysis. For
economic analysis, the results presented are included the results of the simulation,
optimization and sensitivity analysis. Meanwhile for environmental analysis, the
chapter discusses on the CO2 emissions produced by the proposed PV systems.
 Chapter Nine: This chapter discusses on the findings of the thesis objectives, and
finally the chapter is concluded with some recommendations and suggestions that may
contribute to the improvement of solar PV system deployment in Malaysia.
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Chapter Two
2.

Research Methodologies and Field Work

2.1

Introduction

This chapter describes the research methodologies used in the study. The chapter explains
how the qualitative and quantitative methods were used to investigate the deployment of
renewable energy, particularly solar PV in Malaysia. First, it describes the data collection
methodology for the desk research, including a literature review and communication (via email) with PV industry key players in Malaysia. Then, it summarizes the field research in
Malaysia, including interviews, meetings, and HOMER data collection. Following that, it
explains the difficulties encountered during data collection and information gathering.
Finally, the chapter explains the validity and biases of information and data obtained.

2.2

Research Methodology

In this study, data and information collection were obtained by a combination of desk research
and field research. Desk research involved the study of literature, government reports and
other publications. The field research involved site visits and field work in Malaysia which
involved the use of qualitative and quantitative methods. A qualitative approach was used
when the information was collected involving human behaviour that affects the data obtained,
while quantitative method was used when the information collected is numerical data. Details
on both types of research involved are described below.

2.2.1 Desktop Research
In gathering data and information for the study of ability of solar PV to continue develop in
Malaysia; extensive desk research was carried out. A comprehensive literature review was
conducted to identify information and ideas, also to increase the knowledge that is relevant to
this research. In addition, desk research was used to communicate with key players from
Malaysia PV by sending e-mails to the Government, NGOs and private stakeholders.

Generally, the raw and secondary data obtained include:


Malaysia’s solar radiation data which was downloaded from NASA and the National
meteorological stations.

14

The Viability of Solar PV in Malaysia


Chapter Two

Load demand for selected commercial building was collected during the field workcountry visit.



Other numerical data, such as GDP, population, energy demand and supply was
downloaded from the Malaysian Government official websites and other international
energy official websites such as The World Bank’s webpage, the International
Agency’s webpage, and the BP Statistics’ webpage.



Lesson learned and information related to the development of energy particularly solar
PV in Malaysia was obtained from government reports, journals and other
publications.

2.2.2 Country Visit and Field Work in Malaysia
In the field research, the method used to collect the required data was mostly qualitative
methods. This was because the study involved the investigation of energy used in connection
with social and cultural phenomenon, and also included interviews and meetings with the
parties involved.

A country visit and field work in Malaysia was conducted between 15th October and 25th
November 2011. Between the 15th October and 15th November the purpose was to meet
selected PV industry’s stakeholders and from 21st November to 25th November to collect the
data for a HOMER analysis.

The aims of the investigation and analysis of the findings from interviews and meetings
during the site visit were to obtain first hand information on the current status of solar PV in
Malaysia, and to identify the barriers to creating a strong, sustainable and viable PV market in
Malaysia.

2.2.2.1 Malaysian Field Work Research
From the desktop analysis it was ascertained that there were more than fifty companies,
organizations and other stakeholders involved in the PV Industry in Malaysia. These
included: PV service providers, academic

institutions, PV manufacturers, international

corporations, international institutions, related service and others (MBIPV, 2011a). Table 2-1
lists of some of the Malaysia PV key stakeholders.
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Table 2-1: Summary of Some of the Malaysian PV Key Stakeholders
Organisation

Address

Function

Faculty Of Engineering,

Kuala Lumpur,

Centre For Research Power Electronics,

University Of Malaya

Malaysia

Drives, Automation & Control
(UMPEDAC)

Universiti Teknologi Mara

Shah Alam, Selangor,

Photovoltaic Monitoring Centre

Malaysia

Institute Of Science

Universiti Kebangsaan

Bangi, Selangor,

Solar Energy Research Institute (Seri)

Malaysia

Malaysia

Abb Malaysia Sdn Bhd

Selangor, Malaysia

PV Module Manufacturer

AUO Sunpower Sdn Bhd

Melaka, Malaysia

Manufacturer Of Thin Film PV Module

Air Products Singapore

Singapore

International Corporation

First Solar, Inc.

Arizona, USA

International Corporation

Arsenal Research

Vienna, Austria

International Institution (Module,

Pte Ltd

Inverter & PV Products Testing And
Certification)
TNB Research

Kajang, Selangor,

Research

Malaysia
Ministry of Energy, Green

Bangi, Selangor,

Technology and Water

Malaysia

Policy Maker

(KETTHA)

Source: Derived From the Malaysian Building Integrated Photovoltaic Official Websites (MBIPV,
2011a)

However, a short list of five stakeholders (companies and organisations), which have different
functions in the success of development of solar PV in Malaysia were selected for meetings
and interviews. In the second week of September, interview questions which are constructed
based on the current status of solar PV development in Malaysia were sent via email and a
request for an appointment to meet representatives of the following companies was sent:
i) First Solar Kulim Hi Tech Park (US-based PV Manufacturer Company).
ii) TNB research Sdn. Bhd.
iii) Photovoltaic Monitoring Centre, UiTM Malaysia.
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iv) Pusat Tenaga Malaysia (Malaysia Energy Centre)-MBIPV.
v) PV service provider Wazlina Sdn. Bhd. (Ltd.).

After one month, only a representative from the Ministry of Energy, Green Technology and
Water (KeTTHA) answered by return email. For the rest, after several telephone calls were
made, appointments for interviews finally were arranged with the coordinator of Photovoltaic
Monitoring Centre (PVMC) and Wazlina Sdn. Bhd., PV service provider. The details parties
that responded positively are as shown in Table 2-2.

Table 2-2: Detailed Information of the Parties Who Responded Positively
Company

Person interviewed

Ministry of Energy, Green Technology and

Muhammad, representative from energy

Water (KeTTHA)

department

Photovoltaic Monitoring Centre (PVMC)

Rafiza, Coordinator of PVMC

PV service provider-Wazlina Sdn. Bhd. (Ltd.)

Ashadi, Admin & business development
executive

The informal interviews and meetings were carried out in their offices, normally with staff
appointed by management. The informal meetings, with the aid of voice recorder were
conducted to make communication more open and information flow freely. The discussions
have provided valuable information about the beginning history, current status and the
barriers of the solar PV in Malaysia. Detailed itinerary of site visits and field work and the
interview questions that were asked during the meeting sessions are as follows.

i)

Photovoltaic Monitoring Centre (PVMC), UiTM Malaysia

The fist site visit was the PVMC UiTM, located in Shah Alam, Selangor, Malaysia. The trip
to UiTM took place on 16th October, which was about five hours travel by car from Kuantan,
Pahang. The person interviewed was Rafiza, the Coordinator of PVMC. The informal
interview was carried out at her office and lasted for 2 hours. The Return trip was on 17th
October, on the following day.
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Interview question
1. How has the Photovoltaic System Monitoring Centre helped to improve the viability
of photovoltaic systems in Malaysia?
2. Who is funding the Photovoltaic System Monitoring Centre?
3. How does the Photovoltaic System Monitoring Centre work? Please explain in detail?
4. What are the barriers to the Photovoltaic System Monitoring Centre in improving
viability of Solar Photovoltaic system in Malaysia? How PVSMC deal with problems
which are beyond skills?
5. In your opinion, what should be done to improve the performance of Photovoltaic
System Monitoring Centre?
6. Do you have any other comments?

Figure 2-1: Photovoltaic Monitoring Centre (PVMC)

ii)

PV Service Provider-Wazlina Sdn. Bhd. (Ltd.)

The second site visit was an informal interview with a PV service provider, Wazlina Sdn.
Bhd. (Ltd). This interview was held on 23rd October 2011 with the Admin and business
development executive, Mr. Ashadi in his office. The trip to Wazlina Sdn. Bhd. which is
located in the centre Kuala Lumpur took about five hours travel by car from Kuantan, Pahang.
The interview lasted for 2 hours. The return trip was on 24th October, on the following day.
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Interview questions
1. How has Wazlina helped to improve the viability of photovoltaic systems in
Malaysia?
2. Is there any financing mechanism for PV service provider like Wazlina?
3. What are the barriers and critical issues contributing to the slow development of the
PV industry developments in Malaysia?
4. In your opinion and experience, what could be done to improve the Photovoltaic (PV)
solar modules industry developments in Malaysia?
5. Do you have any other comments?

iii)

Ministry of Energy, Green Technology and Water (KeTTHA)-MBIPV Projects

The third site visit was the Ministry of Energy, Green, Technology and Water (KeTTHA)MBIPV division, located in Bangi, Selangor, Malaysia. The trip to KeTTHA-MBIPV division
was undertaken on 14th November 2011, about six hours from Kuantan, Pahang travel by car.
The return trip was on the next day, 15th November 2011. The person interviewed was Mr.
Muhamad, representative from KeTTHA energy division. Due to the KeTTHA representative
having a tight schedule, the interview lasted only half an hour. However, he gave some
additional information via e-mail. The remaining data was collected through the official
website of KETTHA as suggested.

Interview questions
1. What is the current status of MBIPV in Malaysia in terms of :
2. BIPV Information Services, Awareness and Capacity Building Programs?
3. BIPV Policies and Financing Mechanisms Programs?
4. BIPV Industry Development and R&D Enhancement Programs?
5. BIPV Monitoring and Evaluation?
6. BIPV Financial Modality and Cost Effectiveness?
7. BIPV Stakeholder Involvement?
8. What is the current number of MBIPV photovoltaic (PV) grid-connected and standalone systems installed throughout Malaysia?
9. What were the barriers to the viability of introduction of large scale Solar Photovoltaic
system? How MBIPV deal with problems which are beyond skills?
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10. In your opinion and your experience, what should be done to improve the viability of
PV systems in Malaysia?
11. Do you have any other comments?

2.2.2.2 Methodology to Study the Viability of PV Systems in Malaysia
In analysing the viability of grid connected and stand-alone hybrid PV systems in Malaysia,
two situations were chosen; primary school building for the analysis of grid connected PV
system and residential buildings (small village) for the analysis of stand-alone hybrid PV
system. Primary schools were chosen is to represent government buildings in Malaysia, where
the administration is managed by the government. In addition, primary schools in Malaysia
use relatively low amounts of electricity compared to other government buildings, and are
thus suitable for analysing the viability of solar PV in Malaysia. Meanwhile, the study on the
small village (off grid) was chosen, as in Malaysia there are rural areas still have no access to
electricity, especially in east Malaysia (Sabah and Sarawak).

The load data of the primary school needed to be collected during the country visit. The load
data for the off grid village was derived from literature reviews with reasonable assumptions
made.
For the primary school’s data collection, as Malaysia has a standard design of primary schools
all over the states, therefore, Sekolah Kebangsaan Matang Gerdu, Kerian (SK Matang)
(Figure2-2), primary school was chosen as an example. The site visit for this case study was
undertaken on 21th November 2011. The trip to SK Matang located in Perak, which is about
300 km from Kuala Lumpur and 550 km from Kuantan, took about 7 hours travel by car from
Kuantan.

The person interviewed was Mr. Ezrin, the officer in charge (electrical technician). The
informal interview with Mr. Ezrin was held in his office on 22nd November 2011, and several
teachers from SK Matang were also involved, giving their ideas and experiences. The
information was recorded using a voice recorder. The discussion focused on how the school
might be able to reduce energy costs by using energy more efficiently, and how opportunities
to use renewable energy (PV system) to reduce dependence on grid electricity.
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Figure 2-2: Sekolah Kebangsaan Matang Gerdu, Kerian

The collection of load data throughout the school building was conducted on the next day (on
23rd November 2011), and it took two days to be completed. The information gathered from
this site visit was recorded on a note pad. The return trip was on 25th November 2011.

Procedures and the results of the HOMER analysis of economic and environmental are
described in more detail in Chapter Seven and Chapter Eight.

2.3

Data and Information Collection Difficulties

Overall, to reach the field research sites was not difficult, as the locations chosen were
concentrated in the Peninsular Malaysia which has good infrastructure (roads). Difficulties
encountered during the process of collecting data and information was just related to human
behaviour, regardless during desktop research or field research, as summarized in the
following:


Lack of data record: The relevant departments did not have a readily available
database, for instance, the National meteorological station did not have complete data
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on monthly solar radiation for each state in Malaysia. They only record the solar
radiation data in selected states (different states) for each month.


Lack of cooperation from Malaysia’s PV keys player: It was difficult to get good
cooperation, for instance out of six emails sent to make an appointment for field work,
only one replied. The meetings were successfully arranged only after several phone
calls were made.

2.4

Chapter Summary

Various steps were adopted in studying the research problem along with the logic behind
them. It not only involved a particular research techniques, but also methods or techniques
which were relevant. The collection data and information for this study was achieved by
undertaking qualitative and quantitative evaluation of renewable energy particularly on solar
PV prospective, potentials and utilisation in Malaysia.
The first hand information about the views of Malaysia’s renewable energy-solar PV key
players obtained by way of informal interviews either face-to-face or by correspondence.
Together with the results of HOMER analysis was likely to capture the real situation of
viability of solar PV in Malaysia. Furthermore, the triangulation of conflict evidence and
information (Maxwell, 2005) was used to remove conflicting evidence from the perspective of
Malaysia’s energy policy makers, renewable energy companies, and other energy industry
stakeholders and produce the conclusion which may contribute to the improvement of
renewable energy, particularly solar PV in Malaysia.
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Chapter Three
3.

Country Background

3.1

Introduction

This chapter describes the general overview of the Malaysian country background in which
the field study was carried out. First, it describes the geographic profile and Government
system. Subsequently, it discusses the climate of Malaysia which defines the potential of this
study. Finally, the chapter describes the demographic profile and other characteristics.

3.2

Geographic Profile and the Malaysian Government

Malaysia is a country in Southern Asia lying between 1° and 7° North latitude, and 100° and
120° East longitude. Malaysia is crescent-shaped and comprises Peninsular Malaysia (West
Malaysia), Sabah and Sarawak (East Malaysia) separated by the South China Sea. Malaysia
has a total land area of 329,847 square kilometres of which almost 60% is made up of east
Malaysia with the balance 40% made up by the Peninsular Malaysia. The Peninsula Malaysia
borders Thailand to the north, meanwhile East Malaysia borders Indonesia to the south, and
Brunei and the South China Sea to the north-west. Figure 3-1 shows the map of Malaysia
showing neighbouring countries (Maps of World, 2011).

Figure 3-1: Geographical location of Malaysia in relation to its Asian neighbours
Source: Maps of World (2011)
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Malaysia practises a government system of Parliamentary Democracy with a constitutional
monarch, His Majesty the “Yang di-Pertuan Agong”, as the Supreme Head of the country.
Malaysia is a middle-income country, and has transformed itself since the 1970s from a
producer of raw materials into an emerging multi-sector economy and is aspiring to achieve
high-income status by 2020 (Malaysian Institute of Economic Research, 2010; and Malaysian
Government, 2012).

3.3

Climate

Malaysia has a tropical climate; there are two types of monsoon which occur twice in a year,
namely southwest monsoon and northeast monsoon. The northeast monsoon occurs when the
wind blows from central Asia to South China Sea through Malaysia and move on to Australia
between November and March. The Southwest monsoon on the other hand, occurs when the
wind blows from Australia across the Sumatra Island and move to the Strait of Malacca
between May and September. Winter-monsoon occurs during April and October and between
September and December (MMD, 2012). West Malaysia experiences heavy rainfall with the
measurement of 2500 mm per year; whereas in East Malaysia it is approximately 5080 mm
per year with the load usually focus on October until February (Mekhilef et al., 2012).

The climate of Malaysia has quite high temperatures, high humidity and profuse rainfall. The
humidity ranges from 80% to 90% except for highlands, and the temperature varies between
22 ◦C and 33 ◦C (72–91 ◦F) with the average daily temperature of around 26.5 ◦C (Mekhilef
et al., 2012). Winds are generally light. Situated in the equatorial doldrums area, it is
extremely rare to have a full day with completely clear sky even during periods of severe
drought. On the other hand, it is also rare to have a stretch of a few days with no sunshine at
all except during the northeast monsoon seasons (Malaysian Meteorological Department,
2012).
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Figure 3-2: Average Min and Max Temperature for Malaysia In 2011
Source: Derived From the Malaysian Meteorological Department (2012)
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Figure 3-3: Average Monthly Rainfall for Malaysia In 2011
Source: Derived From the Malaysian Meteorological Department (2012)
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Figure 3-2 and 3-3 show the average min and max temperature and average monthly rainfall
for Malaysia in 2011 respectively. The data were derived from the Malaysian Meteorological
Department, official website (Malaysian Meteorological Department, 2012).

Being a maritime country close to the equator, Malaysia naturally has good solar radiation.
Malaysia receives a monthly solar radiation of approximately 400–600 MJ/m2 (111-167
kWh/m2). The values are higher during the Northeast monsoon period and lower during the
Southwest monsoon. The cloud cover cuts off a substantial amount of sunshine and thus solar
radiation (Mekhilef et al., 2012). Figure 3-4 shows the annual average of solar radiation
(MJ/m2/day) in Malaysia

On average, Malaysia receives about 6 hours of sunshine per day. There are, however,
seasonal and spatial variations in the amount of sunshine received. Alor Setar and Kota Bharu
receive about 7 hours per day of sunshine while Kuching receives only 5 hours on the
average. On the other hand, Kuching receives only an average of 3.7 hours per day in the
month of January (MMD, 2012). On the other end of the scale, Alor Setar receives a
maximum of 8.7 hours per day on the average in the same month (Malaysian Meteorological
Department, 2012).

Figure 3-4: Annual Average Solar Radiation (MJ/m2/day).
Source: (Mekhilef et al., 2012)
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Demographic Profile and Health

The demographics of Malaysia are represented by the various ethnic groups that exist in this
country. Malaysia’s population, as of December 2010 was 28.3 million, age structure: 0-14
years: 29.6%, 15-64 years: 65.4% and 65 years over: 5 %. The country is unevenly populated,
with around 20 million inhabitants being concentrated in the lowlands of Peninsular Malaysia.
These figures make Malaysia the 44th most populated country in the world (Department of
Statistic Malaysia, 2011).

Overall, Malaysia's health status has improved over the past two decades. Generally, the
health care systems in Malaysia can be divided into public and private sector which has an
efficient and widespread system (Ministry of Health Malaysia, 2012).

3.5

Education

Malaysia has established a strong infrastructure to support the learning process at different
stages of life. In Malaysia, it is compulsory for parents, or guardians, to send their children to
school (Malaysian Government, 2012). The recent literacy rate in Malaysia is 91.5 percent
(men: 94 percent, women 89 percent), but there are much lower rates among remote
communities and ethnic populations with fewer resources (Books for Asia, 2012).

The level of education in Malaysia can be divided into four levels (Ministry of Education
Malaysia, 2012):
i)

Pre-school- from aged of 4 to 6.

ii)

Primary school- from aged of 7 to 12.

iii)

Secondary school- from aged of 13 to 17 (form 1 to 5).

iv)

Higher education- universities and colleges.

Other than that, private education has also become a thriving industry in Malaysia and offers
students and scholars’ viable alternatives to public schooling (studyMalaysia cited in
Malaysian Government, 2012).
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Chapter Four
4.

An Overview of the Current Situation of Energy Resources in

Malaysia
4.1

Introduction

This chapter provides an overview of the current energy situation in Malaysia. The overview
discusses the country’s indigenous energy resources both renewable and non-renewable,
including production and consumption, as well as their contribution to the generation mix of
electricity.

4.2 Malaysia’s Indigenous Energy Resources
Malaysia is gifted with several forms of energy resources including; oil, natural gas, coal and
various REs. Before the 1980s the Malaysian energy sector was highly dependent on a single
source of energy that is crude oil, and until 2010, crude oil and natural gas still dominated the
energy supply and demand as shown in Figure 4-1(a) and Figure 4-1(b) (Economic Planning
Unit, 2012b).

Coal and coke
Hydro
11%
3%

Natural gas
42%

Crude oil and
petroleum
products
45%

Figure 4-1(a): Primary Commercial Energy Supply by Source In 2010
Source: Derived from the Ninth Malaysia Plan, Economic Planning Unit (2012b)
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Figure 4-1(b): Final Commercial Energy Demand by Source In 2010
Source: Derived from the Ninth Malaysia Plan, Economic Planning Unit (2012b)

In line with the growth of the economy, the country’s total commercial energy supply
increased by 56% for the period 2000 to 2010 (Figure 4-2(a)). However, the share of main
source of supply; crude oil and petroleum products as well as natural gas declined.
Meanwhile, the share of coal and coke has increased significantly due to the GoM strategy to
increase use of coal for power generation (Economic Planning Unit, 2012b).
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Figure 4-2(a): Primary Commercial Energy Supply by Source, 2000-2010
Source: Derived from the Ninth Malaysia Plan, Economic Planning Unit (2012b)
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The country’s commercial energy demand on the other hand, has increased by 78% over the
last decade (Figure 4-2(b)). It can be seen that the share of natural gas and electricity to the
total demand has increased. Petroleum products on the other hand, continued to decline in line
with the national Fuel Diversification Policy which aims to reduce dependence on oil
domestic energy resources (Economic Planning Unit, 2012b).
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Figure 4-2(b): Primary Commercial Energy Demand by Source, 2000-2010
Source: Derived from the Ninth Malaysia Plan, Economic Planning Unit (201b)

In terms of energy consumption by sector (Figure 4-3), the transport sector has been the
largest energy consumer, accounting for 41.1% of the country’s final commercial energy
demand in 2010, followed by the industrial sector at 38.6% and the residential and
commercial sector at 12.8% (Economic Planning Unit, 2012b). Furthermore, during two
Malaysian Plans (8MP and 9MP), which covered the decade (2000-2010), the transport sector
remained the major consumer of energy, accounting almost one-third of the total final energy
demand in 2000, 2005 and 2010 as can be seen in Table 4-1. This is due to the increase in
private and commercial vehicles as well as the expansion in the national road network which
contributed in high energy consumption (Economic Planning Unit, 2012b).
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Figure 4-3: Final Commercial Energy Demand by Sector In 2010
Source: Derived from the Ninth Malaysia Plan, Economic Planning Unit (2012b)

Table 4-1: Final Commercial Energy Demand by Sector, 2000-2010
Source

Petajoules

Average Annual
Growth Rate

2000

2005

2010

8MP

9MP

Industrial

477.6

630.7

859.9

5.7

6.4

Transport

505.5

661.3

911.7

5.6

6.6

Residential and Commercial

162.0

213.0

284.9

5.6

6.0

Non-Energy

94.2

118.7

144.7

4.7

4.0

Agriculture and Forestry

4.4

8.0

16.7

12.9

15.9

Total

1,243.7

1,631.7

2,217.9

5.6

6.3

* Non-energy= Manufacturing industries

Source: The Ninth Malaysia Plan, Economic Planning Unit (2012b)

4.2.1 Natural gas
By 2012 natural gas had become the main energy source for electricity generation in Malaysia
and its production has been rising since the 1980s. Most of the natural gas production comes
from East Malaysia, especially offshore Sarawak (Economic Planning Unit, 2012c). The
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volume of proved natural gas reserves increased from 1.6 trillion cubic meters in 1990 to 2.4
trillion cubic meters in 2010 as can be seen in Figure 4-4(a) (BP Statistics, 2011).
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Figure 4-4(a): Malaysia’s Natural Gas Production, 1970-2010
Source: Derived from the BP Statistical Review of World Energy June 2011,
(BP Statistics, 2011)

Malaysia’s natural gas consumption also has been rising since the 1970s as shown in Figure
4-4(b) (BP Statistics, 2011). The use of natural gas continues to rise in Malaysia due to higher
demand in the electricity and the industry sectors which has also led to an increase in natural
gas exploration (Haidar et al., 2011).
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Figure 4-4(b): Malaysia’s Natural Gas Consumption, 1971-2010
Source: Derived from the BP Statistical Review of World Energy June 2011,
(BP Statistics, 2011)

Many studies claim that the natural gas reserves in Malaysia will last less than 40 years. For
instance, according to one study by Malaysian academician (Haidar et al., 2011; and Oh et al.,
2010) the natural gas reserves in Malaysia are estimated to last for another 33 to 36 years.
Furthermore, according to research by The Association for the Study of Peak Oil and Gas
(ASPO), Malaysia is not expected to be net natural gas importer until 38 years time
(Association for the Study of Peak Oil and Gas, 2009).

4.2.2 Crude oil
The contribution of oil in Malaysia’s energy mix was once as high as 90% (in 1980) but after
the international oil crisis in 1973 and 1979; its share has declined significantly by as early as
1981. This scenario also prompted the GoM to implement a fuel diversification strategy
prevent over-dependency on oil (Economic Planning Unit, 2012c). As of 2010, Malaysia has
proven oil reserves of 5.8 billion barrels of which more than 60% are located in east Malaysia
(Sabah and Sarawak) (BP Statistics, 2011; and Economic Planning Unit, 2012c).

As the world has been recently facing the beginning of depletion of fossil fuels with the
world’s oil production being nearly flat for the last five years (BP Statistics, 2012a), Malaysia
is also experiencing this phenomenon. The production of crude oil has been flat since 1996
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and decreasing a little since 2008 as shown in Figure 4-5(a) indicating that the country could
be at peak oil. The country’s oil consumption, however, has been increasing from 57 Tbd in
1970 to 556 Tbd in 2010 as shown in Figure 4-5(b) (BP Statistics, 2011; and Economic
Planning Unit, 2012c).
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Figure 4-5(a): Malaysia’s Oil Production, 1970-2010
Source: Derived from the BP Statistical Review of World Energy June 2011,
(BP Statistics, 2011)

In addition, according to several studies (ASPO, 2009; Haidar et al., 2011; and Ong et al.,
2011), based on production rate of about 650,000 barrels per day, and the ratio between
reserve and production, the proven oil reserves are expected, to be exhausted over next 14 to
21 years.
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Figure 4-5(b): Malaysia’s Oil Consumption, 1970-2010
Source: Derived from the BP Statistical Review of World Energy June 2011,
(BP Statistics, 2011)

4.2.3 Coal
During the period 1995-2000, total coal reserves in Malaysia increased from 974 million
tonnes in 1995 to 1,050 million tonnes in 2000. However, coal production has been
decreasingly slowly, due to the fact that most of the new deposits are hard to get coal located
in the interior areas (Sarawak and Sabah), which lack transportation infrastructure, and
therefore are currently uneconomic to be fully exploited (Economic Planning Unit, 2012c).

Nevertheless, the use of coal as an energy source in electricity generation is one of the GoM
plans for security and reliability of energy supply (Economic Planning Unit, 2012c).
According to the BP Statistical Energy Survey in 2011 (BP Statistics, 2011), Malaysia had
consumed of 3.4 million tonnes oil equivalent of coal, accounting 0.1% of the world total in
2010. In addition, in 2011, coal was the second largest contributor (41.9%) to the country’s
generation mix of electricity (Economic Planning Unit, 2012a). Moreover, currently,
Malaysia is actively promoting coal as a fuel of choice for power generation in order to free
up more of the natural gas for export. There are four coal fired plants owned by Malaysia’s
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state-owned power company and Tenaga Nasional Berhad (TNB) (Economic Planning Unit,
2012c; and Ong et al., 2011).

4.3

Malaysia’s Electricity Generation

The Malaysian electricity supply industry is operated by three vertically integrated utilities;
the generation, transmission and distribution of electricity for the whole of peninsular
Malaysia, is responsible by the Tenaga Nasional Berhad (TNB), meanwhile for Sabah and
Sarawak, the companies are the Sabah Electricity Sdn. Bhd. (SESB) and Sarawak Electricity
Supply Corporation (SESCO) (Economic Planning Unit, 2012c).
As of 2011, the country’s total electricity generation was 118.2 TWh, of which more than 90% was
derived from fossil fuels, and less than 10% was generated from renewable energy (Figure 4-6)
(Economic Planning Unit, 2012a).

Others
0.2%

Coal
41.9%

Gas
51.1%

Hydro
5.7%

Oil
1.1%

Figure 4-6: Malaysian Generation Mix of Electricity for 2011
Source: Derive from the Tenth Malaysia Plan-Economic Planning Unit (2012a).

In addition, in line with the growth of the economy within a 15-year period, the country’s
electricity generation capacity has increased by more than 100% (EPU, 2012a). As can be
seen in Table 4-2 below, natural gas has been the largest contributor to the country’s power
generation, accounting more than half in the generation mix.
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Table 4-2: Generation Mix of Electricity, 1995-2011
(GWh)

Mix in
Generation

% of Total

(GWh)

1995

% of Total

(GWh)

2003

% of Total
2011

Oil/diesel

4599

11

3415

4.1

1300

1.1

Natural gas

27806

66.5

60393

72.5

60855

51.1

Hydro

4725

11.3

5165

6.2

6735

5.7

Coal

4056

9.7

13745

16.5

49511

41.9

Others

0

0

0

0.7

236

0.2

Source: Derived From the Tenth Malaysia Plan, Economic Planning Unit (2012a)
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Figure 4-7: Generation Mix of Electricity, 1995 – 2011
Source: Derived From the Tenth Malaysia Plan, Economic Planning Unit (2012a)

In addition the proportion of gas and oil in power generation decreased, as shown in Figure 47. Meanwhile the use of coal has increased significantly from less than 10% in 1995 to more
than 40% in 2011. This change has been due to several efforts undertaken by GoM in line
with the strategy to reduce the high dependence on gas and oil, by initiatives such as the
establishment of two new coal-based plants by TNB and expanded coal-based by SESCO
(Economic Planning Unit, 2012a).

Furthermore, the electricity transmission system was further expanded with the completion of
new transmission project to link new generation plants to the main grids, and the distribution
network was also expanded in order to provide greater access and enhance the quality of
electricity supply to consumers (Economic Planning Unit, 2012b).
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Malaysia’s Other Energy Resources: Renewable Energy (RE)

Malaysia’s potential for RE generation is substantial, as it is located in the equatorial region
and receives good levels of sunshine throughout the year, making it ideal place for
applications of solar technologies. Hydropower is already playing a significant part of the
country’s energy mix, and its extensive tropical forests can supply large quantities of biomass.
Being in the doldrums wind energy is not prolific in Malaysia. Efforts to utilise RE resources
in generating electricity have started since the 8MP (2001-2005) (Economic Planning Unit,
2012c).

And yet, the energy situation indicates that until recently, Malaysia depends mostly on nonrenewable energy. However, the GoM is still working towards REs as a significant
contributor to the country's total electricity supply in the near future (Ministry of Energy,
Green Technology and Water, 2010b). Detailed overview of RE sources which can be utilised
in Malaysia is described as follows.

4.4.1 Biomass and Biogas
Biomass and biogas resources in Malaysia are mainly from palm oil, wood and agricultural
industries (SEDA Malaysia, 2012a):


Oil palm such as Fibre, shell, trunks and fronds



Wood such as forest and sawmill



Rice such as rice husk and straws



Sugarcane such as bagasse and molasses



Municipal such as municipal solid waste and landfill gas

People in historic times used firewood as an energy source, especially for cooking, lighting
and heating (Ab kadir et al., 2010). However, for electricity production, biomass was
officially announced as contributor to the national’s electricity mix in 2010, when it
contributed to about 1.8% of total electricity generation in Malaysia (BioGen, 2003 cited in
Oh et al., 2010; and Economic Planning Unit, 2012b).

Biomass can be considered as a sustainable substitute for fossil fuels in Malaysia where about
76% of the country is covered by dense tropical forests and agricultural fields (SEDA, 2012a).
Presently, the potential of biomass and biogas in Malaysia is about 1,700 MW. Although its
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utilized is less than 30%, as a result of various initiatives and actions taken by GoM to utilize
the use of biomass in generating electricity such as SREP and Biogen (Ministry of Energy,
Green Technology and Water, 2009b), its shares in country's electricity generation is
increasing every year, which was about 13% (224 MW) in 2010 and 14% (240 MW) in
2011(Mekhilef et al., 2012).

4.4.2 Hydropower
Since the 1800s, hydropower has played an important role in producing power and electricity
on in Malaysia, and total hydropower resource is estimated at 29,000 MW, with a potential
energy of 123,000 GWh per annum. Most of the resource is located in Peninsular Malaysia,
about 90% and 10% are located in Sabah and Sarawak However, until recently, only about
6% of the total potential energy has been utilized. For example, in 2011, about 6700 GWh of
electricity was generated from hydropower (Economic Planning Unit, 2012c). The small
utilisation of hydro electric power is due to the uneven geographic distribution of hydropower
potential, where about 70% of the resources are located in Sarawak which does not have high
load demand. Furthermore, the large scale hydroelectric power development requires high
capital investment due to the hydropower potential supply is located far away from the major
load centres, which is also involves issues of socio-economic and environment (Economic
Planning Unit, 2012c).

4.4.3 Solar Photovoltaics (PV)
The use of solar PV for electricity supply in Malaysia started during the early 1980s, when
stand alone solar PV systems were used for electricity supply in rural communities and
remote areas were introduced (MBIPV, 2009). In addition, Malaysia, is working towards to
make solar PV systems become another favoured energy source to replace fossil fuelled based
energy (Ong et al., 2011).

Solar PV in Malaysia has been identified as one of the most promising REs in Malaysia when
it was included in the SREP in 2000 (Ministry of Energy, Green Technology and Water,
2009b). In order to further exploit the abundant solar radiation, the Malaysia Energy Centre
has carried out a project named “Malaysia Building Integrated Photovoltaics” (MBIPV).
MBIPV, where the BIPV system provides the architect to incorporate solar technology into
buildings launched the programme “Suria 1000” (MBIPV, 2011b). This project was jointly
funded by the Government of Malaysia, the Global Environment Facility (GEF), and various
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contributors from the private sector. The project was intended to induce the growth of
Building Integrated Photovoltaics (BIPV) and to encourage the long term cost reduction of
non emitting GHG technologies.

4.5

Chapter Summary

From this chapter, we can see that although Malaysia is blessed with several form of
indigenous energy source; oil, natural gas and coal, the GoM also is committed to utilise the
country’s renewable energy opportunities.

Detailed description of the action plans for the developments of REs in Malaysia and their
contribution in country’s energy supply until currently, are discussed further in Chapter Five:
Section 5.4 and Section 5.5: and Chapter Six: Section 6.4: Overview of Solar PV Systems in
Malaysia.
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Chapter Five
An Overview of Malaysia’s Energy Department and Action Plans for

5.

Developments
5.1

Introduction

This chapter gives a detailed insight into the country’s Department of Energy and the
initiatives and action plans that have been implemented and are being implemented by the
GoM to promote and utilise REs in Malaysia. First, it presents the structure and functions of
Government ministries and agencies involved. Then, it discusses the Malaysian Energy
Policy, including action plans and initiatives provided by the GoM to achieve the sustainable
development of energy resources. After that, it discovers the targets set for the country’s
future developments of RE. Finally, the chapter discusses the national’s rural electrification
programme and the issues of climate change which are directly affected by the country's
energy consumption.

5.2

Structure of the Department of Energy

Several Government Ministries and agencies are involved in the development of energy
policies and energy efficiency in Malaysia including:


The Energy Unit of Economic Planning Unit (EPU) of the Prime Minister’s Office,



The Ministry of Energy, Green Technology and Water (MEGTW),



The Energy Commission (EC),



The Malaysian Green Technology Corporation (GreenTech Malaysia) and



The Sustainable Energy Development Authority of Malaysia (SEDA Malaysia).

All the above agencies perform their duties for the central government. The role of these
Ministries and agencies are described as follows:

5.2.1 Economic Planning Unit (EPU)
The Economic Planning Unit (EPU) is the principal government agency responsible for the
preparation of development plans for the nation. The EPU was established in 1961, involving
the Economic Secretariat of the Economic Committee and the Executive Council of the
Federation of Malaysia, to focus on development planning. The energy unit of EPU has been
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established to play an important role in the planning and formulation of a National Energy
Policy (NEP), and to achieve the following objectives:


To formulate policies and strategies for the sustainable development of the
energy sector.



To promote the development of oil and gas industries.



To ensure adequate, secure, quality and cost-effective supply of energy.



To promote increased utilization of renewable energy and energy efficiency in
the energy sector.



To provide allocation for energy-related development programmes and
evaluate their achievements.

The EPU functions as a secretariat to the National Planning Council (NPC), the National
Petroleum Advisory Council (NPAC), Foreign Investment Committee (FIC), National
Development Planning Committee (NDPC) and other inter-departmental economic
development planning committees. In addition to the above, the National Depletion Policy
was formulated to support of National Energy Policy with the aim of conserving energy
resources, particularly oil and gas.
Sources: (Economic Planning Unit, 2012d; and Mekhilef et al., 2012)

5.2.2 Ministry of Energy, Green Technology and Water (KeTTHA)
The “Kementerian Tenaga, Teknologi Hijau dan Air” or Ministry of Energy, Green
Technology and Water was founded in April 2009. Following a reshuffle of the Malaysian
Cabinet, it was formerly known as the Ministry of Energy, Water and Communications in
2004, and the Ministry of Energy, Communications & Multimedia in 1998. The Energy
Division of the KeTTHA was set up to formulate energy efficiency policy, in coordination
with the EPU. The principal functions of the Energy Division of the KeTTHA are to:


Formulate policies and strategies and undertake planning of the electricity
supply industry.

42



Promoting energy efficiency and renewable energy.



Review tariffs imposed by electricity utilities.



Monitor standards of service of electricity utilities.



Administer the Electricity Supply Industry Trust Account.



Monitor energy programmes and project implementation.
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Sources: (Ministry of Energy, Green Technology and Water, 2010b; and Mekhilef et al.,
2012)

5.2.3 Energy Commission (EC)
The “Suruhanjaya Tenaga” (ST) or Energy Commission (EC) was first established in 2001,
replacing the Department of Electricity and Gas Supply (DEGS). The main tasks of the EC
involve providing technical and performance regulations for the agency on environmental
matters and to achieve the following objectives:


Economic Regulation- to promote efficiency and economy in the generation,
transmission, distribution, supply and use of electricity and gas; to promote and
safeguard competition; to enable fair and efficient market conduct or, in the
absence of a competitive market, and to prevent the misuse of monopoly or
market power in the electricity and piped gas industries.



Technical Regulation - to ensure security, reliability and quality in electricity
and piped gas supplies.



Safety Regulation - to protect the public from dangers arising from the
generation, transmission, distribution and supply and use of electricity and piped
gas.



Consumer Protection - to protect consumers in areas such as dispute resolution,
affordability of services as well as quality supply and services from electricity
and piped gas utilities.

Sources: (Energy Commission, 2011; and Mekhilef et al., 2012)

5.2.4 Malaysian Green Technology Corporation (GreenTech Malaysia)
The Malaysian Green Technology Corporation (GreenTech Malaysia) was registered on 12th
May 1998 as a not-for-profit company. In the early stages of formation, GreenTech Malaysia
has been governed by the Ministry of Energy, Green Technology and Water (KeTTHA). The
function of GreenTech Malaysia is to achieve the following mission:


To facilitate the realization of the National Green Technology agenda through
value adding promotion, co-ordination and collaboration programmes.



To fulfil the need for the National energy research centre that will co-ordinate
various activities, particularly energy planning and research, energy efficiency
and technological research and development and demonstration (D&D).
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To become a one-stop focal point for linkages with the universities, research
institutions, industries and other various national and international organizations
on energy matters.

Sources: (GreenTech Malaysia, 2010)

5.2.5 Sustainable Energy Development Authority of Malaysia (SEDA Malaysia)
The Sustainable Energy Development Authority of Malaysia (SEDA Malaysia) is a statutory
body formed under the Sustainable Energy Development Authority Act 2011 [Act 726].
SEDA Malaysia was enforced on 1st September 2011 and it has all the functions conferred on
it under the Renewable Energy Act of 2011 which comprises 6 Parts and 49 Clauses. The key
role of SEDA is to administer and manage the implementation of the feed-in tariff mechanism
which was mandated under the Renewable Energy Act 2011 [Act 725]. Functions of SEDA
Malaysia include:


To advise the Minister & Government Entities on all matters relating to
sustainable energy.



To promote & implement national policy objectives for RE.



To promote, facilitate & develop sustainable energy.



To implement, manage, monitor & review the Feed-In Tariff system.



To implement sustainable energy laws including the Renewable Energy Act &
recommend reforms.



To promote private sector investment in sustainable energy sector



Measures to improve public awareness.



To act as focal point on matters relating to sustainable energy &climate change
matters relating to energy.

Sources: (SEDA Malaysia, 2012a)

5.3 Malaysian Energy Policies
Malaysia’s framework in energy development started when petroleum was found in the early
1970s, and when “Petroliam Nasional Berhad” (Petronas), wholly-owned by the GoM was
incorporated under the Companies Act 1965 in 1974 (Economic Planning Unit, 2012c).
However, the complete National Energy Policy (NEP) was not formulated until 1979. The
first establishment of the NEP was particularly formulated for the oil sector, to guide the
petroleum industry in line with national development objectives.
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The formulated policy then continued to guide the development of country’s energy sector.
During the 4MP (1981-1985), the Fourth-fuel Diversification Strategy, namely oil, hydro,
gas, and coal was established (Economic Planning Unit, 2012c). This strategy was to ensure
reliability and security of supply, and to reduce the dependency on oil in national energy
consumption. The objective of this strategy was primary to utilize non-oil domestic energy
resources, particularly gas and hydropower.

After that, the NEP was further intensified. The main purpose of this policy broadening was
to ensure the availability of energy supply at reasonable prices to support national economic
development. Under this policy, the KeTTHA has identified three main objectives of energy
that will play an important role in guiding the development of energy sector (Ministry of
Energy, Green Technology and Water, 2010b):
i) Supply: to ensure the provision of adequate, secure and cost-effective energy
supplies through developing indigenous energy resources both non-renewable
and RE resources using the latest cost options and diversification of supply
sources both from within and outside the country.
ii) Utilisation: to promote the efficient utilisation of energy and discourage wasteful
and non-productive patterns of energy consumption.
iii) Environmental: to minimize the negative impacts of energy production,
transportation, conversion, utilisation and consumption on the environment.

5.4

Action Plans and Initiatives for Renewable Energy (RE)

As highlighted in Chapter One, the GoM has implemented various action plans and initiatives
in order to exploit the RE sources in the country. Malaysia to date, has adopted the Fifth-Fuel
Diversification Strategy energy mix which was implemented during 8MP (2001–2005). This
strategy was incorporated into the NEP is to replace the Fourth-fuel Diversification Strategy.
The five-fuel strategy added RE sources such as biomass, biogas, municipal waste, solar and
mini hydro, into the Malaysia energy mix. The Fifth-Fuel Diversification Strategy which
includes: natural gas, coal, oil, hydro and RE, is to achieve a more balanced consumption
(Economic Planning Unit, 2012c).

Table 5-1 summarizes the chronological development of the country's energy policies from
the 7MP until 10MP (1996-2015) (Economic Planning Unit, 2012a).
45

The Viability Of Solar PV In Malaysia

Chapter Five

Table 5-1: Malaysian Key Emphasis for Energy Development (7MP-10MP)
Malaysia plan
Seventh Malaysia Plan
(1996–2000)

Eighth Malaysia Plan
(2001–2005)

Ninth Malaysia Plan
(2006–2010)

Tenth Malaysia Plan
(2011–2015)

Key emphasis
 Emphasis on sustainable development and of depletable resources and the
diversification of energy resources.
 Ensuring adequacy of generating efficiency as well as expanding and upgrading
the transmission and distribution infrastructures.
 Encouraged the use of new and alternative energy sources as well as proficient
deployment of energy.
 Emphasis on the sustainable development of energy resources, both nonrenewable and renewable. The energy mix includes five fuels: oil, gas, coal,
hydro, and RE.
 Intensive efforts on ensuring sufficiency, quality and security of energy supply.
 Greater emphasis on energy efficiency (EE): encourage efficient utilisation of
gas and RE as well as provide adequate electricity generating capacity.
 Supports the development of industries in production of energy-related products
and services.
 Highlights in promoting RE and EE: incentives for EE, incentives for the use of
RE resources, and incentives to maintain quality of power supply.
 Emphasis on strengthening initiatives for EE particularly in transportation,
commercial and industrial sectors, and in government buildings.
 Encourage better use of RE by diversifying fuel sources.
 Intensify efforts to further reduce the dependency on petroleum provides for
more to integrate alternative fuels.
 Incentives in promoting RE and EE are further enhanced.
Short term goals vested in National Green Technology Policy:
 Increased public awareness and commitment for the adoption and application of
green technology through advocacy programmes.
 Widespread availability and recognition of green technology in terms of
products, appliances, equipment, and systems in the local market through
standards, rating and labeling programmes.
 Increased foreign and domestic direct investment in green technology
manufacturing and services sector.
 Expansion of local research institutes and institutions of higher learning to
expand research, development and innovation activities on green technology
towards commercialization through appropriate mechanisms.
 Launching new RE act and FiT mechanism

Source: Derived From the Malaysian Plan-Economic Planning Unit (EPU, 2012a)

During the above mentioned Malaysian Development Plans (the 7MP until the 10MP), this
study found that the GoM has introduced several energy policies in order to promote the
utilisation of RE (Economic Planning Unit, 2012a).
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Energy policies:



Fifth Fuel Policy 2000 which has been announced during 8MP (2001-2005). RE was
announced as the fifth fuel in the National energy supply mix, and since then greater
efforts are being taken to encourage the utilisation of RE resources such as biomass,
biogas, solar and mini-hydro (Ministry of Energy, Green Technology and Water,
2010a).



National Bio-fuel Policy 2006 which to support the Fifth Fuel Policy and to reduce the
country’s dependency on depleting fossil fuels, and promoting the demand for palm
oil as a source of RE (Ministry of Plantation Industries and Commodities of Malaysia ,
2012).



National Green Technology Policy 2009 is to promote Green Technology (GT) as a
driver to accelerate the country’s economy and to promote sustainable development
(GreenTech Malaysia, 2010).



National Renewable Energy Policy 2010 which has been launched by the GoM, after
analyzing the causes of the failure of the RE market. The vision of this policy is to
enhance the utilisation of local RE resources to contribute towards national electricity
supply security and sustainable socio-economic development (SEDA, 2012a).

ii)

Development Programmes for RE

Other than the above, the GoM has also initiated many development programmes which are
not only to encourage the utilization of RE sources, but also aim to reduce the growth rate of
greenhouse gases (GHG) emissions from fossil fuels for RE developments. Small Renewable
Energy Power (SREP) was one of the earliest projects, established on the 11th May 2001. The
main functions of this programme have been to develop the utilisation of RE (fifth fuel)
under the Fuel Diversification Policy into the country’s energy mix, and to encourage private
sectors to invest into small power generation projects using RE such as, biomass, biogas, mini
hydro, solar and wind energy (Ministry of Energy, Green Technology and Water, 2009b).
Biomass Power Generation (BioGen) was introduced in October 2002 mainly to promote and
demonstrate biomass and biogas grid-connected power generation projects by utilising excess
oil palm biomass residues (UNDP, 2007). The Malaysian Building Integrated Technology
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Application (MBIPV) on the other hand, specially focused on the market development for
BIPV technology in Malaysia. MBIPV was a 5-year project, launched on 25th July 2005 and
end in 31st December 2010 (MBIPV, 2011b).

Furthermore, to encourage Malaysian participate in programs that have been introduced, the
GoM was introduced Centre for Education and Training in Renewable Energy Efficiency
(CETREE) in 2000. The prime purpose of CETREE is to counter the low level of knowledge
and awareness regarding RE which becomes one of the barriers to the implementation of
large-scale RE in Malaysia (Ministry of Energy, Green Technology and Water, 2009b).

iii)

RE Incentives and Feed-in-Tariff (FiT)

As investment in RE requires high initial capital, the GoM has introduced several fund and
financing schemes. For instance, grant and funding opportunities for the biomass industry in
Malaysia, which is funded by the European Union (EU) under the SWITCH-Asia Programme
(Biomass-SP, 2011), and the Green Technology (GT) Financial Scheme where RM 1.5 billion
has been allocated for GT development (Ministry of Energy, Green Technology and Water,
2011).

Furthermore, the GoM has also introduced a Feed-in Tariff (FiT) to increase participation in
the development of RE. The Feed-in-Tariff (FiT) was introduced in 2001, under the SREP for
wind and solar energy, but this FiT failed to attract contributors as wind and solar energy
require higher FiTs (Chua et al., 2011). Subsequent to the failure, a new FiT was introduced
in June 2011 and SEDA Malaysia is given the responsible to ensure the success of the new
FiT (SEDA, 2012a).

5.5

Overview of RE Development in Malaysia

As highlighted above, Malaysia has made concentrated efforts towards RE development since
2001 (under 8MP) in line with rapid economic growth and to increase its shares in the mix
electricity generation, and to address the rising global concerns on climate change (Economic
Planning Unit, 2012c). However, even based on all these RE developments achieved, they
were still not be able to meet the target set by the GoM to achieve 5% RE (other than
hydropower), when only 1.8% contributed to the national's electricity generation mix at the
end 2010 (Economic Planning Unit, 2012b).
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The status of RE developments over the last two Malaysia Plans; the 8MP and 9MP (2001 to
2009), are as follows (SEDA Malaysia, 2012b):
i.

Small Renewable Energy Power Programme (SREP):


50 projects approved by SCORE with total generation capacity of 288 MW;



40% of projects have been cancelled;



24% of projects have been issued with licences;



36% of projects could not commence because licences have yet to be issued;



Only 53 MW of RE generation capacities have been connected to the electricity
grid (2001-2009).

ii.

In 2009, Biogen Projects have been commissioned with 500 kW power plants being
commissioned in the 1st half of 2010.

iii.

There is more than 400MW off-grid electricity capacity primarily produced by
private palm oil millers.

iv.

About 1 MW of cumulative grid-connected PV installations in more than 100
buildings throughout Malaysia (mostly in Klang Valley).

v.

5.5.1

As of December 2009, 53 MW RE power generations have been established.

Overview of NREPAP Targets for RE Development in Malaysia

After analysing the issues which caused the RE market failure detailed above, the GoM then
introduced the National Renewable Energy Policy and Action Plan (NREPAP) in 2010
(SEDA Malaysia, 2012b). The NREPAP was set up and approved by Malaysia’s Cabinet on
2nd April 2010, is the design and formulation of a new and forward-looking RE Policy, guided
by the relevant facts and lessons learnt from current efforts of renewable energy development
in Malaysia (SEDA Malaysia, 2012b).

Apart from trying to achieve the new target (see Table 5-2) for the development of RE after
the failure to achieve the target of 5% in the energy supply mix at the end 2010, the main
principles of NREPAP are to address the market failures and to stimulate national electricity
supply security for the purpose of:


sustainable socio-economic development



new economic growth area
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The NREPAP was prepared based on in-depth consultations and series of discussions with
various stakeholders including the Members of Parliament, the Government authorities and
agencies, the electricity supply industry, the power utilities, the RE industry, the professional
bodies, the NGOs, the consumers associations, the national and international experts, and
other relevant parties. The NREPAP was prepared as a guideline for all parties in enhancing
the utilisation of indigenous renewable energy resources, and also to contribute towards
National electricity supply security and sustainable socio-economic development (SEDA
Malaysia, 2012b).

Table 5-2: Targets for Renewable Energy Development, 2015-2030
Year

Cumulative RE Capacity

% of Total Peak

Cumulative Co2

Electricity Demand

Avoided

2015

975 MW

6%

10.8 mt

2020

2,065 MW

11%

41.8 mt

2025

2,809 MW

12.5%

88.07 mt

2030

4,484 MW

14%

143.4 mt

* mt = million tonne

Source: Derived From the NREPAP-SEDA Malaysia (SEDA Malaysia, 2012b)

According to the NREPAP, the GoM has set a new target to achieve a total electricity mix
from RE of 16.5 TWh/year by 2030, a value which would account for around 11% of total
electricity generated, as shown in Table 5-2. The targets for RE generation by source until
2050 can be seen in table 5-3. It can be noted that the GoM’s goal is to achieve the RE
deployment of 11.5GW or 36% of total peak electricity demand capacity, and 29.3 TWh/year
or 15% of total electricity generated by 2050 (SEDA Malaysia, 2012b).

In addition, the NREPAP stated that the GoM was optimistic that the targets set were realistic
and achievable based on the NREPAP’s RE Law. It is expected that biomass energy (which
mostly from agricultural and palm oil waste) will have a significant role in RE contribution
for only another 15 to 20 years, until it reaches the limitation of the plantations (SEDA
Malaysia, 2012b).
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Solar energy on the other hand, is anticipated to play a very important role in the long-term, as
it is the only source of energy with significant capacity to expand into the future available in
the country. The impact of electricity production from solar energy is expected to greatly
increase because solar technology is progressing fast with high levels of efficiency increase
thought to occur over the coming years (SEDA Malaysia, 2012b).

Table 5-3: Target for Renewable Energy Development by Source, 2015-2030
Year

Annual

Annual

Annual

Annual

Annual

Annual RE

*Cum

Biomass

Biogas

Mini-

Solar PV

Solid

Electricity

RE

(GWh)

(GWh)

Hydro

(GWh)

Waste

(GWh)

(MW)

(GWh)

(GWh)

2015

2,024

613

1,450

61

1,223

5,374

975

2020

4,906

1,472

2,450

194

2,208

11,229

2,065

2025

7,297

2,146

2,450

456

2,330

14,680

2,809

2030

8,217

2,514

2,450

1,019

2,392

16,592

3,484

2035

8,217

2,514

2,450

2,128

2,453

17,762

4,317

2040

8,217

2,514

2,450

4,170

2,514

19,865

5,729

2045

8,217

2,514

2,450

7,765

2,575

23,522

8,034

2050

8,217

2,514

2,450

13,540

2,637

29,358

11,544

* Cum= Cumulative

Source: Derived From the NREPAP-SEDA Malaysia (SEDA Malaysia, 2012b)

Meanwhile, Figure 5-1 illustrates the annual target of electricity production from RE sources
for the period 2015-2050. As can be seen, until 2020 biomass is projected to be the largest
contributor, followed by mini-hydro, accounting for 44% and 22% of the total RE mix
electricity generation respectively, whereas the solar PV is projected to be the smallest
contributor, accounting only 2% of the total share. In the meantime, by 2050, solar PV is
projected to be the largest contributor, followed by biomass, accounting 46% and 28% of the
total share of RE mix electricity production. Whereas, the smallest contributor is projected
belong to mini-hydro at 8% (SEDA Malaysia, 2012b).
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Figure 5-1: Annual Electricity Production From RE Resources, 2015-2050
Source: Derived From the NREPAP-SEDA Malaysia (SEDA Malaysia, 2012b).
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Government Rural Electrification Programme

In Malaysia, the Rural Electrification Programme is another important National programme
that related to the country’s energy development. The Government’s policy for rural
electrification especially in the East Malaysia (Sabah and Sarawak) is to strengthen the
standard of living of the rural population by providing electricity for households’ to meet
daily load such as for lighting, radios and television sets (Economic Planning Unit, 2012c).

The installation of electricity-grid for rural electrification is quite difficult due to many
communities having a dispersed settlement pattern, and large distances between the villages.
Until recently, diesel generators were commonly used for remote electrification, other than
that; stand-alone hybrid with diesel generator solar PV system also is chosen to convert solar
radiation to electrical supply (Anyi et al., 2010).

The national rural electrification programme had started since the First Malaysia Plan (1MP)
(1966-1970). Under the 1MP, the rural electrification programme was expanded a total of $23
million which benefited more than 50,000 rural households in Malaysia. Since then, the GoM
has allocated a budget for each Malaysia Plan (every five years) to further expand this
programme (EPU, 2012c). Until 2010, the rural electrification programme under the Ministry
of Rural and Regional Development had managed to achieve an electrification rate of 95.1%
for rural areas in Malaysia (Ministry of Rural and Regional Development of Malaysia, 2012).

5.7

Climate Change

During the new millennia, energy-related carbon dioxide emissions and the issue of climate
change has become the centre of world debate. As of 2010, world carbon dioxide emissions
from energy use were about 31 Billion tonnes, and this amount is expected to increase to 35.2
billion metric tons by 2020 under business as usual scenarios and will continue to rise to
43.2 billion metric tons by 2035 (U.S Energy Information Administration , 2012a). The long
term effects of such high carbon levels are likely to have severe effects for the future of
humanity when ecosystem responses to environmental drivers such as temperature and to
ecological factors (The Intergovernmental Panel on Climate Change, 2007).

In addition, carbon dioxide emissions have caused many environmental issues due to climate
change and global warming, which can affect not only economic growth, but also human
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well-being. For instance, according to World Health Organization (WHO), direct and indirect
effects of climate change has led to the death of 150,000 people every year, and the rate is
estimated to double by 2020 (World Health Organization , 2012).

For Malaysia, direct CO2 pollution in recent years has caused Malaysia to be exposed to
particulate pollution causing urban haze. Also the country has been experiencing an
increasing number of climate change related impacts including landslides, floods, and other
weather related impacts (Malaysian Meteorological Department, 2009).

Furthermore, studies conducted under the Auspices of the Ministry of Natural Resources and
Environment Malaysia (NRE) have examined impacts of climate change in Malaysia
involving development, affects human well-being, and threats to the security of natural
resources. These studies were part of the work of the Intergovernmental Panel on Climate
Change (IPCC) on the potential impacts of climate change with regards to flooding and
drought, which indicated that potential future increases in flood peaks of approximately 15%
in temperate zones due to increased storm activity and overall increases in depth of rainfall
(Ministry of Natural Resources and Environment Malaysia, 2009).

As a result of the studies conducted by the NRE, the National Policy on Climate Change was
established on 20 November 2009. The policy is to provide the framework to mobilise and
guide government agencies, industry, community as well as other stakeholders and major
groups in addressing the challenges of climate change. Other than that, the Policy is to drive
efforts to reduce CO2 emissions. It is aligned to the objective of National Energy Policy which
is to promote the efficient utilization of energy and discourage wasteful and non-productive
patterns of energy consumption in order to protect the environment for future generations
Ministry of Natural Resources and Environment Malaysia, 2009)
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Chapter Six
6.

Overview of the Current Status of the Solar PV Industry (Desktop
study)

6.1

Introduction

This chapter provides a detailed literature review of the solar PV industry. First, it details the
separation of PV into grid connected and stand-alone systems. Followed by a discussion of
PV cells/modules efficiency and embodied energy. Then, it explores current deployment of the
global solar PV systems, including the limitations and barriers. After that, it gives detailed
overview of solar PV industry in Malaysia, in terms of potential, development, utilization, and
rural electrification. Lastly, the chapter discusses on the future viability of PV in terms of
potential of solar PV systems’ cost reduction.

6.2

Overview of Solar PV Technologies

6.2.1 Grid-connected and Stand-alone Hybrid PV Systems
PV systems are made up of one or more solar panels (modules), usually with the addition of a
controller or power converter, to convert the DC produced by the panels into AC electricity.
The modules are typically made of silicon semi conducting materials similar to those used in
computer chips. The process of converting light (photons) to electricity (voltage) is called the
photovoltaic (PV) effect. The PV effect occurs when sunlight is absorbed by solar panels; and
solar energy knocks electrons loose from their atoms, allowing the electrons to flow through
the panels to generate electricity (Stuart et al., 2007).

PV systems are generally categorized into two main groups: stand-alone and grid connected
systems:
i)

Stand alone PV systems are the systems which are not connected to the grid and
energy produced by the system is usually matched with the energy required by the
load. They are usually supported by energy storage systems such as rechargeable
batteries to provide electricity when there is no sunlight. “PV hybrid systems” are
formed when PV systems combined with wind turbines, hydro systems or diesel
generators (Stuart et al., 2007).

ii)

Grid connected PV systems mode can be used in two ways: as arrays installed at
the end use site, such as rooftops, or as usually ground mounted large scale utility
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programmes. Grid-connected PV overtook stand-alone systems as the largest
global market sector in 2000 (Stuart et al., 2007).

6.2.2 PV Cell/Module Efficiency
PV cells are manufactured from semiconductor material, at present most PV cells are siliconbased including crystalline, multicrystalline and amorphous, varieties, and meanwhile other
materials are under investigation which may displace silicon in future (Stuart et al., 2007). A
study by Green et al. (2009) (cf. Lloyd and Forest, 2010), in generating electricity, shows the
efficiency of the PVs is a parameter associated with the cells’ materials and temperature,
which in general is in the range 5–16% (Table 6-1).

Table 6-1: Efficiency of PV silicon Panel
PV Technology

Cell

Module

Array

Typical Efficiency (%)

Crystalline

15.3

14.0

10.5

Multicrystalline (ribbon)

14.4 (13.1)

13.2 (12.0)

9.9 (9.0)

Amorphous

6.5

4.9

Source: (Green et al., (2009) cited in Lloyd and Forest, 2010)

According to recent study by Zhang et al. (2012), the efficiency value of PV Cell/Module is in
the range of 6-18% when the value is measured at the Nominal Operating Cell Temperature
(NOCT) (0.8 kW/m2 of solar radiation, 20 ◦C of ambient temperature, and 1 m/s of wind
speed). Based on several studies, it is expected that the efficiency of modules will improve in
the future. For instance, based on paper produced by IEA ‘Technology Roadmap: Solar
photovoltaic energy’ (IEA, 2010b), a typical commercial flat-plate module efficiencies are
expected to increase up to 25% by 2030 with the potential of increasing up to 40% by 2050.

6.2.3 Embodied Energy
According to a study by Lloyd and Forest (2010), as PV technologies are not yet well
established, the embodied energy is another essential criteria need to be analysed in order to
assess its viability of PV technology to replace fossil fuels in future. From the study, the
authors concluded that the range of embodied energy for PV arrays, including mounting
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systems inverters and transformers and arrays interconnections (exclude storage and long
distance transmission), the range of embodied energy is from 3500 to 7000 MJth/m2.

Table 6-2 summarizes scenarios for future embodied energy in terms of the PV module
efficiency (MJ thermal/m2) for array lifetime of 30 years (Lloyd and Forest, 2010).

Table 6-2: Summary of Embodied Energy for PV Arrays (baseline values)
Time period

Module efficiency (%)

Embodied energy (MJ/m2)

2010

14

3500-7000

2020

20

2700-5400

2030

23

2400-4800

2040

24

2000-2800

2050

25

1800-3600

>2060

25

1750-3500

Source: (Lloyd and Forest, 2010).

The embodied energy of the active material in solar cells has been decreasing over time
(Alsema and Wild-Scholten, 2007 cf. Lloyd and Forest, 2010). This is due to rapid
technological changes that have led to a reduction in the use of silicon, and also achieved by
reducing the thickness of silicon in the solar cells as well as other improvements (Lloyd and
Forest, 2010). Apart from that, the increase in the module efficiency also has an effect on the
decrease of embodied energy, as can be seen in above table.

6.3 Overview of the Current Status of the World’s Solar PV Industry
6.3.1 Current Deployment of the World Solar PV Systems
Large amounts of energy can be saved and significant contribution can be made to the
environment by increasing consumer awareness about energy conservation and environmental
protection, as well as through a direct effect of reduction of carbon dioxide with renewable
power generation systems (Kohayashi, 2003 cf. Dincer, 2011).

As of 2011, RE supplied approximated of 8% of global primary energy consumptionincluding hydropower, wind, solar, geothermal and biofuels. Among these renewable energy
resources, PV accounted for approximately 2.5% of the total RE share (BP Statistics, 2012b).
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Although the contribution of solar PV in global energy mix is still small, over the last decade,
PV technology has shown the potential to become a major source of power generation for the
world, with strong and continuous growth even during times of financial and economic crisis
(The European Photovoltaic Industry Association, 2011a).

Based on the Global Market the Outlook for Photovoltaics Until 2016 by the European
Photovoltaic Industry Association (EPIA) (The European Photovoltaic Industry Association,
2011b), PV is the third most important renewable energy source in terms of globally installed
capacity after hydro and wind power, and the installation of grid-connected PV system has
increased by 77% from 16.8 GW in 2010 to 29.7 GW in 2011.
The EPIA’s PVs 2016 outlook also reported that (The European Photovoltaic Industry
Association, 2011b):
i)

In 2011, majority of solar PV systems were deployed in Europe with 21.9 GW
connected, increased by 63% from 13.4 GW in 2010 with Italy was the top market
for the year, with 9.3 GW connected, followed by Germany with 7.5 GW.

ii)

Other major deployments were in China with 2.2 GW and Japan with 2.2 GW,
followed by the USA with 1.9 GW.

iii)

The numbers of market achieving more than 1 GW of additional PV capacity
during 2011 go up from three to six: Italy, Germany, France, China, Japan, USA
(Figure 6-1).

Japan
8%
France
5%

Rest of World
17%

China
8%

USA
6%
Germany
25%

Italy
31%

Figure 6-1: Total Installed Capacity and Market Share of the Top Six Countries in 2011
Source: Derived From the EPIA’s Global Market Outlook for Photovoltaics Until 2016

(The European Photovoltaic Industry Association, 2011b)
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Figure 6-2: Global PV Installed Capacity, 2000-2011
Source: Derived From the EPIA’s Global Market Outlook for Photovoltaics Until 2016
(The European Photovoltaic Industry Association, 2011b)

Furthermore, based on data provided by the EPIA Outlook 2016, as shown in Figure 6-2, we
can see that the annual global PV installed capacity has increased by a factor of 99 from 277
MW in 2000 to 29665 MW in 2011. Meanwhile the annual global cumulative installed
capacity, the increment was a bit lower, by a factor of 98 from 1425 MW in 2000 to 69984
MW in 2011, as can be seen in Figure 6-3 (The European Photovoltaic Industry Association,
2011b).
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Figure 6-3: Global PV Cumulative Installed Capacity, 2000-2011
Source: Derived From the EPIA’s Global Market Outlook for Photovoltaics Until 2016
(The European Photovoltaic Industry Association, 2011b)
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6.3.2 Limitations and Barriers
6.3.2.1 Limitations of Materials and Energy Resources
According to study by Wyers and Wild-Scholten (2003) (cf. Lloyd and Forest, 2010), based
on installed capacity of 7 TWp by 2040 and in order to solar PV to be deployed on a large
scale, the changes to the solar cells materials would be required due to following reasons:
i)

Silver, which is used as a metal contact, should be replaced with copper or
aluminium, as world silver supplies are limited.

ii)

Copper as interconnection material should be replaced with conductive adhesives,
as it is expected to be depleted seven years earlier than 2065 due to the PV
production.

iii)

Large aluminium reduction requirements are also suggested by making modules
without aluminium frames.

In addition, Feltrin and Freundlich (2008) stated that if the requirement for silver could be
reduced, there were no other significant material limitations for silicon solar cells that will
limit global to reach the terawatt range. However, Lloyd and Forest (2010) found that, the
research by these authors was limited as they did not include any embodied energy analysis.

On the other hand, several studies have more optimistic conclusions on limitations of
materials and energy resources that could contribute to the growth of large scale deployment
of global PV industries:
i)

A recent study by Institution for Energy Transport, Ispra, Italy (Jäger-Waldau,
2012) concluded that for more a decade, PV has been one of the fastest growing
industries with a growth rate above 40% per annum. The rapid growth has not only
been driven by advances in materials and technological, but also by market
introduction programs in many countries around the world and increased volatility
and installation price of fossil energy.

ii)

A latest report from EPIA (The European Photovoltaic Industry Association, 2011b),
stated that solar PV continued its remarkable growth trend in 2011, even in the
middle of a financial and economic crisis as well as the PV industry was enduring
a period of consolidation.

iii)

A research by Komoto et al. (2009) (cf. Lloyd and Forest, 2010) found that the
main challenge to deploy large scale PV system at multi-gigawatt level is not due
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to financial or technical problems, but to convince world governments to proceed
with such ambitious schemes.

6.3.2.2 Other Barriers
As PV is a non-dispatchable supply, depending on the accessibility to solar radiation there is a
need for electricity storage (Lloyd and Forest, 2010). Due to this problem the vast majority of
installed PV capacity today is grid-connected using the grid as the storage media, with the offgrid sector needing separate battery storage accounting for a declining share with each passing
year. For instance, between 1990 and 1994, about 90% of PV applications worldwide were
off-grid connected with a somewhat higher share of 22% of grid-connected systems in Europe
due to the German 1000 PV-roof program (Jäger-Waldau, 2012). While by 2010, about 90%
of the total global PV capacities were grid-connected installations which surpassed standalone systems (REN21, 2011).

Various studies have been undertaken to study the requirement of storage to supply electricity
during cloudy days or nights. Some of the studies are as follows:
i)

Daoutis and Dialynas (2009) suggested that other RE sources, such as wind, can
be used with solar power to provide a more consistent off-grid electricity supply.

ii)

Steward et al. (2009) (cf. Lloyd and Forest, 2010) found that, among the
combination of storage suggested by the US NREL, such as pumped hydro and
compressed gas stored, only pumped hydro has been exhibited on a large scale.

iii)

A study by Castillo-Cagigal et al (2011) suggested that the combination of Active
Demand-Side Management (ADSM) and storage systems in residential sector,
significantly improves the use of PV, when the user can control his energy
management and consumption.

iv)

Due to storage problems, Trainer argued that wind, photovoltaic and solar thermal
are not able to meet present electricity demands, he has suggested storage or
backup supply could be used for likelihood of solution (Trainer, 2007).

Other than that, as other countries are recently experiencing rapid growing PV manufacturer,
such as China and Taiwan, and the new market entrants from companies located in India,
Malaysia, Philippines, Singapore, South Korea, UAE, and so on. The European manufacturers
are losing market shares in production. Undoubtedly, the European countries especially
Germany is still the largest world market, but it is hard to predict how the market entrance of
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the new players all over the world will influence future developments of the markets (JägerWaldau, 2012).

6.4

Overview of Solar PV Systems in Malaysia

As mentioned in Chapter Four: Section 4.4.3, solar PV systems have been used to provide
electricity in Malaysia starting in the early 1980s. Since then, after the various initiatives and
action plans have been introduced by the GoM, the use of solar PV began to spread, not only
for electrification in rural areas, but also to supply electricity for residential and commercial
buildings, as can be seen in Table 6-3.

Table 6-3: A Chronological List of Some of the Stand-Alone PV Systems Have Been Installed
and Connected To the Grid in Malaysia
Year

Description

Source

1980s

PV technology was first used in Malaysia in the 1980s. Stand

NREPAP

alone solar PV systems were introduced with the aim of

(SEDA, 2012b)

providing electricity to rural areas, and the use of PV in
telecommunications industry
1998-2002

Tenaga Nasional Berhad (TNB) started to experiment on

(RE World

grid-connected PV systems as the initiative for national

Magazine, 2007)

power utility which was inspired by the success of the
German Rooftop and Japanese Sunshine programmes. Six
pilot grid-connected PV systems were installed with power
capacity ranging from 2.8 kWp to 3.8 kWp (on commercial
buildings).
2000

The first MBIPV system was installed at a TNB senior (Haris

cited

in

officer’s house located in Port Dickson with the capacity of Muhammad-Sukki et
3.15 kWp. It was the first grid-connected PV installed in a al., 2011)
domestic house in Malaysia.
2005-2010

MBIPV, 5-year project has increased the number of

(MBIPV, 2011b)

installation of the grid-connected PV system in Malaysia. As
at 31st December 2010, the total capacity installed and
commissioned was 1,516 kWp.
2010

Until recently, stand-alone hybrid PV systems have been
generally used for remote community electrification in East
Malaysia (Sabah and Sarawak)
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6.4.1 Overview of Solar PV Potential, Development and Utilization in Malaysia
The potential, development and utilization of solar PV systems has been investigated in many
studies and research carried out by various people in the field of renewable energies (Ngan
and Tan, 2012). For research on the success of solar PV deployment in Malaysia, it has also
been studied by many researchers Malaysia, most of them academics from local universities.

6.4.1.1

The Potential for Solar PV Deployment in Malaysia
i) Several studies such as Mekhilef et al., and Chua and Oh agreed that Malaysia,
being an equatorial country with good levels of sunshine throughout the year
coupled with a high irradiance level, is well suited for solar energy
exploitation. Malaysia, which receives an average monthly solar radiation of
between 400-600 MJ/m2 (111-167 kWh/m2), has been mooted to be favourable
for the development of solar technologies and PV generation (Mekhilef et al.,
2012; and Chua and Oh, 2012).
ii) A paper produced by the MBIPV project titled “Compared Assessment of
Selected Environmental Indicators of Photovoltaic Electricity in Selected
OECD Cities (41 cities in 26 countries) and Malaysian Cities (8 selected
cities)”, the authors found that the annual energy output for selected Malaysian
cities would be expected to vary from about 1170 kWh/kWp installed for rooftop systems, with a bit lower (about 630-830 kWh/kWp) for facade systems. In
addition, the potential in producing electricity through solar PV system in
Malaysia was considered among the highest worldwide. The world rankings
for Malaysia in this study were 17th for roof-top systems, and 12th for facade
systems (International Energy Agency, 2010a; and MBIPV, 2011d).

iii)Studies undertaken by researchers from KeTTHA (SEDA Malaysia, 2012b),
stated that Malaysia should take an advantage of receiving high solar radiance
in promoting the full scale utilization of solar energy as many European
countries such as, Germany and Spain with lower irradiance already had an
aggressive solar PV promotional policy. In addition, the studies found that the
constraint was not so much on the availability of solar irradiation, but more on
the availability of funding and the domestic and international production
facilities to cope with expected demand.
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iv) Researchers from the University of Glasgow, Caledonian, UK together with
researchers from University of Multimedia, Malaysia (Muhammad-Sukki et al.,
2011), conducted a study to evaluate the installation of solar PV in residential
houses in Malaysia for the past, present, and future. In their study they claimed
that solar energy has huge potential in Malaysia, and the solar PV industry in
Malaysia has shown an increase in terms of number of installations. However
they also found that Malaysians still have a low level of understanding of the
incentives available, and this problem might become the major barriers to the
viability of PV technologies in Malaysia.

6.4.1.2

Solar PV Development and Utilization: Overview of Programmes and
Initiatives

As described in chapter four, RE utilisation was being promoted in Malaysia with more
emphasis under the 9MP (2006-2010) in order to achieve 5% of the total electricity mix from
RE by the end of the plan period (Economic Planning Unit, 2012b). Since then, many
different policies, programmes, funding and schemes, and incentives have been introduced by
the GoM to promote the implementation of RE as an alternative energy (Ministry of Energy,
Green Technology and Water, 2009b).

Some of the programmes and initiatives provided by the GoM for the development and
viability of solar PV in Malaysia are as follows:

i)

SREP Programme and Achievements

The Small Renewable Energy Power (SREP) Program, a 10-year programme, was the first
policy mechanism implemented by the GoM to encourage small-scale renewable electricity in
Malaysia from 2001 to 2010 (KeTTHA, 2009b). The first target of the SREP program was to
install 500 MW of additional qualified biomass, biogas, municipal solid waste, solar
photovoltaics, and mini- hydroelectric facilities from 2001-2005, but this project eventually
reached only 12 MW capacity by the end of 2005 (Sovacool and Drupady, 2011).

64

The Viability Of Solar PV In Malaysia

Chapter Six

Table 6-4: Licensed and Operational of SREP Projects (As of February, 2011).
Types

Sources

Biomass

Empty fruit bunches

40

Municipal solid waste

5.5

Biogas

Mix

3.7

Mini-hydro

-

12.5

Wind and solar

-

0

Total

Capacity (MW)

-

61.7

Source: (Sovacool and Drupady, 2011)

The second target set by the GoM was to achieve 350 MW at the end of 2010 (SEDA
Malaysia, 2012a). However, as can be seen in Table 6-4 (Sovacool and Drupady, 2011), until
February 2011, only 11 projects and 61.7 MW, or about 18% of the target capacity was
actually built, and none of the installed projects were solar PV. In addition, the researchers
claimed that progress of SREP, was slower than expected due to several factors such as, a
lengthy approval process, and lack of monitoring.

ii)

MBIPV Projects and Achievements

Among the key programmes implemented, MBIPV projects have successfully boosted the
utilization of PV technologies in Malaysia (Ministry of Energy, Green Technology and Water,
2009a). The target of MBIPV project to install and commission a capacity of 1,516 kWp gridconnected PV systems throughout Malaysia at the end 2010 was achieved (Figure 6-4)
(MBIPV, 2011b).
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Figure 6-4: Grid-Connected PV Systems at Various Locations in Malaysia
Source: MBIPV Project (MBIPV, 2011b)

The MBIPV project had several demonstration PV projects in various sectors including
residential houses and commercial buildings. The MBIPV project was designed with BIPV
panels integrated into building, and connected to the national electricity (TNB) grid. It used
the principle of feeding electricity into the network and shaving the peak power demand of the
grid during the peak daylight hours (MBIPV, 2011b).

Furthermore, according to a study undertaken by Muhammad-Sukki et al (2011), since the
establishment of MBIPV project, the average of Malaysia BIPV price/kWp had reduced
greatly from RM 29,293 (USD 7,617)/kWp in 2006 to RM 19,120 (USD 5,545)/kWp in 2010,
a reduction of about 40% of the installed cost.
Other than that, another national MBIPV programme, “Suria 1000” was launched in 2006, to
further promote the installation of solar PV energy systems (MBIPV, 2011c). This
programme was co-financed by the public (owners of the system), the Energy Commission
(for the Government of Malaysia) and the PV industry (via discount for the hardware). This
program was targeted to the residential and commercial sectors, which provided opportunity
to the public and industries involved in renewable energy initiatives and environmental
protection. Every year starting from 2007, limited number of grid-connected solar PV systems
66

The Viability Of Solar PV In Malaysia

Chapter Six

was to be offered to the public on a bidding (auction) concept, through local mass media and
administered by the project team (MBIPV, 2011c).

Furthermore, the study carried out by researchers from UTM (Hashim and Ho, 2011) found
that the MBIPV project through its “Suria 1000” programme, had avoided a total of 1,070
tonnes of CO2 equivalent GHG emissions.

iii)

Malaysian Third Industrial Master Plan (IMP3)

The Malaysian Third Industrial Master Plan (IMP3) was launched by former Prime Minister
Tun Abdullah Ahmad Badawi in 2006. The IMP3 is a 15-year Master plan which maps out
Malaysia's economic growth strategy from 2006 to 2020, for Malaysia to achieve developed
nation status by 2020 (Ministry of International Trade and Industry Malaysia, 2008).

According to a study undertaken by Chua and Oh (2012), since the launch of the (2006-2020),
solar energy technology has been identified as the next growth area. The authors stated that
IMP3 received a large scale USD 25 million national initiative by the GoM, jointly co-funded
by the Global Environment Facility through the United Nations Development Programme,
private and public sectors to widespread the implementation of BIPV applications within
building designs in order to reduce long term cost of BIPV technology in Malaysia.

iv)

Other Development Programmes

Until recently, there were 5 major areas of research and development namely; inverters, PV
concentrators, solar cell fabrication, hybrid systems and energy conversion tracking systems
have been undertaken by local universities in Malaysia (Mekhilef et al, 2012):


Research on developing grid-connected inverters (3kW) by the University of Malaya
(UM)



Research on developing solar cells by the University Science Malaysia (USM)



Research on developing organic cells by the National University (UKM)



Research on developing grid-connected inverters (5kW) and solar cars by the
University Technology of Malaysia (UTM)



Research on developing solar PV concentrators by the University Technology Mara
(UiTM), and
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Overview of Feed-in-Tariff (FiT)

According to a study by Hashim and Ho, a feed-in-tariff (FiT) for RE was first introduced to
Malaysia in 2001, under the SREP programme. However, the original SREP tariff did not
gain much success. Then, a new FiT was introduced in 2011 to improve on the previous tariff.
The authors claimed that with the introduction of the new FiT together with the establishment
of SEDA Malaysia was responsible forthe success of the new FiT, and the scenario on RE
investment is expected to change drastically (Hashim and Ho, 2011).

Furthermore, a study by Chua et al. (2011) claimed that, based on studies by the International
Energy Agency, the FiT scheme has proven to be the most effective mechanism for the RE
industry in making clean energy competitive compared to the conventional fossil energy. In
addition, this study also found that the introduction of several incentives such as Investment
Tax Allowance (ITA) and Pioneer Status (PS), the RE policy (with the new FiT rate), were
currently very promising and aiming for domestic users to achieve 5.5% of electricity is
generated from the RE.

6.4.2 Overview of Solar PV for Rural Electrification
By 1990, the number of households’ with access to electricity had increased significantly with
the Rural Electrification Programme undertaken by the Ministry of Rural Development. In
terms of total coverage, about 80% of the rural population were supplied with electricity,
compared with 48% in 1980, and by the end 2010, about 95.1% of rural areas had access to
electricity (Economic Planning Unit, 2012c). To date, under The National Key Results Areas
(NKRA) Programme, which is to improve the socio-economic growth of Malaysia, the
initiatives to further expand rural electrification coverage is undertaken by Ministry of Rural
and Regional Development (Ministry of Rural and Regional Development of Malaysia,
2012).
In addition, according to a study by Chua and Oh (2012), the cooperation between the GoM
and the Government of Japan implemented PV power generation in 1992 had boosted the
number of solar PV installations in Malaysia. The authors stated that until recently the
Government of Japan continues to support the programme, for instance, Pulau Larapan, an
island off the east coast of Sabah, has received about RM172k (USD53k, 2012) in financial
grant for ‘Project for the Electrification by Solar Energy.
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Other than that, there have been many studies undertaken to analyse the potential of solar PV
installations in Malaysia using computer simulation software. For instance, researchers from
the Universiti Teknologi Malaysia (UTM) (Lau et al, 2010), have conducted a study to
analyse the potential use of stand-alone hybrid/diesel PV systems for electrification in remote
areas using the same computer simulation Homer programme as used in this thesis. In this
study they found that hybrid PV/diesel systems had the potential to be used in remote areas,
especially replacing or upgrading existing standalone diesel systems.

6.4.3 Overview of Barriers and Challenges to Solar PV Deployment in Malaysia
Although many studies, as discussed above, have revealed that while Malaysia has a good
potential to develop solar PV, there are many barriers and limitations that have contributed to
the slow PV market growth in Malaysia. These barriers are detailed below:
i) According to Shigeoka, cited in Lau et al. (2009) the target of 5% RE in the energy
supply mix by 2010 was not achieved successfully. The development pace of RE in
Malaysia was at this time still in the early stages, even though the fifth fuel policy had
been announced a decade ago.

ii) Although Malaysia is blessed with abundant of solar radiation throughout the year,
solar PV power installed in Malaysia is still being generated on a small-scale basis
(Shafie et al., 2011). As shown by Figure 6-5 (BP Statistics, 2011), we can see that
until 2010, the cumulative installed PV power in Malaysia was only 14.6 MW. The
PV market growth in Malaysia was the slowest compared to other many countries
which had the same starting dates such as Israel and India.

69

The Viability Of Solar PV In Malaysia

Chapter Six

1000
900
800
700
Australia
(MW)

600

China
Israel

500

India
400

South Korea
Malaysia

300
200
100
0
2006

2007

2008

2009

2010

Figure 6-5: Solar Photovoltaic (PV) Power Installed at Selected Countries, 2006-2010
Sources: Derived from IEA Photovoltaic Power Systems Programme, EPIA, EurObserver and
SolarBuzz, cited in BP Statistical Review of World Energy June 2011 (BP Statistics, 2011).

i) Studies by Seng et al. (2008) and Mohamed and Lee (2006) suggest that one of the
possible challenges faced by the PV sector has been that the price of PV modules may
still be high even after First Solar (the manufacturer of thin-film solar panels) had
been established. For instance, in 2006, Malaysia faced a serious shortage of solar
grade silicon, which is one of the raw materials for PV cells. This problem, which was
worldwide at the time, caused the need for a large amount of silicon to be imported
from foreign countries before an appropriate alternative material could be found
locally In addition, other authors have stated that the high cost of solar PV generation
faced firm competition from cheaper alternative energy options such as from fossil
fuels and biomass.

ii) In terms of technical and financial barriers, studies by Ajan et al. (2003) and Ab Kadir
et al. (2010) found that, although there were many technical and financial facilities
provided by the GoM, the problem of limited experience and lack of local technical
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expertise available were due to not enough detailed information provided by the
Government on the implementation and maintenance of solar PV technology.

iii) Ab Kadir et al. (2010) and Oh et al. (2010) undertook research on administrative and
political barriers which were thought to be the key factors that had contributed to the
slow growth of solar PV in Malaysia. According to these authors, the limitations
included:
 Many organizations involved in the implementation of solar PV initiatives and
action plans but there was a lack of coordination among the authorities
involved (Oh et al., 2010).
 Lack of specialists among decision makers which were not fully aware of the
characteristics and benefit of renewable energy (Ab Kadir et al., 2010).
 While the role of public policy was clearly important, there was a lack of
government showing ways to generate public support of the sustainable energy
agenda (Oh et al., 2010).

iv) According to a study by Ab Kadir et al. (2010) and Muhammad-Sukki et al. (2011) a
socio-cultural barrier was another barrier for the viability of solar PV in Malaysia. For
instance, although the solar PV industry had shown an increase in terms of number of
installations, due to low level of public awareness of solar PV technologies and
environmental impacts of non-renewable energy sources, majority of Malaysian were
still not willing to invest in this sector.

6.4.4 Overview of Suggestions to Overcome the Limitations and Barriers
There also have been various studies detailing suggestions to overcome the limitations and
barriers that contributed to the slow growth of solar PV technologies in Malaysia:
i) Mohamed and Lee (2006) and Lau et al. (2009) claimed that the main obstacles to RE
development in Malaysia have been a lack of policy framework and provision of
financial mechanisms. The authors stated that effective policies and attractive
incentives on solar PV by GoM were vital for the ability for solar PV to continue to
develop in Malaysia, and there were not enough incentives and no specific loan
provision for RE development.
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ii) Studies by Oh et al. (2010) found that non-government agencies and the public needed
to take more proactive steps to coordinate, promote and utilize the solar PV. Close
cooperation within the countries in this region were thought to also further promote
the utilization of solar PV.
iii) Ab Kadir et al. (2010) gave some suggestions to overcome the limitations and barriers
that could lead to slow development of solar PV in Malaysia:
 Establishing dedicated credit or loan facilities to make solar power attractive
and reducing the taxes and customs duties on equipment related to solar
energy.
 Although Malaysia set a clear and ambitious target of 5% for the use of
renewable energy use out of total electricity production in Eighth Malaysian
Plan, the government must take the lead and find ways to generate public will
in supporting the sustainable energy agenda. Such support has not materialised
due to poor implementation.
 Independent power producers must get access to national power grid and
Tenaga Nasional Berhad (TNB) should give preference on renewable energy
projects.

iv) Mohamed et al. (2006) stated it is essential to reduce the subsidies for fossil fuels for
technological development of solar technology and develop a market for solar energy
with attractive prices for users as well as suppliers.

6.5

A Potential for Solar PV Systems Cost Reduction

The cost of PV generation normally refers to the price of a single unit of electricity (kWh),
where the concept of Levelised Cost of Electricity (LCOE) is used to allow calculation of the
real cost of PV electricity amortised over the length of the project and allows the comparison
to be made with the cost of other sources of electricity.

The LCOE formula is as follows (IEA/OECD-NEA cf. EPIA, 2011a):

LCOE = CAPEX + NPV of total OPEX
NPV of total EP
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Where:
CAPEX is the Capital Expenditure (investment costs)
OPEX is the Operations and Maintenance costs
EP is the Electricity Production (in kWh)
NPV is the Net Present Value

Three categories of parameters have been taken in to account when calculating the generation
cost of PV electrical power (The European Photovoltaic Industry Association, 2011a):
i)

PV technology cost efficiency.

ii)

Market segments: The typical installed capacities are residential households (3
kW), commercial buildings (100 kW), industrial plants (500 kW) and utility-scale
plants (2.5 kW).

iii)

Countries: Currently, 5 potential countries are targeted, namely, France, Germany,
Italy, Spain and the United Kingdom.

Apart from the above factors, the total system life cycle also has to be taken into account,
including all costs made over the entire lifecycle of the PV system, when calculating the
generation cost (The European Photovoltaic Industry Association, 2011a). In addition,
according to Paris: International Science Panel on Renewable Energies (ISPRE 2009, cf.
Dincer, 2011), cost reductions will be achieved through the following measures:
i) higher conversion efficiency,
ii) less material consumption,
iii) application of cheaper materials,
iv) innovations in manufacture,
v) mass production and
vi) optimised system technology.

Currently, leading countries in PV deployment, such as Germany, Japan and the United States
have a technological lead other countries in the world by implementing national programmes
to promote the use of PV, which will certainly lead to expansion in production capacity and to
reduce costs (Bahaj, 2002).

There are about 40 countries and areas in the world with implemented net pricing law (i.e. a
Feed-in-tariff where an amount of money which is paid by the government or utility provider
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for energy produced by a (solar) renewable energy). Table 6-5 lists some of the countries and
areas which implemented net pricing law (Yan et al., 2009 cf. Dincer, 2011).

Table 6-5: Some of the Countries and Areas Implemented Net Pricing Law
Country and area

Net pricing, Euros/kWh

Implementation time

Germany

0.55 (average)

20

Belgium

0.45

20

Greece

0.49

20

Italy

0.45

20

Portugal

0.44

15

Spain

0.42

25

Washington (US$)

0.43

10

California (US$)

0.50

3

Korea

0.58

15

Source: Photovoltaic industry and market investigation, IEEE Sustainable Power Generation and
Supply (2009), (Yan et al., 2009 cf. Dincer, 2011)

Other than that, roadmaps for PV also have been setup, which have been produced from
expert meetings, workshops and symposia, to study available potential and competitive PV’s
generation cost. In addition, roadmaps have been thought to be important tools, for an
interactive and ongoing process for research for the short and long term major PV research
areas, including cross fertilization with other R & D fields. These tools cover marketing,
product and standardization aspects, environmental issues as and human resource issues for
PV (Jager, 2003 cf. Dincer, 2011).

Based on a report produced by EPIA (The European Photovoltaic Industry Association,
2011a), the cost of PV systems has been decreasing for decades and now is approaching
competitiveness with existing technologies. For instance the price of PV modules in Europe
has decreased by over 20%per annum from + € 4.2 (USD 4.3) per watt in 2000 to € 1.2 (USD
1.7) per watt in July 2011. Furthermore, EPIA has optimist suggested that future attractive
generation costs can be achieved by a reduction of PV modules price of 36-51% within the
next 10 years in all European market segments; residential, commercial, industrial and utility
(The European Photovoltaic Industry Association, 2011a).
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However, as 80% of PV modules are currently assembled outside Europe ( mainly in China)
fluctuation of the US Dollar and the Chinese Renminbi against the Euro could clearly affect
PV system prices in Europe (The European Photovoltaic Industry Association, 2011a).
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Chapter Seven
7.

The Viability of Solar PV Systems for both Grid-Connected and

Stand-alone in Malaysia: Case Studies Using of Economic and
Environmental Analysis Using HOMER Software
One of the objectives of this study was to evaluate the viability of grid-connected and standalone PV systems for residential and commercial buildings in Malaysia. Thus, a commercial
software package “Homer” was used to achieve the objectives set. First, this chapter presents
a brief overview of Homer software and the function of analysis in finding the most costeffective and most feasible system configurations. Then, the chapter describes the detailed
program inputs used in the analysis, such as weather data, and solar radiation data for PV
system components. Finally, this chapter also discusses the site description, the estimated
load data and other characteristics required.

7.1

Introduction to HOMER Software

Homer is a computer modelling software program that facilitates the task of assessing design
options for both off-grid and grid-connected power systems for isolated, stand-alone and
distributed generation (DG) applications. It was developed by United State (US) National
Renewable Energy Laboratory (NREL) particularly to meet the needs of renewable energy
industry’s system analysis and optimization. The first version of HOMER software was
introduced on 14th February 2000 by NREL, but is now managed by a separate consulting
company HOMER Energy, LLC (National Renewable Energy Laboratory, 2006a; and
HOMER Energy, 2012).

By using HOMER software, three main tasks can be executed (National Renewable Energy
Laboratory, 2005):
i)

Simulation:
 HOMER models a system and determines its technical feasibility and life cycle.

ii)

Optimization:
 HOMER performs simulation on different system configurations to come out with
the optimal selection based on cost of electricity or net present cost.

iii)
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 HOMER performs multiple optimizations under a range of inputs to account for
various uncertainties in the model inputs.

7.2

Economic Analysis: HOMER Programme Inputs

As stated in Chapter Two, to the analysis in evaluating the viability of solar PV in Malaysia,
studies on commercial and residential buildings have been implemented. Detailed studies are
as follows:
i)

Grid-connected PV: The analysis has been carried out on commercial buildings in
urban areas, for different states in Malaysia.

ii)

Stand-alone hybrid PV: The analysis has been carried out in remote residential
areas in Malaysia.

In this section, a detailed description of HOMER programme inputs, namely for weather data,
design specification, and load profile to perform simulations, optimization and sensitivity
analysis processes is presented.

7.2.1 Background Information
Five Malaysian states have been chosen for this analysis, located in different areas: Johor is
located in the South, Sarawak and Sabah in the East, Kelantan in the North, and Selangor in
the West (Figure 7-1).

Figure 7-1: Map of studied Areas in Malaysia, (Google Maps, 2012)
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Weather Data

The temperature in Malaysia is usually influenced by rainfall distribution. Normally the rainy
season will cause cooler temperature and vice versa. Load requirements only change slightly
according to weather conditions and temperature. It has been assumed that the hot months
would require slightly more electricity demand, especially for cooling purposes. Table 7-1
shows the seasonal rainfall variation in five selected states in Malaysia (Malaysian
Meteorological Department, 2012).

Table 7-1: Wet and Dry Seasons in Five Selected Studied Areas
Malaysian State

The Wettest Months

The Driest Months

Sarawak

Jan, Nov and Dec

Apr, June and Aug

Sabah

Jan, Nov and Dec

Apr, May and Sep

Kelantan

Jan, Nov and Dec

June and July

Oct and Nov

Feb, Jun and July

Apr, May, Oct and Nov

Jan, Feb, June, July

Johor
Selangor

Source: Derived from the Malaysian Meteorological Department (2012).

7.2.1.2

Solar Radiation Data and Estimation

Solar radiation is a consistent source of energy which is received in the form of relatively
dispersed energy (Haidar et al., 2011). Global solar radiation data are readily accessible and
reliable for most locations. Photovoltaic designers frequently require estimates of the solar
radiation which is expected to fall on arbitrary-tilted surfaces (Stuart et al., 2007).

For this analysis the monthly average solar radiation data for five studied locations were taken
from a NASA official website, as shown by Table 7-2, by determining the latitude and
longitude of all location (Google Earth, 2012; and NASA, 2012):
i)

The latitude and longitude for Johor is 2°27’N/103°50’E

ii)

The latitude and longitude for Sarawak 1°29’N/110°200’E

iii)

The latitude and longitude for Selangor 2°54’N/101°470’E

iv)

The latitude and longitude for Sabah 5°15′N/117°0′E

v)

The latitude and longitude for Kelantan 5°15′N/102°0′E
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Table 7-2: Monthly Averaged (22-year Average) Insolation Incident on a Horizontal Surface
(kWh/m2/day) for Five Studied Areas
Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Annual

Johor

4.12

4.97

5.01

5.08

4.84

4.66

4.61

4.70

4.83

4.70

4.05

3.62

4.59

Kelantan

4.12

5.10

5.36

5.60

5.20

5.08

5.00

4.99

5.10

4.61

3.74

3.35

4.77

Selangor

4.98

5.55

5.70

5.48

5.07

4.98

4.99

4.97

5.04

4.92

4.49

4.28

5.03

Sarawak

3.96

4.36

4.69

4.99

4.87

4.93

4.84

4.87

4.68

4.59

4.48

4.16

4.62

Sabah

4.08

4.50

5.14

5.60

5.35

5.26

5.22

5.28

5.38

5.05

4.74

4.17

4.98

Source: Derived from the Surface meteorology and Solar Energy, NASA (National Aeronautics and
Space Administration, 2012).

Ideally, solar radiation data should be collected from the proposed location for at least one
year, but such data collection may not be possible as the national meteorological office only
records at 10 or 11 different selected stations every month (Malaysian Meteorological
Department, 2012). Table 7-3 summarizes the solar radiation data recorded by the national
meteorological office from April 2011 until March 2012.

Table 7-3: Mean Daily Solar Radiation Recorded From the National Meteorological Office
Month

The mean daily solar radiation (kWh/m2)
The Highest Data
The Lowest Data
Average

Apr-11

6.75

4.31

5.53

May-11

6.17

4.14

5.15

Jun-11

5.22

4.39

4.81

Jul-11

5.53

4.58

5.06

Aug-11

5.60

4.46

5.03

Sep-11

6.25

3.64

4.94

Oct-11

5.17

3.83

4.50

Nov-11

5.33

3.86

4.60

Dec-11

4.81

3.00

3.90

Jan-12

5.33

3.78

4.56

Feb-12

6.14

4.06

5.10

Mar-12

5.83

4.33
Annual average

5.08
4.85

Source: Derived from the Malaysian Meteorological Department (2012)
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Average*
Sabah
Sarawak
Selangor
Kelantan
Johor
4.3

4.4

4.5

4.6

4.7

4.8

4.9

5

5.1

(kWh/m2 /day)
* Annual average data from the National Meteorological station

Figure 7-2: Comparison between Data Obtained From the National Meteorological Station
and NASA
Sources: Malaysian Meteorological Department (2012); and National Aeronautics and Space
Administration (2012)

Figure 7-2 shows the comparison of annual average of solar radiation between National
Meteorological stations data and NASA data. Among the five studied areas, we can see that
Selangor has the highest annual average for solar radiation, followed by Sabah and Kelantan.
While, the lowest annual average of solar radiation is belonged to Johor. It can also be seen
that the variation is not very much between sites as might be expected of areas in a tropical
environment mostly not too far from the sea.

In addition, there are only small differences between data obtained from national station with
data from NASA, and data from national station is in the range of NASA data from five
chosen studied areas. The annual average solar radiation data collected from national station
is about 3.6% less than from the highest data obtained from NASA (Selangor), and about
5.4% more than the lowest data (Johor).
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Data for PV System Components

For installation of stand-alone hybrid PV/diesel and grid-connected PV systems, there are
four main components to be considered; PV panels, storage battery, inverter and diesel
generator. The summary of the cost inputs for the components of the proposed PV system are
as shown in Table 7-4.

i)

Solar PV panels

Solar PV panel’s prices were derived from the Solarbuzz’s official website. Solarbuzz is the
photovoltaic industry’s premier source for exclusive research, analysis, and consulting
(Solarbuzz, 2012). Until recently, 329 solar module prices are below US$ 2.00 per watt, and
up to March 2012, the lowest retail price for a multicrystalline silicon solar module is US$
1.06 per watt (RM 3.18 per watt) from a German retailer.
In this analysis, it was assumed the capital cost for installation of 1kW of PV panel was
between US$ 1,500 (RM 4,500) to US$ 2,250 (RM 6,750), this cost is included the cost of
freight, insurance and man power (Solarbuzz, 2012). The cost of replacement was assumed to
be the same as the initial cost.

The properties of the PV array in this analysis; de-rating factor, which is a factor which
accounts for losses due to temperature effects and dirt, was assumed to be 80%, the ground
reflectance of solar radiation was 20% and the lifetime expectancy of the solar PV panels was
20 years.

ii)

Diesel Generator

The initial capital cost per kW diesel generators were assumed to be between US$ 1,000 (RM
3,000) to US$ 1500 (RM 4,500) (GoPower, 2012). These costs are including the cost of
freight, insurance and man power. The cost of replacement was assumed to be the same as the
initial cost.

iii)

Inverter

In designing PV system, an inverter is required to convert DC to AC supply. The size of
inverted supposed to be same as the daily peak load demand in order to serve the daily peak
load. However, by specifying the smaller size would be less expensive and cost-effective
design option (National Renewable Energy Laboratory, 2005).
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The inverter price per watt was derived from Solarbuzz (Solarbuzz, 2012), up to March 2012,
the inverter price per watt has been taken as US$ 0.711 (RM 2.133). The capital cost of
inverter entered to this analysis, includes the cost of freight, insurance and installation costs
was assumed to be US$ 923 (RM 2,769) per kW. The cost of replacement was assumed to be
the same as the initial cost.
iv)

Storage Battery

The storage battery chosen for this analysis was Surrette 4KS25P, rated at nominal voltage of
4V, with a capacity of 1,900Ah and lifetime throughput of 10,569 kWh. The retail price of
one unit Surrette 4KS25P is US$ 1,163.00 (Whole sale solar, 2012). The capital cost of one
unit Surrette 4KS25P, including the cost of freight, insurance and man power was assumed to
be US$ 1,511 (RM 4,533). The cost of replacement was assumed to be the same as the initial
cost.

Table 7-4: Summary of the Cost Inputs for the PV System Components
Description
1. PV modules
a) Installation
cost
b) Replacement
cost

Value
 Ranges from
US$1,500/kW to
US$2,250/kW
 Same as installation
cost

c) Operating and
maintenance
cost

 US$19 kW/year

d) Lifetime

 20 years

Data Source
 Solarbuzz, 2012
 Own Assumption

 Own Assumption

 US$0.048 per kWh

 Whole sale solar,
2012

b) Replacement
cost

 Same as installation
cost

 Own Assumption

c) Operating and
maintenance
cost

 US$10/year

d) Lifetime

 10 years

 Whole sale solar,
2012

 US$923/kW

 Solarbuzz, 2012
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Installation cost is
included freight,
insurance and man
power

 NREL, 2010

2. Storage battery
a) Installation
cost

3. Inverter
a) Installation
cost

Notes

 Ngan and Tan,
2012

The retail price of
one unit Surrette
4KS25P is US$
1,163.00
Installation cost is
included freight,
insurance and man
power

Installation cost is
included freight,
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b) Replacement
cost

 Same as installation
cost

 Own Assumption

c) Operating and
maintenance
cost

 US$10/year

 Ngan and Tan,
2012

d) Lifetime

 15 years

 Ngan and Tan,
2012

 Ranges from
US$1,000 to
US$1,500 per kW
 Same as installation
cost

 GoPower, 2012

c) Operating and
maintenance
cost

 US$0.03/hr

 Ngan and Tan,
2012

d) Lifetime

 15,000 operating
hours

 GoPower, 2012

4. Diesel generator
a) Installation
cost
b) Replacement
cost

 Own Assumption

insurance and man
power

Installation cost is
included freight,
insurance and man
power

7.2.2 Site Description, Operation and Services
7.2.2.1 Economic Analysis of Grid-connected PV System
In analysing the proposed grid-connected PV system, an installation of RE system above 24
kW and up to 72 kW, a three-storey primary school was chosen. In Malaysia, schools have a
standard design throughout the state. Hence, Sekolah Kebangsaan Matang Gerdu, Kerian
primary school was chosen as an example.

Figure 7-3: Site for HOMER Data Collection
(Sekolah Kebangsaan Matang Gerdu, Kerian, Perak)
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Sekolah Kebangsaan (SK)Matang Gerdu, Kerian, Perak (Figure 7-3) is a primary school for
years 1–6. It is located in Kerian in the Perak state, about 300 km from Kuala Lumpur,
Malaysia. It has two buildings: a four-storey building and a two-storey building, comprising
of classes, admin, staff room and library.

The school operates only on weekdays. Office hours are from 7.00 am until 5.00 pm daily, but
the class run between 7.30am and 2.30pm daily, and is mostly followed by compulsory cocurricular activities last until approximately at 6.00p.m. The school terms for 2011 are as
shown in the Table 7-5 below (Ministry of Education, 2011). As of May 2012, SK Matang
Gerdu has 720 students and 65 teachers and support staff. However, this analysis was
performed only for the main building (four-storey) consisting of classrooms, staff room,
computer room, utility room and admin.

Table 7-5: Primary School Calendar Year 2011 in Malaysia
Term

Holiday and School Day

Begin

End

Days

School Day

03.01.2011

31.01.2011

21

School Day

01.02.2011

28.02.2011

20

School Day

01.03.2011

11.03.2011

9

Mid-Term Holiday

12.03.2011

20.03.2011

9

School Day

21.03.2011

31.03.2011

9

School Day

01.04.2011

30.04.2011

20

School Day

01.05.2011

27.05.2011

21

Mid-Year Holiday

28.05.2011

12.06.2011

16

School Day

13.06.2011

30.06.2011

15

School Day

01.07.2011

31.07.2011

21

School Day

01.08.2011

26.08.2011

19

Mid-Term Holiday II

27.08.2011

04.09.2011

9

School Day

05.09.2011

30.09.2011

20

School Day

01.10.2011

31.10.2011

22

School Day

01.11.2011

18.11.2011

14

Final Year Holiday

19.11.2011

01.01.2012

44

I

II

Total

Source: Ministry of Education Malaysia (2011).
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a) User Load Estimation
The building services consist of ceiling fans, exhaust fans, lighting, air-conditioning, kitchen
appliances: microwaves, ovens, fridge, electric kettle, etc, and teaching aid equipments:
computers, computers, DVD players, and overhead projectors. Table 7-6 detailed electrical
appliances available throughout the building, including estimation of power ratings.
Meanwhile summarized the daily load profile including the estimation of operating hours is as
shown in Table 7-7.

Table 7-6: Summary of Electrical Appliances Available in Studied Building
Location
Lighting
(2x36W)

Class
room
48

Meeting
room
10

Utility room
36

Staff
room
39

10

Lighting
(1x36W)

20

12

Lighting
(2x18W)
5

Airconditioning
(1.5 kW)
Ceiling fan
(90W)

24

10

21

Office
equipment
(assumption)

Computer
(40)

Other domestic
type appliances
(assumption)

Microwave
Fridge
Coffee
maker
Kitchen
kettle

Teaching Aids
equipments
(assumption)
Exhaust fan
(60W)

85

Others

Projector
(7)
Laptop (7)

Projector (1)

Projector (5)

Laptop (1)

Laptop (7)
26
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Table 7-7: Summary of the Daily Load Profile for the Proposed Grid-Connected PV System
Location

Lighting

Class rooms

Rainy
seasons:
9a.m to
12p.m daily
Normal
seasons:
10a.m to
12a.m daily
2p.m to 4p.m
(once a
week)

Meeting
rooms

Utility rooms

Staff room

Others
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Rainy
seasons:
9a.m to
12p.m daily
Normal
seasons:
10a.m to
12a.m daily
Rainy
seasons:
7a.m to 5p.m
daily
Normal
seasons:
7a.m to
12p.m daily
Rainy
seasons:
7a.m to 5p.m
daily
Normal
seasons:
7a.m to
10a.m daily

Airconditioning
and ceiling
fan

Office
equipment

Other
domestic
type
appliances

Duration used (assumption)
Rainy
seasons:
7a.m to 5p.m
daily
Normal
seasons:
7a.m to
10a.m daily
2p.m to 4p.m To be used
To be used
(once a
for a mean of for a mean of
week)
two hour
two hour
(once a
(once a
week)
week)
Rainy
seasons:
7a.m to
12p.m daily
Normal
seasons:
7a.m to
10a.m daily
Rainy
To be used
To be used
seasons:
for a mean of for a mean of
7a.m to
three hours
two hours
12p.m daily
each school
each school
day in a year day in a year
Normal
seasons:
7a.m to
12p.m daily
Rainy
To be used
seasons:
for a mean of
7a.m to 5p.m
two hours
daily
each school
day in a year
Normal
seasons:
7a.m to
10a.m daily

Teaching
aids
equipment

10-15 min
every class
hour

10-15 min
every class
hour
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The choice of energy supply was solar and grid electricity. For the grid-connected PV system,
it was assumed that solar only contributes during the day. Electricity from the grid will take
over the task to provide electricity at night or if the solar energy from the PV is not enough to
supply the required energy.

Table 7-8: Average Hourly Load Data for Normal Season for the Proposed Grid-connected
PV System (taking into account the standby load)
Load
(kWh)

Hour
0:00:00
1:00:00
2:00:00
3:00:00
4:00:00
5:00:00
6:00:00
7:00:00
8:00:00
9:00:00
10:00:00
11:00:00
12:00:00
13:00:00
14:00:00
15:00:00
16:00:00
17:00:00
18:00:00
19:00:00
20:00:00
21:00:00
22:00:00
23:00:00

-

1:00:00
2:00:00
3:00:00
4:00:00
5:00:00
6:00:00
7:00:00
8:00:00
9:00:00
10:00:00
11:00:00
12:00:00
13:00:00
14:00:00
15:00:00
16:00:00
17:00:00
18:00:00
19:00:00
20:00:00
21:00:00
22:00:00
23:00:00
0:00:00

AM
AM
AM
AM
AM
AM
AM
AM
AM
AM
AM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
AM

0.22
0.22
0.22
0.22
0.22
0.22
0.22
17.643
20.163
27.663
22.189
22.189
22.024
17.486
19.93
19.93
19.93
0.22
0.22
0.22
0.22
0.22
0.22
0.22

The above table is based on electrical appliances available throughout the building, and the
estimated of daily operating hours, the hourly load data (normal season) for the proposed
system is as shown in Table 7-8. There are two factors that contribute to the energy
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consumption of an electrical device: its power consumption and the time in which it is on.
The profile of the hourly load data was produced using a mathematical formula as follows:

Y= Sum of X (for i=24-hour period) =
where:
Xi= Average hourly energy consumption = Z1 +Z2 + Z3 + Z4 + Z5 + Z6 + Z7
For the ith hour and:
Zn= Energy consumption for each electrical appliance (for 1-hour period)
= The duration of the use of the appliance multiply the wattage consumed
where:
{Z1=Average energy consumption for lighting,
Z2=Average energy consumption for fans (ceiling fan and exhaust fan),
Z3= Average energy consumption for office equipment
Z4=Average energy consumption for teaching equipment,
Z5= Average energy consumption for other domestic type appliances,
Z6 = Average energy consumption of Air-conditioning, and
Z7 = Average standby load}

It was assumed that the daily load profile of the five chosen areas was slightly different due to
different rainy season which involves the use of fans and air-conditioners for cooling
purposes. In this study, the variation of daily load profile for the dry and rainy seasons was
assumed only 5% compared to normal season.

Based on all the assumptions mentioned, the daily load profile included into the HOMER
software is as shown in Figure 7-4.

Figure 7-4: Synthesized Daily Load Profile (Grid-connected PV System)
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b) System Modelling
The proposed grid-connected PV system has PV arrays that will connect and synchronize to
the grid using an appropriate power conditioning sub-system that converts the DC energy to
AC energy synchronized to the grid energy. Therefore, no additional energy storage is
necessary. Furthermore, without a storage battery will reduce the cost of installation and
maintenance, and will also thus reduce the Net Present Cost (NPC).
The system modelling and configuration for the proposed system is as presented in Figure 75(a) and Figure 7-5(b).

Figure 7-5(a): Proposed Design of Grid-connected PV System
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Figure 7-5(b): Configuration of Grid-connected PV System

In this HOMER economic analysis, the economic viability of grid-connected solar PV was
calculated based on total investment cost, and fixed operation and maintenance costs, life
cycle of panels and inverters, purchasing price offered by the government, as well as
increasing energy costs. The costs and benefits of a grid-connected solar PV system
throughout its lifetime were analyzed and assessed using real (inflation-adjusted) interest rates
which means the results of Cost of Energy (COE) and Net present Cost (NPC) were defined
in terms of constant dollars (NREL, 2006b).
For detailed results of the simulation, optimization and sensitivity analysis are discussed in
Chapter Eight: HOMER Analysis of Economic and Environmental: Results of Simulation,
Optimization and Sensitivity Analysis.

7.2.2.2

Economic Analysis of Stand-alone hybrid PV System

This analysis was to design at stand-alone hybrid PV system for a sample of small village
(hypothetical) of 20 houses (medium load household). The location of village was assumed
without access of electricity grid.
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a) User Load Estimation
In Malaysia, electricity is used mainly for lighting and power, while gas is preferred for
cooking. In this study which to design the optimum configuration for stand-alone hybrid PV
system for rural villages, the choice of energy is solar and diesel generators. It was assumed
that every household has an average of four members, and requires an average of 8 kWh per
day (total of 160 kWh per day for 20 houses).

The assumption taken was that each off grid household requires a total of 8 kWh per day
(approximately 2 kWh per day per person); or total of 730 kWh per capita per year. This
assumption was, based on the following reasons:
i.

Data given by the World Bank’s official website, electricity consumption per capita in
Malaysia in 2009 was 3,614 kWh per year (The World Bank, 2012b) Note this value
is for the total consumption for all purposes. Typically residential consumption is
around 20% of total energy consumption (U.S Energy Information Administration,
2012b).

ii.

Based on the annual report published by Tenaga Nasional Berhad (TNB) in the year
2010, showing that the average annual electric energy consumption per unit domestic
customer (i.e. household) in Malaysia was approximately 3,000 kWh (TNB, 2011), or
total of 750 kWh per capita per year (given that each household has an average of four
members (Department of statistic Malaysia, 2011).

Table 7-9: Summary of Electrical Equipment Available in Each household
Appliances
Lighting
TV
Fridge
Fan
Iron
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Power Rating
(W)

Quantity

36
150
300
60
1000

4
1
1
3
1
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Table 7-10: Average Hourly Load Data for Normal Season
Total for one
household (kWh)

Total for 20
households (kWh)

1:00:00 AM
2:00:00 AM

0.234
0.234

4.68
4.68

2:00:00 - 3:00:00 AM
3:00:00 - 4:00:00 AM
4:00:00 - 5:00:00 AM
5:00:00 - 6:00:00 AM
6:00:00 - 7:00:00 AM
7:00:00 - 8:00:00 AM
8:00:00 - 9:00:00 AM
9:00:00 - 10:00:00 AM
10:00:00 - 11:00:00 AM
11:00:00 - 12:00:00 PM
12:00:00 - 13:00:00 PM
13:00:00 - 14:00:00 PM
14:00:00 - 15:00:00 PM
15:00:00 - 16:00:00 PM
16:00:00 - 17:00:00 PM
17:00:00 - 18:00:00 PM
18:00:00 - 19:00:00 PM
19:00:00 - 20:00:00 PM
20:00:00 - 21:00:00 PM
21:00:00 - 22:00:00 PM
22:00:00 - 23:00:00 PM
23:00:00 - 0:00:00 AM
Total Load Demand

0.234
0.234
0.234
0.234
0.360
0.360
0.180
0.195
0.195
0.195
0.345
0.195
0.336
0.336
0.336
0.375
0.429
0.651
0.465
0.465
0.330
0.330
7.50

4.68
4.68
4.68
4.68
7.20
7.20
3.60
3.90
3.90
3.90
6.90
3.90
6.72
6.72
6.72
7.50
8.58
13.02
9.30
9.30
6.60
6.60
150

Hour
0:00:00 1:00:00 -

Table 7-9 presents the assumptions of basic electrical equipment, including estimated of their
power rating available in every home. Meanwhile, Table 7-10 shows detailed daily load
profile, including estimated daily operating hours.

The hourly load data profile was produced by a mathematical formula as follows:
Y= Sum of X (for i=24-hour period) =
where:
Xi= Average hourly energy consumption = Z1 +Z2 + Z3 + Z4 + Z5
For the ith hour and:
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Zn= Energy consumption by each electrical appliance (for 1-hour period)
= The duration of the use of the appliance multiply the wattage consumed
and:
{Z1= Average energy consumption for lighting,
Z2= Average energy consumption for TV,
Z3= Average energy consumption for fridge,
Z4= Average energy consumption for fans, and
Z5= Average energy consumption for iron}

As the locations of the studied areas are mostly near the sea, it was assumed that the daily
load demand for the dry and rainy seasons have the variation of only 5% compared to the
normal season. Furthermore, it was assumed that between 9 am to 12 pm most of the family
members go to work and school, and due to this, the daily load profile between 9 am to 12 pm
shows the lowest power consumption. Based on the above assumptions, the daily load profile
entered into HOMER programme as shown in Figure 7-6.

Figure 7-6: Synthesized Daily Load Profile (Stand-alone hybrid/diesel PV System)

a) System Modelling
The level of RE penetration in hybrid systems (deployed around the world) is normally in the
range of 11-25% (Shahid cited in Lau et al., 2010). Malaysia has tropical climate and
receives sunshine almost 12 hours, from 7 am to 7 pm daily. For this weather condition, the
PV array would generate electricity during day time from 7 am to 7 pm. While, at night either
battery or the generator for stand-alone PV system, would take over the duty to supply
electricity.

93

The Viability Of Solar PV In Malaysia

Chapter Seven

To obtain the most feasible design of stand-alone PV hybrid system in terms of economic and
environmental, the modelling system and configuration entered into the Homer program as
presented in Figures 7-7(a) and 7-7(b).

Figure 7-7(a): Proposed Design of Hybrid/diesel PV System

Stand-alone Hybrid/diesel PV

Stand-alone Hybrid/diesel PV

Stand-alone PV without generator

without battery

Figure 7-7(b): Configuration of Stand-alone Hybrid PV System
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Detailed analysis results of simulation, optimization and sensitivity analysis, are discussed in
the next chapter, Chapter Eight: HOMER Analysis of Economic and Environmental: Results
of Simulation, Optimization and Sensitivity Analysis.

7.3

Environmental Analysis

7.3.1 Grid-connected PV System
As highlighted in chapter four, grid electricity in Malaysia mainly is generated from fossil
fuels. In 2011, the total country’s electricity generation was 51% derived from gas and 42%
from coal, and less than 10% was generated by hydro (Economic Planning Unit, 2012a).

Table 7-11 shows the electricity emission factors for coal and natural gas which have been
derived from Ministry for Environment of New Zealand, ‘an electricity emission factor’s
document’ (Ministry for the Environment New Zealand, 2003). It also was assumed that the
thermal efficiency of coal and natural gas power stations are 28% and 40% respectively
(World Coal Association, 2012).

Table 7-11: CO2 Content of Fuels
Fuels

Kg of CO2

Power station

Portion in electricity

Total (g CO2/kWh)

per kWh

efficiency (%)

mix generation (%)

Coal

0.329

28

42

493.5

Natural

0.188

40

51

240

gas
Total

733.5

Sources: Derived from the Ministry for Environment of New Zealand, ‘an electricity emission factor’s
document and World Coal Association (Ministry for the Environment New Zealand, 2003; and World
Coal Association, 2012).

7.3.2 Stand-alone Hybrid/diesel PV System
For stand-alone hybrid/diesel PV system, the emissions produced from diesel generators, are
carbon dioxide (CO2), carbon monoxide (CO), unburned hydrocarbons (UHC), particulate
matter (PM), sulphur dioxide (SO2) and nitrogen oxides. As the HOMER results have shown
that CO2 is the main contributor (more than 95%) to air emissions, hence, this environmental
analysis only considers CO2 emissions produced.
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Detailed results of the environmental analysis are discussed in the next Chapter Eight:
section 8.2.3.2 for grid-connected PV system and section 8.3.3.2 for stand-alone hybrid/diesel
PV system.

7.4

Future Viability of PV: Potential of Solar PV Systems Cost Reduction

As discussed in Chapter Six: Section 6.5, within the next 10 years, a study by the EPIA (The
European Photovoltaic Industry Association, 2011b) has projected that there is a potential for
cost reduction (between 36-51%) for solar PV modules price. Furthermore, as highlighted in
Chapter Six: Section 6.2.2, according to IEA solar PV roadmap (International Energy
Agency, 2010b) typical commercial flat-plate module efficiencies are expected to increase to
between 25% and 40% by 2030-2050.

Hence, the assumption will be used that the solar PV module price will reduce up to 45% per
kWp and the efficiency of typical commercial PV modules will increase up to 20% in the next
10 years. Note that the increase in efficiency will not affect the economics very much as the
panels are priced in $ per KWp. The effect of increasing panel efficiency will decrease the
size of the panels needed.

Detailed HOMER analysis results of the future potential cost reduction of PV generation are
discussed in Chapter Eight: Section 8.3.5.
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Chapter Eight
8.

Results of the HOMER Analysis

This chapter describes the detailed results of the economic and environmental of HOMER
analysis. First, an overview of the Homer program is presented. After that, this chapter
provides detailed results and discussions on process simulation, optimization and sensitivity
analysis to find the most feasible and cost-effective of system configurations for both grid
connected and stand-alone PV systems. Finally, this chapter presents the environmental
analysis, in terms of pollution caused by CO2 emissions produced by the proposed PV
systems.

8.1

An Overview of the HOMER Analysis Procedures

To execute a HOMER analysis; simulation, optimization and sensitivity analysis, we need to
understand its procedures. In addition, to perform the analysis, we need to provide the model
with inputs, component costs and resource availability (National Renewable Energy
Laboratory, 2005). In this study, the cost inputs for each component involved have been
described in the prior chapter, Chapter Seven: section 7.2.1.3.

Different system configurations, different environmental parameters and combination of
components can give very economic results. Homer is an economic optimisation program it
searches through the available system configurations (defined in the “search space”) to find
the configuration that gives the economic optimum in terms of Net Present Cost (NPC) or in
terms of cost of output energy in cents/kWh (COE) (National Renewable Energy Laboratory,
2005).

Furthermore, through the simulation process HOMER can perform energy balance
calculations for each system configuration that we want to consider. Also, it determines
whether it can meet the electric demand under the given input conditions; estimates the
installed cost, operation the system over the lifetime of the project that has been specified
(National Renewable Energy Laboratory, 2005).

Finally, through the optimization process, all the possible system configurations given in the
“search space” can be obtained and in addition a sensitivity analysis performed whereby
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HOMER repeats the optimization process for each variable that has a sensitivity specified to
get a range of results (National Renewable Energy Laboratory, 2005).

To account for the natural variation in load profile random variability factors; day-to-day
variability and time-step-to-time-step variability can be set in the HOMER software.

8.2

HOMER Analysis: Grid-connected PV System

8.2.1 Simulation Results
Table 8-1 shows the simulation results for five selected study areas based on the energy
system modelling detailed in Chapter Seven: section 7.2.1 until 7.2.2.1. Daily load demand
and daily peak loads for the school (SK Matang as specified in Chapter Seven: Section 7.2.2)
were produced based on information of rainy and dry seasons in Malaysia provided by the
National meteorological station (Malaysian Meteorological Department, 2012) and also based
on the assumption that the total electricity used during the rainy and dry seasons have a low
variation of 5%. Meanwhile the average solar resources were derived from NASA’s official
website (National Aeronautics and Space Administration, 2012).

Table 8-1: Simulation Results: A Summary of the Daily Load Demand and Solar Resources
for the proposed Grid-connected Systems (Primary schools in the five studied areas)
Location

Average solar resource
2

(kWh/m /day)

a

Daily load

Daily peak load

demand (kWh/d)

(kW)

Selangor

5.03

143

44

Johor

4.6

147

46

Kelantan

4.77

149

38

Sabah

4.98

149

38

Sarawak

4.62

145

37

a*: Derived from NASA official website (NASA, 2012)

In this study, it was assumed that the hot seasons will use more electricity for cooling. From
the simulation results shown, it can be noted that the Kelantan and Sabah locations have the
highest daily load demand. This may be due to the rainy seasons (November and December)
in Kelantan and Sabah falling during school holidays. The change in the daily load demand
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among the five states, however, is only 4.2%, but a change in the daily peak load is quite high
at almost 25%.

8.2.2 Optimization Results

Table 8-2: Optimization Results: Summary of Initial Capital, LCOE and NPC
Location
Kelantan

PV

Conv

Initial

(kW)

(kW)

capital

140

50

USD 256,150/

160
Johor

150
145

Selangor

140
120

Sabah

Sarawak

160

50
50
50
50
50
50

160

55

160

50

140
RM= Malaysia Ringgit
Conv=Converter,

50

NPC

LCOE

RE frac

($/kWh)

%

-USD 101,798/

-USD 0.115/

96

RM768,450

-RM305,394

-RM0.345

USD 286,150/

-USD 101,630/

-USD 0.115/

RM858,450

-RM304,890

-RM0.345

USD 287,150/

-USD 86,260/

-USD 0.099/

RM861,450

-RM258,780

-RM0.297

USD 257,150/

-USD 85,655/

-USD 0.098/

RM771,450

-RM256,965

-RM0.294

USD 257,150/

-USD 91,936/

-USD 0.108/

RM771,450

-RM275,808

-RM0.324

USD 227,150/

-USD 89,912/

-USD 0.106/

RM681,450

-RM269,736

-RM0.318

USD 286,150/

-USD 138,808/

-USD 0.157/

RM858,450

-RM416,424

-RM0.471

USD 290,765/

-USD 136,591/

-USD 0.154/

RM872,295

-RM409,773

-RM0.462

USD 286,150/

-USD 102,084/

-USD 0.119/

RM858,450

-RM306,252

-RM0.357

USD 256,150/

-USD 99,255/

-USD 0.116/

RM768,450

-RM297,765

-RM0.348

97
96
95
92
91
98
98
97
97

USD= US Dollar (1 RM= 3 USD)

RE frac= RE fraction

Table 8-2 lists some of the viable system configurations for the proposed grid-connected PV
system for the primary schools in the five studied areas. The optimization process produced
many different system configurations in terms of PV panel and converter size and RE
fraction. However, only those that were cost competitive for LCOE and NPC were listed. It
can be noted the most cost effective system configuration for each area shows in the first row,
where a negative cost represent a profit as FiT is designed so that small profit can be obtained.
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Other than that, as the goal of the optimization process was to determine the optimal value of
each decision variable that interests the modeller (National Renewable Energy Laboratory,
2006b), we can see that the list of possible configurations that have been produced by
HOMER have different level of RE fraction, and as the school operates nearly 100% during
the day, the best configurations suggested by Homer involve a high contribution of RE
sources (more than 95%).

Kelantan
Selangor
Johor
Sarawak
Sabah
-0.2

-0.15

-0.1

-0.05

0

LCOE (US$/kWh)

Figure 8-1(a): Comparison of LCOE between the Five Studied Areas

Kelantan
Selangor
Johor
Sarawak
Sabah
-160,000

-140,000

-120,000

-100,000

-80,000

-60,000

-40,000

-20,000

NPC (US$)

Figure 8-1(b): Comparison of NPC between the Five Studied Areas
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The comparisons of LCOE and NPC among five chosen areas are as shown in Figures 8-1(a)
and 8-1(b). It can be seen that Sabah offers the most economical LCOE (US$-0.157/RM0.471 per kWh), followed by Sarawak, Kelantan, Selangor and lastly Johor. Meanwhile, NPC
varied between a minimum of –US$ 86,260 (-RM 258,780) for Johor state and a maximum of
–US$ 138,808 (-RM 409,773) for Sabah state.

8.2.3 Sensitivity Analysis Results
8.2.3.1 Economic Analysis
For the sensitivity analysis, HOMER performs multiple optimizations, each using a different
set of input assumptions to reveal how sensitive the outputs are to changes in the inputs
(National Renewable Energy Laboratory, 2006b). In this study a range of sensitivity variables
were chosen to explore the possible variation in economic viability of the proposed 20-year
life cycle grid-connected PV system:
i)

An initial investment of PV and converter cost ranging from 0 to 50% above the
best estimates (baseline) of initial investment. It was assumed that the high price
scenario occurs when the price of PV and the converter is 50% higher than the
baseline price (low price scenario).

ii)

PV panel installation slopes of 0° and 10° (facing south) were chosen.

iii)

The effect of annual interest rate on NPC and COE as the grid power price is
expected to increase and a FiT rate is expected to decrease within this 20-year
period. Three different real interest rates of 2.03%, 4% and 6% were entered into
HOMER programme. The annual real interest rate of 2.03% was chosen based on
the average real annual interest rate of Malaysia (10-year average) (The World
Bank, 2012b), meanwhile the annual real interest rate of 4% and 6% were chosen
to see how the results would change with interest rate.

The electricity tariff involved in this analysis includes two types: the purchase electricity tariff
from grid and the sellback rates (Fit). Current pricing and tariff imposed by the TNB for
commercial consumer are divided into three categories (Tenaga Nasional Berhad, 2012):
i)

Low Voltage Commercial Tariff-For Overall Monthly Consumption Between 0200 kWh/month,

ii)

Medium Voltage General Commercial Tariff, and

iii)

Medium Voltage Peak/Off-Peak Commercial Tariff
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In this study, it was assumed that the proposed grid connected PV system will supply a
demand at the overall monthly rate of 4,300 kWh, and thus fall in the category of “low
voltage commercial tariff” for overall monthly consumption of more than 200kwh/month with
the current-flat rates (June 2012) of RM 0.43/kWh (US$ 0.1433/kWh) (Tenaga Nasional
Berhad, 2012). Meanwhile, the current Feed-in Tariff (FiT) for solar PV for the installation of
24 kW and up to 72 kW offered by the GoM is RM 1.18/kWh (US$ 0.393/kWh).

In this economic analysis the NPC condenses all the costs and revenues that occur within the
project lifetime into one lump sum in today’s dollars, with future cash flows discounted back
to the present using the specified discount rate (National Renewable Energy Laboratory,
2006b). The analysis includes the costs of initial construction; component replacements,
maintenance and the cost of buying power from the grid, and it represent the life-cycle cost of
a system.

In addition, HOMER assumes that all prices rise at the same rate over the project lifetime
(National Renewable Energy Laboratory, 2006b), with that assumption, inflation can be
factored out of the analysis simply by using the real (inflation-adjusted) interest rate rather
than the nominal interest rate when discounting future cash flows to the present. Thus, the real
interest rate (which is roughly equal to the nominal interest rate minus the inflation rate) has
been entered into the programme. Hence, all costs in Homer are the actual cost, which means
that they are defined in terms of constant dollars (National Renewable Energy Laboratory,
2006b).

The NPC is calculated using the following equation (National Renewable Energy Laboratory,
2006b):

NPC ($) = TAC
CRF

where TAC is the total annualized cost ($), and CRF the recovery factor
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CRF = i (1+i)N
(1+i)N – 1

where N is the number of years, and i the annual interest rate (%).

Meanwhile, LCOE ($/kWh) is calculated by the following equation (NREL, 2006b):

LCOE = Cann,tot
E

where Cann,tot (TAC) is the total annualized cost ($), and E the total electricity consumption
(kWh/year).

Based on all the variable inputs and assumptions mentioned above, a summary of LCOEs and
NPCs for low price scenario (baseline price for PV) and high price scenarios (50% more
expensive than the baseline price) for the real interest rate of 2.03%, 4% and 6% are as
shown in Tables 8-3(a) to 8-3(c). Meanwhile, Figures 8-2(a) until 8-2(c) and Figures 8-3(a)
until 8-3(c) show the results of the LCOE and the NPC obtained.

Noted that the negative LCOEs mean that the system generates an income rather than an
energy cost per kWh. As can be seen in the tables shown overleaf (Tables 8-3(a) to 8-3(c)),
which summarize the results of LCOEs and NPCs, low price scenario for all states (Selangor,
Johor, Kelantan, Sabah and Sarawak) offer negative LCOEs and NPCs. This means that
profits can be generated from the low price scenario of the proposed system.
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Table 8-3(a): Summary of LCOE and NPC, the Real Interest Rate, i=2.0%
Location

PV
slope (°)

Johor

0°

Kelantan

Selangor

Sabah

LCOE
($/kWh)

USD 0.072/

USD 63,186/

-USD 0.072/

-USD 63,023/

RM0.216

RM189,558

-RM0.216

-RM189,069

Default
Lat
(2.45°)

USD 0.072/
RM0.216

USD 63,395/
RM190,185

-USD 0.072/
-RM0.216

-USD 62,829/
-RM188,487

10°

USD 0.076/

USD 66,519/

-USD 0.069/

-USD 60,225/

RM0.228

RM199,557

-RM0.207

-RM180,675

USD 0.052/

USD 46,542/

-USD 0.089/

-USD 79,239/

RM0.156

RM139,626

-RM0.267

-RM237,717

Default
Lat
(5.25°)

USD 0.053/
RM0.159

USD 46,810/
RM140,430

-USD 0.089/
-RM0.267

10°

USD 0.055/

USD 49,029/

-USD 0.087/

-USD 77,084/

RM0.165

RM147,087

-RM0.261

-RM231,252

-USD 0.040/

-USD 33,730/

-USD 0.170/

-USD 144,545/

-RM0.120

-RM101,190

-RM0.510

-RM433,635

Default
Lat
(2.9°)

-USD 0.040/
-RM0.120

-USD 33,921/
-RM101,763

-USD 0.170/
-RM0.510

-USD 144,818/
-RM434,454

10°

-USD 0.038/

-USD 31,941/

-USD 0.168/

-USD 143,142/

-RM0.114

-RM95,823

-RM0.504

-RM429,426

USD 0.016/

USD 14,024/

-USD 0.129/

USD 144,025/

RM0.048

RM42,072

-RM0.387

RM432,075

USD 14,472/
RM43,416

-USD 0.128/
-RM0.384

-USD 113,651/
-RM340,953

USD 0.019/

USD 16,665/

-USD 0.126/

-USD 111,662/

RM0.057

RM49,995

-RM0.378

-RM334,986

USD 0.024/

USD 21,006/

-USD 0.119/

-USD 102,533/

RM0.072

RM63,018

-RM0.357

-RM307,599

USD 21,204/
RM63,612

-USD 0.119/
-RM0.357

-USD 102,354/
-RM307,062

USD 0.028/

USD 24,505/

-USD 0.115/

-USD 99,206/

RM0.084

RM73,515

-RM0.345

-RM297,618

0°

0°

0°

10°
0°
Default
Lat
(1.48°)
10°
RM= Malaysia Ringgit

LCOE
($/kWh)

Low price scenario

NPC ($)

Default
Lat
(5.25°)

Sarawak

High price scenario

USD 0.016/
RM0.048

USD 0.025/
RM0.075

NPC ($)

-USD 78,972/
-RM236,916

USD= US Dollar (1 RM= 3 USD)

* Defaults to latitude of each selected location
* High price scenario refers to the price of PV and converter is 50% more expensive than the baseline (current)
price
* Low price scenario when PV and converter have the current (baseline) price
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Table 8-3(b): Summary of LCOE and NPC, the Real Interest Rate, i= 4%
Location

PV slope
(°)

Johor

0°

NPC ($)

LCOE
($/kWh)

USD 0.148/

USD 107,737/

-USD 0.013/

-USD 9,445/

RM0.444

RM323,211

-RM0.039

-RM28,335

USD 0.148/

USD 107,950/

-USD 0.013/

-USD 9,283

RM0.444

RM323,850

-RM0.039

-RM27,849

USD 0.152/

USD 110,822/

-USD 0.010/

-USD 7,112/

RM0.456

RM332,466

-RM0.030

-RM21,336

USD 0.127/

USD 93,690/

-USD 0.031/

-USD 23,180/

RM0.381

RM281,070

-RM0.093

-RM69,540

USD 0.127/

USD 93,992/

-USD 0.031/

-USD 22,956/

RM0.381

RM281,976

-RM0.093

-RM68,868

USD 0.130/

USD 95,930/

-USD 0.029/

-USD 21,331/

RM0.390

RM287,790

-RM0.087

-RM63,993

0°

USD 0.022/

USD 15,769/

-USD 0.116/

-USD 82,414/

Default

RM0.066
USD 0.022/
RM0.066

RM47,307
USD 15,531/
RM46,593

-RM0.348
-USD 0.116/
-RM0.348

-RM247,242
-USD 82,618/
-RM247,854

USD 0.024/
RM0.072

USD 17,039/
RM51,117

-USD 0.115/
-RM0.345

-USD 81,221/

USD 0.090/

USD 66,417/

-USD 0.071/

-USD 52,124/

RM0.270

RM199,251

-RM0.213

-RM156,372

USD 0.090/

USD 66,852/

-USD 0.071/

-USD 51,812/

RM0.270

RM200,556

-RM0.213

-RM155,436

USD 0.093/

USD 68,845/

-USD 0.068/

-USD 50,154/

RM0.279

RM206,535

-RM0.204

-RM150,462

USD 0.093/

USD 66,946/

-USD 0.062/

-USD 44,465/

RM0.279

RM200,838

-RM0.186

-RM133,395

USD 0.093/

USD 67,111/

-USD 0.062/

-USD 44,301/

RM0.279

RM201,333

-RM0.186

-RM132,903

USD 0.098/

USD 70,232/

-USD 0.058/

-USD 41,549/

RM0.294

RM210,696

-RM0.174

-RM124,647

Lat (2.45°)
10°
0°
Default
Lat (5.25°)
10°

Selangor

Lat (2.9°)
10°
Sabah

0°
Default
Lat (5.25°)
10°

Sarawak

Low price scenario

LCOE
($/kWh)

Default

Kelantan

High price scenario

0°
Default
Lat (1.48°)
10°

RM= Malaysia Ringgit

NPC ($)

-RM243,663

USD= US Dollar (1 RM= 3 USD)

* Defaults to latitude of each selected location
* High price scenario refers to the price of PV and converter is 50% more expensive than the baseline (current)
price
* Low price scenario when PV and converter have the current (baseline) price
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Table 8-3(c): Summary of LCOE and NPC, the Real Interest Rate, i= 6%
Location

PV slope
(°)

Johor

0°

Sabah

Sarawak

NPC ($)

LCOE
($/kWh)

NPC ($)

USD 119,791/

USD 0.045

USD 27,613

RM0.585
USD 0.195/
RM0.585

RM359,373
USD 119,805/
RM359,415

RM0.135
USD 0.045/
RM0.135

RM82,839
USD 27,613/
RM82,839

USD 0.195/

USD 120,040/

USD 0.049/

USD 29,959/

RM0.585

RM360,120

RM0.147

RM89,877

USD 0.191/

USD 118,880/

USD 0.025/

USD 15,608/

RM0.573

RM356,640

RM0.075

RM46,824

Default
Lat
(5.25°)

USD 0.191/
RM0.573

USD 118,900/
RM356,700

USD 0.025/
RM0.075

USD 15,797/
RM47,391

10°

USD 0.191/

USD 119,057/

USD 0.028/

USD 17,358/

RM0.573

RM357,171

RM0.084

RM52,074

USD 0.084/

USD 50,054/

-USD 0.065/

-USD 38,909/

RM0.252

RM150,162

-RM0.195

-RM116,727

Default
Lat
(2.9°)

USD 0.083/
RM0.249

USD 49,853/
RM149,559

-USD 0.065/
-RM0.195

-USD 39,044/
-RM117,132

10°

USD 0.085/
RM0.255

USD 51,126/
RM153,378

-USD 0.063/
-RM0.189

-USD 37,651/
-RM112,953

0°

USD 0.163/

USD 101,791/

-USD 0.012/

-USD 7,268/

RM0.489

RM305,373

-RM0.036

-RM21,804

Default
Lat
(5.25°)

USD 0.164/
RM0.492

USD 102,158/
RM306,474

-USD 0.011/
-RM0.033

-USD 6,953/
-RM20,859

10°

USD 0.166/

USD 103,840/

-USD 0.009/

-USD 5,410/

RM0.498

RM311,520

-RM0.027

-RM16,230

USD 0.155/

USD 94,146/

-USD 0.004/

-USD 2,356/

RM0.465

RM282,438

-RM0.012

-RM7,068

Default
Lat
(1.48°)

USD 0.155/
RM0.465

USD 94,255/
RM282,765

-USD 0.004/
-RM0.012

-USD 2,217/
-RM6,651

10°

USD 0.159/

USD 96,696/

USD 0.000/

USD 106/

RM0.477

RM290,088

RM0.000

RM318

10°

Selangor

LCOE
($/kWh)

Low price scenario

USD 0.195/

Default
Lat
(2.45°)

Kelantan

High price scenario

0°

0°

0°

RM= Malaysia Ringgit
USD= US Dollar (1 RM= 3 USD)
* Defaults to latitude of each selected location
* High price scenario refers to the price of PV and converter is 50% more expensive than the baseline (current)
price
* Low price scenario when PV and converter have the current (baseline) price
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0.100
0.050

LCOE (USD)

0.000
-0.050
-0.100
-0.150
-0.200
-0.250

Sabah

Sarawak

Kelantan

Johor

Selangor

Low price

-0.129

-0.119

-0.089

-0.072

-0.170

High price

0.016

0.024

0.052

0.072

-0.040

*Low price= Low price scenario

*High price= High price scenario

Figure 8-2(a): LCOE Comparison, i=2.03%

0.200
0.150

LCOE (USD)

0.100
0.050
0.000
-0.050
-0.100
-0.150

Sabah

Sarawak

Kelantan

Johor

Selangor

Low price

-0.071

-0.062

-0.031

-0.013

-0.116

High price

0.090

0.093

0.127

0.148

0.022

*Low price= Low price scenario

*High price= High price scenario

Figure 8-2(b): LCOE Comparison, i=4.00%
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0.250
0.200

LCOE (USD)

0.150
0.100
0.050
0.000
-0.050
-0.100

Sabah

Sarawak

Kelantan

Johor

Selangor

Low price

-0.012

-0.004

0.025

0.045

-0.065

High price

0.163

0.155

0.191

0.195

0.084

*Low price= Low price scenario

*High price= High price scenario

Figure 8-2(c): LCOE Comparison, i=6.00%

As shown in Figures 8-2(a) to 8-2(c), and Figures 8-3(a) to 8-3(c) for the proposed gridconnected PV system of 24 kW and up to 72 kW, the proposed systems generate incomes for
the schools under the low price scenarios (as they offer negative LCOEs and NPCs).
Furthermore, it can be noted that:
i)

For the real interest rate of 2.03% and 4%, LCOE and NPC from the lowest to the
highest is found to be in the order of: Selangor, Sabah, Sarawak, Kelantan and
Johor for both high price and low price scenario,

ii)

For the real interest rate of 6%, LCOE from the lowest to the highest is found to be
in the order of: Selangor, Sabah, Sarawak, Kelantan and Johor for the low price
scenario,

iii)

For the real interest rate of 6%, for the high price scenario, Selangor offers the
lowest LCOE, followed by Sarawak, Sabah, Kelantan, and lastly Johor, and

iv)

For the real interest rate of 6%, the most economic to the less economic of NPC is
in the order of: Selangor, Sarawak, Sabah, Kelantan and Johor for high price
scenario.

v)

For the real interest rate of 6%, the most economic to the less economic of NPC is
in the order of: Selangor, Sabah, Sarawak, Kelantan and Johor for low price
scenario.
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100,000

NPC (USD)

50,000
0
-50,000
-100,000
-150,000
-200,000

Sabah

Sarawak

Kelantan

Johor

Selangor

Low price

-114,025

-102,533

-79,239

-63,023

-144,545

High price

14,024

21,006

46,542

63,186

-33,730

*Low price= Low price scenario

*High price= High price scenario

Figure 8-3(a): NPC Comparison, i=2.03%
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Figure 8-3(b): NPC Comparison, i=4.00%
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*High price= High price scenario

Figure 8-3(c): NPC Comparison, i=6.00%

Overall, it is notable that for this proposed grid-connected PV system; Selangor offers the
most economic configuration, whereas the less economic configuration is offered by Johor.
The analysis also shows that both LCOE and NPC remain negative for interest rates of 4%,
which is significantly higher than the 10-year Malaysian annual average rate (2.03%).

Furthermore, looking at the effect of solar radiation on the cost of both high price scenario
and low price scenario, taking annual interest rate of 6% as an example, there are good linear
correlations between the solar irradiation and NPC; the higher the solar irradiation produced
the more economic NPC, as can be seen from Figures 8-4(a) and 8-4(b).
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Figure 8-4(a): Low price scenario
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Figure 8-4(b): High price scenario

Figure 8-4: The Relationship between NPC and Solar Radiation for High Price Scenario and
Low Price Scenario (Annual Real Interest Rate of 6%).

8.2.3.2 Environmental Analysis
The annual carbon dioxide (CO2) emissions analysis is another important criterion to be
analysed. This section presents the environmental analysis results based on detailed described
in Chapter Seven: Section 7.3.

From this study, the analysis has proved that from the proposed system a minimum of 40
tonnes of CO2 per year can be avoided. Figure 8-5 compares the CO2 emissions with the total
annual mean daily solar radiation, by taking high price scenario and annual real interest rate
of 6% as an example. From the figure shown, it can be noted that the CO2 emissions profile is
consistent with the opposite order of solar radiation, especially for the state of Sabah, Sarawak
and Kelantan. Furthermore, it can be assumed that the higher solar radiation value will result
the least the CO2 emissions (due to the system produce more electricity from RE).
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Figure 8-5: The Relationship between CO2 Emissions and Annual Mean Daily Solar
Radiation (High Price Scenario, Annual Real Interest 6%)

8.3

HOMER Analysis: Stand-alone hybrid/diesel PV System

8.3.1 Simulation Results
This section presents the simulation results that were carried out based on the energy system
modelling loads detailed in Chapter Seven: section 7.2.1 to 7.2.1.3 and 7.2.2.2.
Table 8-4 summarizes the simulation results for proposed stand-alone hybrid PV system for
five chosen areas. It can be noted that all proposed locations have the same the daily peak
load demand of 19 kW, for the total daily load demand however, due to different rainy and
hot seasons experienced among them, the electricity consumption varied slightly between a
minimum of 141 kWh per day (Selangor) and a maximum of 145 kWh per day (Johor).
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Table 8-4: Simulation Results: Summary of Daily Load Demand and Average Solar
Resources For the Five Areas
Location

Average solar resource
2

(kWh/m /day)

a

Daily load

Daily peak load

demand (kWh/d)

(kW)

Selangor

5.03

141

19

Johor

4.6

145

19

Kelantan

4.77

143

19

Sabah

4.98

143

19

Sarawak

4.62

143

19

a*: Derived from NASA official website (National Aeronautics and Space Administration, 2012)

8.3.2 Optimization Results

Table 8-5: Optimization Results: List of the Feasible Configurations According to
NPC and LCOE, Cost of Diesel = US$0.56 (see below 8.3.3.1)
Location

Kelantan

PV

Gen

Battery

Converter

(kW)

(kW)

Qty

(kW)

22

4

18

6

18
Johor

25
20

Selangor

15
14

Sabah

Sarawak

25

4

4.5

19

4

25

4
8

6
5

15

8

8

RM= Malaysia Ringgit

4

8

18

18

113

9

4
4

17

7
7

19

7
5

USD= US Dollar (1 RM= 3 USD)

($/kWh)

RE
frac
%

USD 212,411/

USD 0.267//

51

RM637,233

RM0.801

USD 258,642/

USD 0.315/

RM775,926

RM0.945

USD 218,903/

USD 0.272/

RM656,709

RM0.816

USD 245,466/

USD 0.301/

RM736,398

RM0.903

USD 206,777/

USD 0.264/

RM620,331

RM0.792

USD 234,765/

USD 0.295/

RM704,295

RM0.885

USD 213,314/

USD 0.269/

RM639,942

RM0.807

USD 219,390/

USD 0.273/

RM658,170

RM0.819

USD 219,308/

USD 0.275/

RM657,924

RM0.825

USD 241,931/

USD 0.301/

RM725,793

RM0.903

NPC

LCOE

37
53
40
40
34
56
41
56
37
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Table 8-5 lists some of the feasible system configurations for the proposed stand-alone
hybrid/diesel PV systems. It can be seen that unlike the proposed grid-connected PV system
for schools where the systems generate an income, the off grid hybrid systems all have a
positive cost of energy.

The first row for each state represents the most cost effective configuration which consists of
PV-generator-battery-converter system. The NPC offered differ from a minimum of US$
206,777 (RM 620,331) for the state of Selangor to a maximum of US$ 219,308 (RM 658,170)
for the state of Sarawak.

Meanwhile the second row represent the second most effective configuration, consists of PVgenerator-converter system. The NPC offered varied between a minimum of US$ 219,390
(RM 658,170) for Sabah and a maximum of US$ 258,642 (RM 775,926) for Kelantan, as can
be seen in Figure 8-6.

300,000
250,000

NPC (USD)

200,000
150,000
100,000
50,000
0
PV-gen-bat-conv

Selangor
206,777

Johor
218,903

Kelantan
212,411

Sarawak
219,308

Sabah
213,314

PV-gen-conv

234,765

245,466

258,642

241,931

219,390

* gen= generator, bat= battery, and conv= converter

Figure 8-6: NPC Comparison

In terms of LCOE, for the stand-alone hybrid/diesel PV system, Selangor offered the most
economic LCOE, followed by Kelantan, Sabah, Johor and Sarawak. For the stand-alone
hybrid/diesel without battery on the other hand, Sabah offered the cheapest COE, followed by
Selangor, Sarawak and Johor, and lastly Kelantan as shown in Figure 8-7.
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0.280
0.270
0.260
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PV-gen-bat-conv
PV-gen-conv

Selangor
0.264

Johor
0.272

Kelantan
0.267

Sarawak
0.275

Sabah
0.269

0.295

0.301

0.315

0.301

0.273

* gen= generator, bat= battery, and conv= converter

Figure 8-7: LCOE Comparison

8.3.3 Sensitivity Analysis Results
8.3.3.1

Economic Analysis

Out of five chosen areas, the state of Selangor and Kelantan which offered the most and the
less economic of LCOEs and NPCs, were chosen for sensitivity analysis. Furthermore, from
the optimized results, it is cleared that only a small variation occurred between five chosen
states, hence, this section concentrates on the system type in finding the most cost effective
configuration.

For this proposed 20-year life stand-alone hybrid PV system, the chosen of sensitivity
variables to explore the wider range of results are as follows:

i)

An initial investment of PV and generator ranging from 0 to 50% above the best
estimates of initial investment. It was assumed that the high price scenario occurs
when the price of these components is 50% higher than the best estimate (low
price scenario).

ii)

Two different current diesel prices; US$ 0.56/litre and US$ 2.33/litre were used in
this analysis. The diesel price of US$0.56/litre (RM1.75/litre) was chosen as the
latest diesel price in Malaysia is RM 1.75/litre in non-remote areas (Trading
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economics, 2012). Meanwhile a high diesel price of US$2.33/litre (RM7.00/litre)
was chosen as a likely high price of diesel in remote rural areas (Lau et al., 2010).

This analysis not only compares the results LCOE and NPC when diesel prices rise, but also
compares the results obtained for the system without generator (PV + bat). Here it can be seen
that the prices of PV without a generator system (PV + bat) are not affected by the increase in
diesel prices.

350,000
300,000

NPC (USD)

250,000
200,000
150,000
100,000
50,000
0

High price

Low price

High price

PV+gen+bat

Low price
PV+bat

Selangor

233,460

211,883

310,024

265,024

Kelantan

234,436

212,837

316,905

271,905

* gen= generator, bat= battery

Figure 8-8(a): NPC Comparison, (Diesel=US$0.56/litre)
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400,000
350,000

NPC (USD)

300,000
250,000
200,000
150,000
100,000
50,000
0

High price

Low price

High price

PV+gen+bat

Low price
PV+bat

Selangor

369,673

323,554

310,024

265,024

Kelantan

376,389

330,133

316,905

271,905

* gen= generator, bat= battery

Figure 8-8(b): NPC Comparison, (Diesel=US$2.33/litre)

As can been seen in Figures 8-8(a) and 8-8(b), the sensitivity analysis results for the total
NPC of both stand-alone with and without generators PV system show the following:
i) The total NPC for 20-year life cycle offered by Selangor is slightly lower than
Kelantan for both stand-alone and stand-alone hybrid/diesel PV systems.
ii) In terms of PV system type, the stand-alone hybrid PV/diesel is more economic in
terms of NPC compared to stand-alone PV systems for diesel price of US$ 0.56 (RM
1.75) per litre.
iii) However when the cost of diesel is raised to US$ 2.33 (RM 7.00) per litre. As in
remote areas the situation reverses with the system with no diesel generator becoming
preferable both in terms of NPC and LCOE.

Meanwhile, Figures 8-9(a) and 8-9(b) show the LCOE comparison from the sensitivity
analysis results. The overall results can be summed up as follows:
i) The LCOE offered by Selangor is slightly lower than Kelantan for both stand-alone
and stand-alone hybrid/diesel PV systems.
ii) In terms of PV system type, stand-alone hybrid PV/diesel offers more cost-effective of
LCOE compared to stand-alone PV systems for diesel price of US$ 0.56 (RM 1.75)
per litre.
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iii) Note that, when the price of diesel is US$ 0.56 (RM 1.75) per litre, LCOE offered by
the Selangor is US$ 0.296 (RM 0.0888), and when the price of diesel is US$ 2.33 (RM
7.00), LCOE offered by the Selangor is US$ 0.45 (RM 1.35), which is about 50%
dearer.

0.450
0.400

LCOE (USD/kWh)

0.350
0.300
0.250
0.200
0.150
0.100
0.050
0.000

High price

Low price

High price

PV+gen+bat

Low price
PV+bat

Selangor

0.296

0.269

0.395

0.338

Kelantan

0.298

0.271

0.404

0.347

* gen= generator, bat= battery

Figure 8-9(a): LCOE Comparison, Diesel=US$0.56/litre
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0.395
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0.403

0.404

0.347

* gen= generator, bat= battery

Figure 8-9(b): COE Comparison, Diesel=US$2.33/litre
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The Summary of the results of LCOE and NPC obtained from this analysis are as shown in
Tables 8-6(a) and 8-6(b). As can be seen with the higher cost diesel prices in remote areas, PV
systems which do not incorporate a diesel generator sets become the preferable option.

Table 8-6(a): Summary of Overall Results of the NPC and LCOE (Diesel=US$0.56/Litre)
Location

System
Type

LCOE
Max

NPC
Min

Max

Initial Capital
Min

Max

Min

Diesel=US$0.56/litre
Standalone
USD 0.296/
hybrid/
diesel
RM0.888
Selangor
PV
StandUSD 0.395/
alone
PV
RM1.185
Standalone
USD 0.298/
hybrid/
diesel
RM0.894
Kelantan
PV
StandUSD 0.404/
alone
PV
RM1.212
RM= Malaysia Ringgit

USD 0.269/

USD 233,460/

USD 211,883/

USD 86,005/

USD 69,005/

RM0.807

RM700,380

RM635,649

RM258,015

RM207,015

USD 0.338/

USD 310,024/

USD 265,024/

USD 234,230/

USD 189,230/

RM1.014

RM930,072

RM795,072

RM702,690

RM567,690

USD 0.271/

USD 234,436/

USD 212,837/

USD 86,005/

USD 69,005/

RM0.813

RM703,308

RM638,511

RM258,015

RM207,015

USD 0.347/

USD 316,905/

USD 271,905/

USD 238,015/

USD 193,015/

RM714,045

RM579,045

RM1.041
RM950,715
RM815,715
USD= US Dollar (1 RM= 3 USD)

Table 8-6(b): Summary of Overall Results of the NPC and LCOE (Diesel=US$2.33/Litre)
Location

System
Type

LCOE
Max

NPC
Min

Max

Initial Capital
Min

Max

Min

Diesel=US$2.33/litre

Selangor

Kelantan

Standalone
hybrid/
diesel
PV
Standalone
PV
Standalone
hybrid/
diesel
PV
Standalone
PV

USD
0.450/
RM1.350
USD
0.395/
RM1.185
USD
0.460/
RM1.380
USD
0.404/
RM1.212

RM= Malaysia Ringgit
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USD 0.394/

USD 369,673/

USD 323,554/

USD 244,800/

USD 198,800/

RM1.182

RM1,109,019

RM970,662

RM734,400

RM596,400

USD 0.338/

USD 310,024/

USD 265,024/

USD 234,230/

USD 189,230/

RM1.014

RM930,072

RM795,072

RM702,690

RM567,690

USD 0.403/

USD 376,389/

USD 316,905/

USD 244,800/

USD 198,800/

RM1.209

RM1,129,167

RM950,715

RM734,400

RM596,400

USD 0.347/

USD 316,905/

USD 271,905/

USD 238,015/

USD 193,015/

RM1.041

RM950,715

RM815,715

RM714,045

RM579,045

USD= US Dollar (1 RM= 3 USD)
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Environmental Analysis

From this proposed stand-alone hybrid/diesel PV system. The analysis showed a minimum of
2,750 kg of CO2 per year when diesel price is US$2.33 (RM7.00), and a minimum of 26,300
kg of CO2 per year can be avoided.

3,250

26,550

Kelantan

3,200
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3,100
3,050
3,000
2,950
2,900
2,850

Selangor

2,800
Selangor

26,250
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4.8

4.9
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Annual mean solar radiation (kWh/m2/day)

Diesel = US$0.56/litre

2,750
5.1

4.7

4.8

4.9

5

5.1

Annual mean solar radiation (kWh/m2/day)

Diesel = US$2.33/litre

Figure 8-10: The Relationship between CO2 Emissions and Solar Radiation
Figure 8-10 shows the relationship between CO2 emissions and annual mean daily solar
radiation. The graph shows that CO2 produced profile has an inverse relation to annual mean
solar radiation. In addition, it can be seen that cheaper diesel price causes more CO2
emissions. Overall, that it can be concluded that the higher solar radiation will lead to
reduction of CO2 emissions, this is due to the PV system will produce more electricity from
RE.

8.3.4 Approximate Areas Needed
In this study, for the proposed stand-alone hybrid/diesel PV system, the HOMER analysis
results showed that the Selangor offered the most cost effective of NPC and COE. To install
this system with the configuration of 20 kW PV panels, 4 kW generator and 20 units of
Surrette 4K25P batteries, the calculation of area needed as follows:
 Area needed to place PV arrays:
 1.956m x 9.9m (L x W) x 20 (Wholesale Solar, 2012)
120

The Viability of Solar PV in Malaysia

Chapter Eight

= 309m2
 Area needed to place batteries:
Dimensions (L x W) of Surrette 4K25P battery is 40cm x 27cm (Wholesale Solar,
2012)
20 x 0.4 x 0.27 = 2.2m2
 Area needed to place 4 kW generator: 2.5m x 2m (assumption)= 5m2
Therefore, the approximate area of 320m2 is needed.

8.4

Discussion of the Future Viability of PV: The Cost Reduction of PV

Generation
For this analysis, a range of sensitivity variables were chosen to explore the viability of solar
PV in the future are as follows:
i)

An initial PV modules cost ranging from 20% to 45% below the current best
estimates. It was assumed that the year (2012) is the baseline where the reduction
in the price of PV modules is 0%, and over the next 10 years (future), the price of
PV modules will be reduced by a total of 45%.

ii)

The efficiencies of PV modules improve from 13% (2012) to 20% (future).

iii)

An annual interest rate of 2.03% (10-year average) (The World Bank, 2012).

iv)

Two different of grid electricity prices; US$ 0.143/kWh (baseline-current tariff)
and US$ 0.286/kWh (future). It was assumed that over the next 10 years the tariff
could increase by 100% from the baseline.

v)

Four different of diesel prices; US$ 0.56/litre and US$ 2.33 for baseline and US$
1.12/litre and US$ 4.66/litre for future. It was assumed that over the next 10 years,
the diesel prices could increase by 100% from the baseline.

Based on all the above input variables, the summary results of NPCs and LCOEs are divided
into two scenarios.
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For grid-connected PV systems:
i) Scenario (a) refers to the current (baseline) scenario, where the tariff for grid
electricity is US$ 0.143/kWh, efficiency of PV modules is 13% and PV modules price
have 0% reduction.
ii) Scenario (b) refers to the scenario of the future (next 10 years), where the tariff for
grid electricity is US$ 0.286/kWh, efficiency of PV modules is 20% and PV modules
have a 45% price reduction.

For stand-alone hybrid PV systems:
i) Scenario (c0) and Scenario (c1) refer to the current (baseline) scenario, where the
diesel prices are US$ 0.56/litre in non-remote areas and US$ 2.33/litre in remote areas,
efficiency of PV modules is 13% and PV modules price have a 0% reduction.
ii) Scenario (d0) and Scenario (d1) refer to the scenario of the future (next 10 years),
where the diesel prices are both doubled to US$ 1.12/litre in non-remote areas and
US$ 4.66/litre in remote areas, efficiency of PV modules is 20% and PV modules
price have a 45% reduction.
iii) Scenario (c2) and Scenario (d2) refer to the current (2012) and future scenario (next 10
years) for stand-alone without generators PV system and efficiency of PV modules is
20% and PV modules price have a 45% reduction.

8.4.1 Future Reductions of the Proposed Grid-connected PV System
As discussed in section 8.2 until section 8.2.3.1, the economic analysis of the proposed 20year life cycle grid-connected PV system for primary schools in Malaysia have been carried
out on five selected areas. From the results obtained, Selangor offers the most economic
configuration, whereas the least economic is offered by Johor.

To examine the viability of these proposed systems in the future, Selangor and Johor were
chosen for further analysis to explore the effect of increasing in the PV module efficiency and
the impact of a reduction in the PV modules price on NPC and LCOE. Detailed HOMER
results are given in Appendix A.
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Figure 8-11: The Comparison of Current (2012) and Future NPC

As shown in Figure 8-11 and 8-12, it can be seen that the reductions in the future price of PV
modules contributes to substantial reductions in the NPC (i.e. an increase in profits) and a
lower LCOE (i.e. an increase in the profit for each kWh). For the next 10 years, Selangor
offers a reduction of about 170% and Johor offers a reduction of about 230% in the NPC and
LCOE, thus an increase in profit by the same amounts.
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Figure 8-12: The Comparison of Current (2012) and Future LCOE
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8.4.2 Future Reductions of the Proposed Stand-alone Hybrid PV System
This section presents the results of HOMER analysis to examine the viability of the proposed
of 20 years life cycle stand-alone PV hybrid system that was carried out in the previous
section (section 8.3 up to 8.3.3.1), which the results have shown that the Selangor and
Kelantan offer the most economic configuration and the least economic configuration
respectively.

Figures 8-13 until 8-15 show the results of analysis to explore the effect of increasing the PV
modules efficiency and the impact of a reduction in the PV modules price on NPC and LCOE
in the future, the analysis has been carried out on Selangor and Kelantan. Detailed HOMER
results are given in Appendix B.

Stand-alone hybrid/diesel PV system
(Non-remote Areas, Diesel=US$0.56/litre and US$1.12/litre)
280,000

NPC (US$)

275,000
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245,000
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Kelantan

Scenario (c0)

275,346

278,320

Scenario (d0)

256,198

265,088

*Scenario (c0) = Current (2012), *Scenario (d0) = Future (next 10 years)

Figure 8-13(a): The Comparison of Current and Future NPC,
Diesel prices=US$ 0.56 (2012) and US$ 1.12 per litre (future)
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Stand-alone hybrid/diesel PV system
(Non-remote Areas, Diesel=US$0.56/litre and US$1.12/litre)
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Figure 8-13(b): The Comparison of Current and Future LCOE,
Diesel prices=US$ 0.56 (2012) and US$ 1.12 per litre (future)

Stand-alone hybrid/diesel PV system
(Remote Areas, Diesel=US$2.33/litre and US$4.66/litre)
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310,000
300,000
290,000
280,000

Selangor

Kelantan

Scenario (c1)

339,687

347,798

Scenario (d1)

307,136

313,353

*Scenario (c1) = Current (2012), *Scenario (d1) = Future (next 10 years)

Figure 8-14(a): The Comparison of Current and Future NPC,
Diesel prices=US$ 2.33 (2012) and US$ 4.66 per litre (future)
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LCOE

Stand-alone hybrid/diesel PV system
(Remote Areas, Diesel=US$2.33/litre and US$4.66/litre)
0.440
0.430
0.420
0.410
0.400
0.390
0.380
0.370
0.360
0.350
0.340
0.330

Selangor

Kelantan

Scenario (c1)

0.414

0.426

Scenario (d1)

0.368

0.375

*Scenario (c1) = Current (2012), *Scenario (d1) = Future (next 10 years)

Figure 8-14(b): The Comparison of Current and Future LCOE,
Diesel prices=US$ 2.33 (2012) and US$ 4.66 per litre (future)

As can be seen in the Figures 8-13 until 8-14, it can be noted that the reduction in the price of
PV modules has contributed to a small reduction in the NPC and LCOE. For the diesel prices
of US$ 0.56 and US$ 1.12 per litre, Selangor and Johor offer of about 5%-7%. For diesel
prices of US$ 2.33 and US$ 4.66 per litre on the other hand, the reduction offered by Selangor
and Kelantan was slightly higher, between 9%-10%.

Analysis of the stand-alone PV system with no generator sets was obviously not affected by
the price of diesel. This system offered a high reduction of NPC and LCOE over the next 10
years.
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Stand-alone PV System (NPC)
350,000
300,000
NPC (US$)

250,000
200,000
150,000
100,000
50,000
0

Selangor

Kelantan

Scenario (c2)

281,687

292,640

Scenario (d2)

231,759

283,640

*Scenario (c2) = Current (2012), *Scenario (d2) = Future (next 10 years)

Figure 8-15(a): The Comparison of Current (2012) and Future NPC for Stand-Alone Without
Generators PV System

As can be seen in Figure 8-15(a) and 8-15(b), Selangor gives a reduction of about 18% for
both NPC and LCOE. Kelantan however, gives a reduction of about 18% only for LCOE but
offers a small reduction of 3% for NPC.

Stand-alone PV System (LCOE)
0.400
0.350
LCOE (US$)

0.300
0.250
0.200
0.150
0.100
0.050
0.000

Selangor

Kelantan

Scenario (c2)

0.359

0.370

Scenario (d2)

0.293

0.302

*Scenario (c2) = Current (2012), *Scenario (d2) = Future (next 10 years)

Figure 8-15(b): The Comparison of Current (2012) and Future LCOE for Stand-Alone
Without Generators PV System
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8.4.3 Summary of Discussion
The overall summary of the LCOE and the NPC results obtained from this analysis are given
in Tables 8-7(a) until 8-7(c). It is found that among the proposed PV systems (grid connect,
stand alone with and without diesel generator sets), the grid-connected PV systems offers the
most profitable NPC and LCOE, but these systems require the highest initial capital cost. In
this case the systems actually generate a substantial income rather than incurring costs for non
grid connect systems those in remote areas, the stand-alone PV systems with no generator sets
offer the best economic benefits in terms of NPC and LCOE over those systems with
generator sets. However, they also require a higher initial capital to install the systems.

Table 8-7(a): Lists the Possible Reductions of the NPC and LCOE for the Viability of GridConnected PV System in the Future
LCOE
Location

Current

NPC
Future

Current

Initial Capital
Future

Current

Future

Grid-connected PV System
Selangor

Johor

-USD 0.070/
-RM0.210

-USD 0.191/
-RM0.573

-USD 59,870/
-RM179,610

-USD 162,820/
-RM488,460

USD 257,150/
RM771,450

USD 187,400/
RM562,200

-USD 0.055/
-RM0.165

-USD 0.184/
-RM0.552

-USD 48,039/
-RM144,117

-USD 160,772/
-RM482,316

USD 260,333/
RM780,999

USD 204,333/
RM612,999

RM= Malaysia Ringgit

USD= US Dollar (1 RM= 3 USD)

Table 8-7(b): Lists the Possible Reductions of the NPC and LCOE for the Viability of StandAlone PV System in the Future (without generators)
LCOE
Location

Current

NPC
Future

Current

Initial Capital
Future

Current

Future

Stand-alone PV System (Without Gen sets)
Selangor

Kelantan

USD 0.359/

USD 0.293/

USD 281,687/

USD 231,759/

USD 193,015/

USD 150,905/

RM1.077

RM0.879

RM845,061

RM695,277

RM579,045

RM452,715

USD 0.370/
RM1.110

USD 0.302/
RM0.906

USD 292,640/
RM877,920

USD 283,640/
RM850,920

USD 207,905/
RM623,715

USD 153,905/
RM461,715

RM= Malaysia Ringgit USD= US Dollar (1 RM= 3 USD)
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Table 8-7(c): Lists the Possible Reductions of the NPC and LCOE for the Viability of StandAlone Hybrid/Diesel PV System in the Future
LCOE
Location

Current

NPC
Future

Current

Initial Capital
Future

Current

Future

USD
256,198/
RM768,594
USD
265,088/

USD
168,580/
RM505,740
USD
172,350/

USD
120,510/
RM361,530
USD
128,065/

RM795,264
USD
307,136/

RM517,050
USD
193,015/

RM384,195
USD
182,355/

RM921,408
USD
313,353/

RM579,045
USD
198,800/

RM547,065
USD
191,300/

RM940,059

RM596,400

RM573,900

Stand-alone hybrid/diesel PV System
Diesel=U
S$0.56/
litre and
US$1.12/
litre

Diesel=U
S$2.33
/litre and
US$4.66/
litre

Selangor

USD 0.341/
RM1.023

USD 0.326/
RM0.978

USD 275,346/
RM826,038

Kelantan

USD 0.341/

USD 0.332/

USD 278,320/

RM1.023

RM0.996

RM834,960

USD 0.414/

USD 0.368/

USD 339,687/

RM1.242

RM1.104

RM1,019,061

USD 0.426/

USD 0.375/

USD 347,798/

Selangor

Kelantan

RM= Malaysia Ringgit

RM1.278
RM1.125
RM1,043,394
USD= US Dollar (1 RM= 3 USD)

Note that the results in reality might differ from the results obtained from this analysis due to
the many uncertainties involved in the calculations, such as the maintenance, cost of the
equipment and the average electric load at the site (NREL, 2006b).
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Chapter Nine
9.

Discussions, Recommendations and Conclusions

9.1

Discussion of Objectives and Findings

As highlighted in Chapter One, the aim of this study has been to study the viability of largescale introduction of solar PV systems in Malaysia, for both grid-connected and stand-alone
systems as the best option for a sustainable future energy supply. Four main objectives have
been listed to achieve the targets set, are discussed together with the findings as follows.

9.1.1 The potential of solar PV systems as the best option
Malaysia is blessed with a lot of potential for RE generation, namely, biomass and biogas,
hydropower and solar. Undoubtedly, until recently, among these REs, solar PV is the smallest
contributor to the country's current (2012) electricity generation mix (BP Statistics, 2012b).
This was shown when the SREP projects were launched by the GOM in 2001, as of February
2011, about 65% of the licensed and operational projects were biomass projects, and none of
them was from solar PV.

However, this study investigated the ability of solar PV to be introduced on a large scale and
be a major contributor in the country’s electricity generation mix in the future. Malaysia,
which is located in the Sunbelt region of the tropics receives a substantially amount of solar
radiation about 111-167 kWh/m2 monthly (about 3.7-5.6 kWh/m2 daily), which makes it an
ideal place for the application of solar energy technologies.

Various initiatives and action plans undertaken by the GOM, where efforts towards RE
developments began in 2001 (under 8MP), until the end of 2010 (9MP), RE’s achievement
were still not impressive especially when considering the Government's target to achieve 5%
of RE in the country's electricity generation mix had not been reached. Nevertheless, the
lessons learnt from the previous failures encouraged the GoM to concentrate the efforts to
inspire new growth of country’s RE industries. One the action taken is the establishment of
the NREPAP with the SEDA Malaysia (statutory body) as the administrator. The NREPAP
produced a RE law which the GoM optimistic that solar PV is anticipated to play a very
important role exceed biomass, in the country’s electricity production for the next 20 years.
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This is due to biomass energy is mostly generated from agricultural and palm oil waste, and
Malaysia is expected reaches the limitation of the plantations for only another 15 to 20 years.

9.1.2 Barriers that have limited the growth of solar PV
This study has found that the introduction the MBIPV has successfully boosted the number of
installation of grid-connected solar PV system in Malaysia. Information gathered from the
country visits (visit to PVMC, UiTM) and as discussed in Chapter Six, the target set by the
GoM to install and commission a capacity of 1.5 MWp at the end 2010 was achieved.
Nevertheless, according to BP Statistical Review of World Energy June 2011, the solar PV
market growth in Malaysia is still slow where among the six countries listed. Malaysia
experienced the slowest growth if compared to the countries which have the same starting
point such as Israel and India.

From the various literature reviews carried out and from the interview conducted with
Wazlina ltd. (PV service provider), it has been found that the barriers and limitations that have
contributed to the slow growth of PV industries in Malaysia can be divided into three main
categories:
i) The Socio-cultural barrier:
 This barrier has occurred because of low public awareness about the benefits
of solar PV technologies, which is not only environmental friendly because the
energy produced is clean, but also it has potential for replacing fossil fuels,
which are depleting.
 The study has found that the problem of lack of public awareness is one of the
main problems that must be must be addressed to realize the objective of the
GoM to achieve its targets set for solar PV. This has been proven from the
failure of SREP projects, despite of the many initiatives offered by the
Government and non-Government, but the majority of Malaysians are still not
willing to invest in this sector. Moreover, the subsidies granted to the grid
electricity have made Malaysians comfortable with the current situation.

ii) Administrative and political barriers:
 Through the desktop study and literature reviews, it has been concluded that
many organizations and parties involved in implementing initiatives and action
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plans to induce the use of solar PV in Malaysia. However, lack of coordination
among authorities involved and from observations made, as if the role and
functions each party appointed, overlapped with each other.
 The impact of this situation may cause many policies, which may conflict with
each other, to be followed by the stakeholders or end users who are interested
to invest in this sector. In addition, due to a lack of detailed information
provided by the relevant authorities, it is likely to lead to the problem of
limited experience and lack of local technical expertise.

iii) Financial barrier:
 From the literature review conducted, financial difficulties are another major
barrier that leads to the slow growth of solar PV industry in Malaysia. Until
recently, the price of PV modules has been still high resulting in a need for in
high levels of initial capital investment. However, the GoM has provided many
financial scheme incentives, and looking at the global PV market trend, it is
expected the price of PV modules will continue decrease over time and will
reach a price competitive with other energy supplies in the not too distant
future.

9.1.3 Analysis of how the global PV industry can influence the development of the PV
industry in Malaysia.
Much information has been obtained from agencies and associations, through a desktop study
of sources such as EPIA and IEA on the status of the world PV industry. Overall, this study
found that the current status (2012) of the global PV industry is very encouraging with recent
high cost decreases per kWp installed. This is illustrated by a study conducted by the EPIA
showing that the global annual PV installed capacity had increased a hundredfold since a
decade ago and the cumulative installed capacity has reached nearly 70 GW by 2011. This
encouraging scenario, together with many road maps produced by leading countries such as
Japan, Germany and the USA towards competitiveness with conventional energy sources, has
contributed to the technology and economy improvements and has led to reduction in the cost
of PV modules.
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Even though the current situation shows that the majority of solar PV systems in 2011 have
been deployed in Europe (over 60%), the effect of reducing the price of PV modules can only
contribute to the reduction of initial capital investment of PV in Malaysia, which could
encourage more users or stakeholders to participate in the this industry.

9.1.4 Evaluate using computer simulation software, the viability of grid-connected and
stand-alone PV systems for analysing residential and commercial buildings in several
selected region in Malaysia.
To achieve this objective, a computer model using HOMER software was used to analyse and
find the most feasible configuration in terms of economic and environmental aspects. Five
Malaysian states located at different locations were chosen to perform the analysis: Johor
which is located in the South, Kelantan in the North, Sabah and Sarawak located in the East
Malaysia and Selangor in the West.

For grid-connected PV systems, an analysis was carried out on commercial building (primary
school). As Malaysia has the standard design of primary schools throughout the state, SK
Matang Gerdu was chosen as an example, where a site visit was carried out for getting
estimates of the load data. Following that, in order to find the states that offer the most
economic configuration, the same user load estimation (SK Matang Gerdu’s load estimation)
was used in each of the selected location.

For stand-alone hybrid PV systems, a number of analyses were performed on a sample of
small village of 20 medium load households. The location of the village was assumed to be in
a rural area and without access to grid electricity. The user load estimation for this analysis
was produced by reasonable assumptions based on data given by TNB Malaysia and the
World Bank, as well as based the site visit observations.

From the results obtained, it was found that the most economic and the least economic
configurations were offered by the Selangor and Johor for grid-connected PV system.
Whereas for stand-alone hybrid/diesel PV systems, Selangor and Kelantan offer the most
cost-effective and the less cost-effective configurations but the overall differences between
regions in Malaysia was found to be relatively small due to similar insolation regimes across
the country. The maximum and minimum of NPCs and LCOEs (taking account real interest
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rate for 10 years average, i= 2.03%) for both proposed grid-connected and stand-alone hybrid
PV systems are given in Tables 9-1 and 9-2 below.

Table 9-1: Grid-connected Proposed PV Systems: Minimum and Maximum of NPCs, LCOEs
and Initial Capital (i=2.03%)
Location

Selangor

NPC

LCOE

Minimum

Maximum

-US$ 144,545

-US$ 33,730

-RM 433,635

-RM

Initial Capital

Minimum

Maximum

Minimum

Maximum

-US$

-US$

US$ 227,150

US$ 295,225

0.170

0.040

-RM 0.510

-RM 0.120

RM 681,450

RM 885,675

-US$

US$ 0.072

US$ 257,150

US$ 340,225

RM 0.216

RM 771,450

RM 1,020,675

101,190
-US$ 63,023

US$ 63,186

0.072

Johor
-RM 189,069
RM= Malaysia Ringgit

RM 189,558

-RM 0.216

US$= US Dollar (1 RM= 3 US$)

Table 9-2: Stand-alone Hybrid PV Systems: Minimum and Maximum of NPCss, LCOE and
Initial Capitals (i=2.03%)
LCOE
Location

NPC
Max

Initial Capital

Max

Min

Min

Max

Min

USD 0.296

USD 0.269

USD 233,460

USD 211,883

USD 86,005

USD 69,005

RM0.888

RM0.807

RM700,380

RM635,649

RM258,015

RM207,015

USD 0.298

USD 0.271

USD 234,436

USD 212,837

USD 86,005

USD 69,005

RM0.894

RM0.813

RM703,308

RM638,511

RM258,015

RM207,015

Stand-alone hybrid/diesel (Diesel=US$0.56/litre)
Selangor
Kelantan

Stand-alone hybrid/diesel (Diesel=US$2.33/litre)
Selangor
Kelantan

USD 0.450

USD 0.394

USD 369,673

USD 323,554

USD 244,800

USD 198,800

RM1.350

RM1.182

RM1,109,019

RM970,662

RM734,400

RM596,400

USD 0.460

USD 0.403

USD 376,389

USD 316,905

USD 244,800

USD 198,800

RM1.380

RM1.209

RM1,129,167

RM950,715

RM734,400

RM596,400

Stand-alone PV
Selangor
Kelantan

USD 0.395

USD 0.338

USD 310,024

USD 265,024

USD 234,230

USD 189,230

RM1.185

RM1.014

RM930,072

RM795,072

RM702,690

RM567,690

USD 0.404

USD 0.347

USD 316,905

USD 271,905

USD 238,015

USD 193,015

RM1.212

RM1.041

RM950,715

RM815,715

RM714,045

RM579,045

RM= Malaysia Ringgit
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For the proposed grid-connected PV systems, NPC and LCOE offered differ, NPC from a
minimum of -US$ 144,545 (-RM 433,635) for Selangor and to a maximum of US$ 63,023
(RM 189,069) for Johor, and LCOE varied between -US$ 0.170 (-RM 0.510) for Selangor
and US$ 0.072 (RM 0.216) for Johor. For the systems with the lowest current system cost all
areas returned a profit on each kWh generated and a negative NPC i.e. a net profit.

For the proposed stand-alone PV systems on the other hand, the analysis results were affected
primarily by the price of diesel. For a diesel price of US$ 0.56/litre i.e. non-remote areas, the
NPC and LCOE offered were found to be lower than the proposed stand-alone PV systems
without generators. But when the price of diesel rises to US$ 2.33/litre i.e. in remote areas the
NPC and LCOE prices offered by the proposed stand-alone hybrid/diesel PV systems were
found to be higher than the systems without generators.

While current PV panel prices have come down in price considerably over the last decade
literature studies have shown that there is a potential for continued reduction in PV module
prices in the future (a reduction of 36-51% within the next 10 years is thought achievable).
Therefore, to discuss the future viability of solar PV systems in Malaysia, an analysis to find
the effect of the price reduction of PV modules on solar PV generation's cost reduction was
carried out. The analyses have shown that after a reduction of 45% in the price of PV
modules, NPC and LCOE has offered a reduction up to 230%, and an initial capital cost
reduction of 30% for grid-connected PV systems. In this case the already profitable systems
become more profitable. Meanwhile, for future stand-alone hybrid PV systems the results
have suggested a reduction of between 3 and 18% for NPC and LCOE and reduction of 22%
for initial capital.

It must be realised of course that the scenarios presented are indicative only and that the real
world may unfold differently due to many factors. Some of these factors are due to the many
uncertainties in the calculation and the price of equipment for PV systems which could in fact
increase in the future due to a global rise in costs of energy supply in general. Given the
current high level of profitability of the grid connected systems installed under the existing
FiT scheme it must be unlikely that this scheme will continue for much longer (only in force
until 2014 at present)
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This problem may especially be true for the stand-alone hybrid/diesel PV system where the
actual reduction may be less than expected from the results obtained from this analysis, due to
high diesel price increases in the future.

Many studies have found that greenhouse gases are causing severe impacts to the environment
and it is emerging as a major threat to civilisation. In Malaysia, climate change related
impacts such as floods and landslides are currently causing damage either to life and property.
The world today is looking for solutions to this phenomenon. For instance, a study conducted
by James Hansen, head of NASA's Goddard Institute for Space Studies in New York on
climate change, agriculture and food security (Vermeulen et al., 2012), suggested that local
interventions need to be supported by national and global institutions to protect low-income
agricultural producers and consumers.

Hence, the results which show that the proposed grid-connected PV systems each could save a
minimum of 40 tonnes of CO2 emissions each year could contribute to global warming
mitigation in a real way.

9.2

Summary of Recommendations

It has been found that solar PV systems can be profitably deployed in Malaysia to mitigate the
effects of global warming and ameliorate resource depletion. Even though the current
contribution of solar PV towards total global energy consumption is still small, as PV
technology improves and economies of scale have lowered

panel prices, solar PV will

increasingly become a sound option for future world energy supplies. It is becoming apparent
that even now countries such as, Germany the United States of America, Japan and China
have been investing heavily in PV power generation which is fast catching up to wind power
as the dominant new RE source.

Malaysia is a country gifted with indigenous conventional energy resources of crude oil and
natural gas and blessed with abundantly available of RE resources, for solar energy, Malaysia
which lies entirely in the equatorial region with good solar resources.

The country is

currently looking forward to move from being heavily dependent on the non-renewable fossil
fuels. Over the past decade until today, we have seen a continuous rise in oil prices and
136

The Viability of Solar PV in Malaysia

Chapter Nine

energy. For PV technologies on the other hand, we have seen a continuous decline in costs for
energy production, offering a price reduction instead of an increase in the future.

Due to the fact that subsidies for conventional energy production are generally not taken into
account, PV is still seen as more expensive on the market than conventional energy sources.
Still, it is found that from several studies, the production of electricity from solar PV systems
has been proven now that it can produce electricity cheaper than conventional supply prices
at least at the retail level in many different countries and if a new European Photovoltaic
Industry Association (EPIA) and the Solar Energy Industries Association (SEIA) visions can
be realized, the cost electricity generation PV systems will achieve grid parity at the
wholesale level in most of Europe and the United States by 2020.

If can be seen from the current scenarios a good future for solar PV can be anticipated, where
many countries have achieved positive development, Malaysia is still striving to achieve the
targets set. This study has found that the main reason for the GoM’s failure to achieve the past
targets set have been due to internal problems in the country. In response to the three main
categories of barriers identified that contributed to the slow growth of solar PV deployment in
Malaysia, this study proposes the following recommendation:

9.2.1 Review the current political, institutional and regulatory conditions
It has been argued that a large number of organizations are involved in the development of
energy policies and efficiency in Malaysia. It is also apparent that there has been a lack of
coordination among them. This phenomenon has likely caused duplication of tasks and
functions that would cause problems, especially to those interested in investing in solar PV
Malaysia. Therefore, it is suggested that the GoM to review current political, institutional and
regulatory conditions. In addition, the current policies and regulations lack of attention to the
maintenance factor which will incur more cost in the long-term if defects and the damages
occurred.

9.2.2 Increase efforts to promote renewable energy and energy efficiency, particularly
solar PV
To meet the challenge of the socio-cultural barriers that has contributed many difficulties to
the viability of solar PV in Malaysia. Apart from many institutions that have been provided by
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the parties involved (Government and non-Government) in the accomplishment of solar PV
development in Malaysia. It is recommended that the GoM disseminate renewable energy
promotions through the media. For instance, regular advertising on newspapers, magazines,
radio, and television can be made to create awareness on the benefits of solar PV power
generation as a solution to current environmental problems and for the future energy
sustainability.

With proper awareness, not only could the many difficulties be solved, such as lack of local
technical expertise, particularly regarding the operation and maintenance of the system, but
also it could encourage the public to participate in the BIPV programmes although this
programme is still considered as a high cost project.

9.2.3 Induce more BIPV installations especially for Government buildings
The success of the United Nations Development Programme, MBIPV projects (5 years
project, ended on 31st December 2010), managed to reduce Malaysia's BIPV market price by
40%. This accomplishment was one of the country’s achievements that it should be proud of.
However, when looking at the overall success of the solar PV power installations country
compared to that achieved globally, it indicates that Malaysia is still lagging compared to
countries that have the same initial starting point.

Thus, to induce more solar PV systems into Malaysia, it is recommended that the GoM
continue the BIPV project concentrating on government buildings such as schools. From this
study it has been shown that for 20 years project life cycle grid-connected PV systems will
save a minimum of US$ 33,000 (RM 100,000) per year. In term of CO2 emissions, the
proposed system could prevent a minimum of 40 tonnes annually per system or about
3010,000 tonnes for all 7723 primary schools in Malaysia.

It might be expected that the actual gap between the LCOE from PV systems and future
electricity grid prices will narrow as the price of grid electricity increases and the cost of PV
reduces.

In terms of stand-alone hybrid/diesel PV systems for rural electrification, the HOMER
analysis results showed that the LCOE is lower for systems which do not use diesel
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generators in remote areas and such systems will improve in the future as the cost of panels
reduces further.

9.2.4 Put in place regulations to establish a centre for RE study
As highlighted in Chapter Two, the apparent lack of cooperation and lack of data recording
are among the obstacles experiences during conducting this research. Hence, it is suggested
that the GoM put in place a policy to introduce a specific centre to enable researchers to
acquire data and information on RE . This is because the results of research and studies could
contribute and benefit to the development of solar PV.

9.3

Conclusion

Overall, this study has shown convincing evidence of Malaysia's commitment to shift to the
large-scale introduction of solar PV systems. In addition it was concluded that based on the
current status of the global solar PV market is improving sufficiently rapidly is able to
provide considerable opportunities for the viability of both grid-connected and stand-alone
hybrid solar PV systems in Malaysia.

It is hoped that the conclusions and recommendations drawn in this study would be useful to
energy scientists and engineers and policy makers.
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Appendix A
HOMER’s System Report Input Summary for Grid-Connected PV System Future
Reductions
File name: Selangor-grid: Current Scenario
File version: 2.68 beta
Author:
Siti Nor Azlina
System architecture
Sensitivity case
PV Array 140 kW
PV Capital Cost Multiplier:

1

PV Replacement Cost Multiplier: 1

Grid

2,000 kW

Inverter

50 kW

Rectifier 50 kW

Cost summary
Total net present cost

$ -60,468

Levelized cost of energy $ -0.071/kWh
Operating cost

$ -19,481/yr

Net Present Costs

Component
PV

Capital Replacement
($)

($)
0

0

Converter
Other
System

46,150

($)

($)

($)

0

0 253,369

0 -382,695

0

0 -382,695

8,152

0

0

34,139 -331,174

0 -20,584
0

0

PV

Capital Replacement O&M Fuel Salvage Total
($/yr)
12,880

Grid

0

Converter
Other
System

152

($/yr)

($/yr) ($/yr)
0

($/yr)

($/yr)

2,660

0

0 15,540

0 -23,472

0

0 -23,472

2,831

2,094

500

0

-1,262

61

0

0

0

0

61

2,094 -20,312

0

-1,262

-3,709

15,772

67,858
1,000

0 -20,584 -60,468

Annualized Costs

Component

Total

43,369

34,139

1,000
257,150

Fuel Salvage

($)

210,000

Grid

O&M

4,162
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Grid
Rate: Rate 1

Month

Energy Purchased Energy Sold Net Purchases Peak Demand Energy Charge Demand Charge
(kWh)

(kWh)

(kWh)

(kW)

($)

($)

Jan

2,123

6,293

-4,171

44

-1,639

0

Feb

1,712

6,207

-4,496

41

-1,767

0

Mar

1,307

6,970

-5,663

29

-2,226

0

Apr

1,168

6,793

-5,625

24

-2,211

0

May

1,332

6,524

-5,192

28

-2,040

0

Jun

1,873

6,434

-4,561

41

-1,793

0

Jul

1,898

6,836

-4,938

40

-1,941

0

Aug

1,572

6,480

-4,908

30

-1,929

0

Sep

1,200

6,312

-5,111

33

-2,009

0

Oct

1,384

6,615

-5,231

27

-2,056

0

Nov

1,174

5,775

-4,601

22

-1,808

0

Dec

873

6,101

-5,229

19

-2,055

0

17,615

77,341

-59,726

44

-23,472

0

Annual

PV
Electrical

Component

Quantity
Production Fraction
(kWh/yr)

PV array
Grid purchases
Total

Load

189,011

91%

17,615

9%

206,626

100%

Consumption Fraction
(kWh/yr)

AC primary load

52,195

40%

Grid sales

77,341

60%

129,536

100%

Total
Quantity
Excess electricity
Unmet load
Capacity shortage
Renewable fraction

153

Value

Units

64,654 kWh/yr
0.00 kWh/yr
0.00 kWh/yr
0.915

Value

Units

Rated capacity

140 kW

Mean output

21.6 kW

Mean output

518 kWh/d

Capacity factor

15.4 %

Total production 189,011 kWh/yr
Quantity

Value Units

Minimum output

0.00 kW

Maximum output

115 kW

PV penetration

362 %

Hours of operation 4,380 hr/yr
Levelized cost

0.0822 $/kWh
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File name: Selangor-grid: Future Scenario
File version: 2.68 beta
Author:
Siti Nor Azlina
Sensitivity case

System architecture

PV Capital Cost Multiplier:

0.55

PV Array 170 kW

PV Replacement Cost Multiplier: 0.55

Grid

2,000 kW

Inverter

50 kW

Rectifier 50 kW
Cost summary
Total net present cost

$ -162,359

Levelized cost of energy $ -0.191/kWh
Operating cost

$ -21,452/yr

Net Present Costs

Component
PV

Capital Replacement
($)

($)

140,250

Grid
Other

46,150
187,400

($)

($)

Total
($)

52,663

0

0 192,913

0 -424,129

0

0 -424,129

34,139

8,152

0

0

1,000

System

Fuel Salvage

($)
0

0

Converter

O&M

34,139 -363,315

0 -20,584
0

0

67,858
1,000

0 -20,584 -162,359

Annualized Costs

Component
PV

Capital Replacement O&M Fuel Salvage Total
($/yr)

($/yr)

8,602

Grid

0

0

Converter
Other

2,831
61

System

($/yr) ($/yr)

11,494

($/yr)

($/yr)

3,230

0

0 11,832

0 -26,014

0

0 -26,014

2,094

500

0

0

0

0

2,094 -22,284

0

-1,262

4,162

0

61

-1,262 -9,958

Grid
Rate: Rate 1

Month

Energy Purchased Energy Sold Net Purchases Peak Demand Energy Charge Demand Charge
(kWh)

(kWh)

(kWh)

(kW)

($)

($)

Jan

2,024

6,788

-4,765

44

-1,872

0

Feb

1,641

6,589

-4,949

41

-1,945

0

Mar

1,261

7,450

-6,189

27

-2,432

0

Apr

1,125

7,235

-6,111

24

-2,401

0

May

1,245

7,031

-5,787

28

-2,274

0

154
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Jun

1,788

6,870

-5,082

41

-1,997

0

Jul

1,827

7,301

-5,474

40

-2,151

0

Aug

1,473

6,933

-5,460

30

-2,146

0

Sep

1,140

6,769

-5,629

33

-2,212

0

Oct

1,296

7,079

-5,784

27

-2,273

0

Nov

1,089

6,235

-5,146

22

-2,022

0

Dec
Annual

810

6,628

-5,817

19

-2,286

0

16,717

82,909

-66,192

44

-26,014

0

Electrical

Component

PV
Production Fraction
(kWh/yr)

PV array
Grid purchases
Total

Quantity

Value

Units

Rated capacity

170 kW

227,980

93%

Mean output

26.0 kW

16,717

7%

Mean output

625 kWh/d

244,697

100%

Capacity factor

15.3 %

Total production 227,980 kWh/yr
Load

Consumption Fraction
(kWh/yr)

AC primary load

52,195

39%

Grid sales

82,909

61%

135,104

100%

Total
Quantity

Value

Excess electricity

Units

Value Units
0.00 kW

Maximum output

138 kW

PV penetration

437 %

Hours of operation 4,380 hr/yr
Levelized cost

0.0519 $/kWh

96,438 kWh/yr

Unmet load

0.00 kWh/yr

Capacity shortage

0.00 kWh/yr

Renewable fraction

0.932

Converter
Quantity

Quantity
Minimum output

Emissions
Inverter Rectifier Units

Capacity

50.0

50.0 kW

Mean output

Pollutant
Carbon dioxide

Emissions (kg/yr)
-38,656

13.5

0.0 kW

Carbon monoxide

0

Minimum output

0.0

0.0 kW

Unburned hydocarbons

0

Maximum output

50.0

0.0 kW

Particulate matter

0

Capacity factor

27.0

0.0 %

Sulfur dioxide

-181

Nitrogen oxides

-88.7

Quantity
Hours of operation

Inverter Rectifier Units
4,380

0 hrs/yr

Energy in

131,541

0 kWh/yr

Energy out

118,387

0 kWh/yr

13,154

0 kWh/yr

Losses

155
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File name: Johor-grid: Current Scenario
File version: 2.68 beta
Author:
Siti Nor Azlina
Sensitivity case

System architecture

PV Capital Cost Multiplier:

1

PV Array 145 kW

PV Replacement Cost Multiplier: 1

Grid

1,000 kW

Inverter

46 kW

Rectifier 46 kW
Cost summary
Total net present cost

$ -48,039

Levelized cost of energy $ -0.055/kWh
Operating cost

$ -18,952/yr

Net Present Costs

Component
PV

Capital Replacement
($)

($)

217,500

Grid
Other

42,458
260,958

($)

($)

Total
($)

44,918

0

0 262,418

0 -373,886

0

0 -373,886

31,408

7,500

0

0

1,000

System

Fuel Salvage

($)
0

0

Converter

O&M

31,408 -321,468

0 -18,937
0

0

62,429
1,000

0 -18,937 -48,039

Annualized Costs

Component
PV

Capital Replacement O&M Fuel Salvage Total
($/yr)

($/yr)

13,340

Grid

0

0

Converter
Other

2,604
61

System

($/yr) ($/yr)

16,006

($/yr)

($/yr)

2,755

0

0 16,095

0 -22,932

0

0 -22,932

1,926

460

0

0

0

0

1,926 -19,717

0

-1,161

3,829

0

61

-1,161 -2,946

Grid
Rate: Rate 1

Month

Energy Purchased Energy Sold Net Purchases Peak Demand Energy Charge Demand Charge
(kWh)

(kWh)

(kWh)

(kW)

($)

($)

Jan

1,136

4,934

-3,798

30

-1,493

0

Feb

899

5,428

-4,529

34

-1,780

0

Mar

625

6,004

-5,379

20

-2,114

0

Apr

288

6,308

-6,020

18

-2,366

0

May

446

6,064

-5,618

21

-2,208

0
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Jun

755

5,861

-5,106

31

-2,007

0

Jul

888

6,018

-5,131

34

-2,016

0

Aug

969

5,665

-4,695

30

-1,845

0

Sep

582

5,551

-4,969

35

-1,953

0

Oct

533

6,089

-5,556

21

-2,183

0

Nov

941

4,870

-3,929

24

-1,544

0

Dec

1,021

4,643

-3,622

24

-1,423

0

Annual

9,084

67,434

-58,351

35

-22,932

0

Electrical

Component

PV
Production Fraction
(kWh/yr)

PV array
Grid purchases
Total

Quantity

Value

Units

Rated capacity

145 kW

178,347

95%

Mean output

20.4 kW

9,084

5%

Mean output

489 kWh/d

187,431

100%

Capacity factor

14.0 %

Total production 178,347 kWh/yr
Load

Consumption Fraction
(kWh/yr)

AC primary load

53,655

44%

Grid sales

67,434

56%

121,089

100%

Total
Quantity

Value

Excess electricity

Units

Value Units
0.00 kW

Maximum output

117 kW

PV penetration

332 %

Hours of operation 4,380 hr/yr
Levelized cost

0.0902 $/kWh

53,896 kWh/yr

Unmet load

0.00 kWh/yr

Capacity shortage

0.00 kWh/yr

Renewable fraction

0.952

Converter
Quantity

Quantity
Minimum output

Emissions
Inverter Rectifier Units

Pollutant

Capacity

46.0

46.0 kW

Mean output

12.8

0.0 kW

Carbon monoxide

0

Minimum output

0.0

0.0 kW

Unburned hydocarbons

0

Maximum output

46.0

0.0 kW

Particulate matter

Capacity factor

27.8

0.0 %

Sulfur dioxide

-160

Nitrogen oxides

-78.2

Quantity
Hours of operation

Inverter Rectifier Units
4,380

0 hrs/yr

Energy in

124,450

0 kWh/yr

Energy out

112,006

0 kWh/yr

12,444

0 kWh/yr

Losses
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Carbon dioxide

Emissions (kg/yr)
-34,077

0
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File name: Johor-grid: Future Scenario
File version: 2.68 beta
Author:
Siti Nor Azlina
Sensitivity case
PV Capital Cost Multiplier:

System architecture

0.55

PV Array 195 kW

PV Replacement Cost Multiplier: 0.55

Grid

1,000 kW

Inverter

46 kW

Rectifier 46 kW
Cost summary
Total net present cost

$ -160,772

Levelized cost of energy $ -0.184/kWh
Operating cost

$ -22,393/yr

Net Present Costs

Component
PV

Capital Replacement
($)

($)

160,875

Grid
Other
System

Fuel Salvage

($)
0

0

Converter

O&M

($)

($)

60,407

0

0 221,282

0 -445,483

0

0 -445,483

42,458

31,408

7,500

1,000

0

0

204,333

($)

Total

31,408 -377,576

0 -18,937
0

0

62,429
1,000

0 -18,937 -160,772

Annualized Costs

Component
PV

Capital Replacement O&M Fuel Salvage Total
($/yr)

($/yr)

9,867

Grid

0

0

Converter
Other
System

($/yr) ($/yr)
3,705

0

0 -27,323

0

($/yr)

($/yr)
0 13,572
0 -27,323

2,604

1,926

460

0

-1,161

3,829

61

0

0

0

0

61

1,926 -23,158

0

12,533

-1,161 -9,861

Grid : Rate 1

Month

Energy Purchased Energy Sold Net Purchases Peak Demand Energy Charge Demand Charge
(kWh)

(kWh)

(kWh)

(kW)

($)

($)

Jan

905

5,641

-4,736

30

-1,861

0

Feb

729

6,015

-5,286

33

-2,077

0

Mar

476

6,771

-6,295

19

-2,474

0

Apr

214

7,111

-6,897

16

-2,711

0

May

306

6,877

-6,572

20

-2,583

0

Jun

583

6,575

-5,991

31

-2,355

0
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Jul

714

6,813

-6,100

32

-2,397

0

Aug

753

6,442

-5,689

26

-2,236

0

Sep

445

6,334

-5,890

34

-2,315

0

Oct

385

6,880

-6,495

20

-2,553

0

Nov

719

5,614

-4,896

23

-1,924

0

Dec

788

5,466

-4,678

23

-1,838

0

7,015

76,540

-69,525

34

-27,323

0

Annual
Electrical

Component

PV
Production Fraction
(kWh/yr)

PV array
Grid purchases
Total

Quantity

Value

Units

Rated capacity

195 kW

241,381

97%

Mean output

27.6 kW

7,015

3%

Mean output

661 kWh/d

248,396

100%

Capacity factor

14.1 %

Total production 241,381 kWh/yr
Load

Consumption Fraction
(kWh/yr)

AC primary load

53,655

41%

Grid sales

76,540

59%

130,195

100%

Total
Quantity

Value

Excess electricity

Units

Value Units
0.00 kW

Maximum output

160 kW

PV penetration

450 %

Hours of operation 4,380 hr/yr
Levelized cost

0.0562 $/kWh

104,515 kWh/yr

Unmet load

0.00 kWh/yr

Capacity shortage

0.00 kWh/yr

Renewable fraction

0.972

Converter
Quantity

Quantity
Minimum output

Emissions
Inverter Rectifier Units

Pollutant

Capacity

46.0

46.0 kW

Mean output

14.1

0.0 kW

Carbon monoxide

0

Minimum output

0.0

0.0 kW

Unburned hydocarbons

0

Maximum output

46.0

0.0 kW

Particulate matter

0

Capacity factor

30.6

0.0 %

Sulfur dioxide

-190

Nitrogen oxides

-93.2

Quantity
Hours of operation

Inverter Rectifier Units
4,380

0 hrs/yr

Energy in

136,865

0 kWh/yr

Energy out

123,180

0 kWh/yr

13,686

0 kWh/yr

Losses
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Carbon dioxide

Emissions (kg/yr)
-40,602
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HOMER’s System Report for Stand-alone PV System Future Reductions
File name: Selangor: Current Scenario
File version: 2.68 beta
Author:
Siti Nor Azlina

Sensitivity case

System architecture

Solar Data Scaled Average:

5.03 kWh/m²/d

PV Array 60 kW

PV Capital Cost Multiplier:

1

Battery

60 Surrette 4KS25P

PV Replacement Cost Multiplier: 1

Inverter

15 kW

PV Efficiency at STC:

13

%

Rectifier 15 kW

Cost summary

Electrical

Total net present cost

$ 281,687

Component

Levelized cost of energy $ 0.359/kWh
Operating cost

$ 5,439/yr

Production Fraction
(kWh/yr)

PV array

80,463

100%

Total

80,463

100%

Net Present Costs
Load
Component

Capital Replacement O&M Fuel Salvage Total
($)

($)

($)

($)

PV

90,000

0 18,587

Surrette
4KS25P

90,660

71,233 9,783

Converter

11,355

Other
System

($)

0

($)

9,288

1,000
193,015

0

0
0

80,521 28,369

Total

48,146

100%

Value

($/yr)

($/yr)

Excess electricity

0

Unmet load

3,319 kWh/yr

Capacity shortage

4,670 kWh/yr

Renewable fraction

1.000

0

0

20,643

0

1,000

0 -20,218 281,687

($/yr) ($/yr)

5,561

4,369

696
61

19,667 kWh/yr

11,838

0 1,140

($/yr)

($/yr)

0

0 6,660

600

0

-1,240 9,289

570

0

0

0 1,266

0

0

0

0

4,939 1,740

0

61

-1,240 17,277

Quantity

Value

Units

Rated capacity

60.0 kW

Mean output

9.19 kW

Mean output

220 kWh/d

Capacity factor

15.3 %

Total production 80,463 kWh/yr
Quantity

Value Units

Minimum output

0.00 kW

Maximum output

48.5 kW

PV penetration

156 %

Hours of operation
Levelized cost

160

Units

0 -20,218 151,458

Capital Replacement O&M Fuel Salvage Total

Surrette
4KS25P

System

100%

PV

5,520

Other

48,146

Quantity

PV

Converter

(kWh/yr)

AC primary load

0 108,587

Annualized Costs

Component

Consumption Fraction

4,380 hr/yr
0.0828 $/kWh
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Battery

Converter

Quantity

Value

String size

Quantity

1

Inverter Rectifier Units

Capacity

15.0

15.0 kW

5.5

0.0 kW

Strings in parallel

60

Mean output

Batteries

60

Minimum output

0.0

0.0 kW

4

Maximum output

15.0

0.0 kW

Capacity factor

36.6

0.0 %

Bus voltage (V)
Quantity

Value

Units

Nominal capacity

456 kWh

Quantity

Usable nominal capacity

274 kWh

Hours of operation

46.6 hr

Energy in

53,495

0 kWh/yr

634,116 kWh

Energy out

48,146

0 kWh/yr

5,349

0 kWh/yr

Autonomy
Lifetime throughput
Battery wear cost

0.160 $/kWh

Average energy cost

0.000 $/kWh

Inverter Rectifier Units

Losses

8,333

0 hrs/yr

Expected life 12.0 yr

File name: Selangor: Future Scenario
File version: 2.68 beta
Author:
Siti Nor Azlina
Sensitivity case

System architecture

Solar Data Scaled Average:

5.03 kWh/m²/d

PV Array 80 kW

PV Capital Cost Multiplier:

0.55

Battery

50 Surrette 4KS25P

Inverter

10 kW

PV Replacement Cost Multiplier: 0.55
PV Efficiency at STC:

20

%

Rectifier 10 kW

Cost summary

Electrical

Total net present cost

$ 231,759

Component

Levelized cost of energy $ 0.293/kWh
Operating cost

$ 5,007/yr

Production Fraction
(kWh/yr)

PV array

108,006

100%

Total

108,006

100%

Net Present Costs
Load
Component

Capital Replacement O&M Fuel Salvage Total
($)

($)

($)

($)

PV

66,000

0 24,782

Surrette
4KS25P

75,550

59,361 8,152

0

($)

($)
0

48,462

100%

Total

48,462

100%

Unmet load

3,003 kWh/yr

Capacity shortage

4,666 kWh/yr

Renewable fraction

1.000

0

0

0

13,762

Other

1,000

0

0

0

0

1,000

Annualized Costs

Units

Excess electricity

6,192

65,553 32,934

Value

0 -16,848 126,215

7,570

161

AC primary load

Quantity

150,120

(kWh/yr)

90,782

Converter
System

Consumption Fraction

0 -16,848 231,759

Converter

47,008 kWh/yr
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Capital Replacement O&M Fuel Salvage Total
($/yr)

($/yr)

PV

4,048

Surrette
4KS25P

4,634

Converter
Other
System

($/yr) ($/yr)
0 1,520

3,641

500

0
0

($/yr)
0

Capacity

5,568

Mean output

-1,033 7,741

464

380

0

0

0

844

61

0

0

0

0

61

4,021 2,020

0

9,207

PV

Quantity

($/yr)

Inverter Rectifier Units
10.0

10.0 kW

5.5

0.0 kW

Minimum output

0.0

0.0 kW

Maximum output

10.0

0.0 kW

Capacity factor

55.3

0.0 %

-1,033 14,215

Battery
Quantity

Value

Units

Quantity

Value

Rated capacity

80.0 kW

String size

Mean output

12.3 kW

Strings in parallel

50

Mean output

296 kWh/d

Batteries

50

Capacity factor

15.4 %

Bus voltage (V)

Total production 108,006 kWh/yr

1

4

Quantity

Value

Units

Nominal capacity

380 kWh

Minimum output

0.00 kW

Usable nominal capacity

228 kWh

Maximum output

65.6 kW

Autonomy

38.8 hr

PV penetration

210 %

Lifetime throughput

Quantity

Value Units

528,430 kWh

Hours of operation 4,380 hr/yr

Battery wear cost

0.160 $/kWh

Levelized cost

Average energy cost

0.000 $/kWh

0.0516 $/kWh

Annual throughput 33,117 kWh/yr
Expected life
12.0 yr
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File name: Kelantan: Current Scenario
File version: 2.68 beta
Author:
Siti Nor Azlina

Sensitivity case

System architecture

Solar Data Scaled Average:

4.77 kWh/m²/d

PV Array 80 kW

PV Capital Cost Multiplier:

1

Battery

50 Surrette 4KS25P

PV Replacement Cost Multiplier: 1

Inverter

15 kW

PV Efficiency at STC:

13

%

Rectifier 15 kW

Cost summary
Total net present cost

$ 292,640

Levelized cost of energy $ 0.370/kWh
Operating cost

$ 5,197/yr
Electrical

Net Present Costs

Component
PV

Capital Replacement O&M Fuel Salvage Total
($)

($)

($)

($)

($)

120,000

0 24,782

Surrette
4KS25P

75,550

59,361 8,152

Converter

11,355

9,288

0

0

0

20,643

1,000

0

0

0

0

1,000

Other
System

207,905

68,648 32,934

0

($)
0 144,782

Component

Production Fraction
(kWh/yr)

PV array

102,167

100%

Total

102,167

100%

0 -16,848 126,215

0 -16,848 292,640

Load

Consumption Fraction
(kWh/yr)

AC primary load

48,473

100%

Total

48,473

100%

Quantity

Annualized Costs

Value

Excess electricity
Component

($/yr)

($/yr) ($/yr)

2,992 kWh/yr

($/yr)

Capacity shortage

4,523 kWh/yr

8,880

Renewable fraction

1.000

PV

7,360

Surrette
4KS25P

4,634

3,641

500

0

696

570

0

0

0

1,266

61

0

0

0

0

61

4,210 2,020

0

Converter
Other
System

0 1,520

12,752

PV

0

($/yr)
0

41,101 kWh/yr

Unmet load

Capital Replacement O&M Fuel Salvage Total
($/yr)

-1,033 7,741

-1,033 17,949

Converter
Quantity
Capacity

Inverter Rectifier Units
15.0

15.0 kW

Mean output

5.5

0.0 kW

Minimum output

0.0

0.0 kW

Maximum output

15.0

0.0 kW

Capacity factor

36.9

0.0 %

Battery
Quantity

Value

Units

Quantity

Value

Rated capacity

80.0 kW

String size

Mean output

11.7 kW

Strings in parallel

50

Mean output

280 kWh/d

Batteries

50

163

Units

1
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14.6 %

Bus voltage (V)

Total production 102,167 kWh/yr

4

Quantity

Value

Units

Nominal capacity

380 kWh

Minimum output

0.00 kW

Usable nominal capacity

228 kWh

Maximum output

61.9 kW

Autonomy

38.8 hr

PV penetration

199 %

Lifetime throughput

Quantity

Value Units

528,430 kWh

Hours of operation 4,380 hr/yr

Battery wear cost

0.160 $/kWh

Levelized cost

Average energy cost

0.000 $/kWh

0.0869 $/kWh

File name: Kelantan: Future Scenario
File version: 2.68 beta
Author:
Siti Nor Azlina

Sensitivity case

System architecture

Solar Data Scaled Average:

4.77 kWh/m²/d

PV Array 80 kW

PV Capital Cost Multiplier:

0.55

Battery

50 Surrette 4KS25P

Inverter

15 kW

PV Replacement Cost Multiplier: 0.55
PV Efficiency at STC:

20

%

Rectifier 15 kW

Cost summary

Electrical

Total net present cost

$ 238,640

Component

Levelized cost of energy $ 0.302/kWh
Operating cost

$ 5,197/yr

Production Fraction
(kWh/yr)

PV array

102,818

100%

Total

102,818

100%

Net Present Costs
Load
Component

Capital Replacement O&M Fuel Salvage Total
($)

($)

($)

($)

PV

66,000

0 24,782

Surrette
4KS25P

75,550

59,361 8,152

Converter

11,355

9,288

1,000

0

Other
System

($)

0

($)
0

48,492

100%

Total

48,492

100%

Quantity

153,905

Value

Units

Excess electricity

0

0

0

20,643

Unmet load

2,973 kWh/yr

0

0

0

1,000

Capacity shortage

4,498 kWh/yr

Renewable fraction

1.000

68,648 32,934

0 -16,848 238,640

41,727 kWh/yr

Converter

Capital Replacement O&M Fuel Salvage Total
($/yr)

($/yr)

($/yr) ($/yr)

4,048

Surrette
4KS25P

4,634

3,641

500

0

696

570

0

0

164

AC primary load

0 -16,848 126,215

PV

Converter

(kWh/yr)

90,782

Annualized Costs

Component

Consumption Fraction

0 1,520

0

($/yr)
0

($/yr)
5,568

-1,033 7,741
0

Quantity
Capacity

1,266

Inverter Rectifier Units
15.0

15.0 kW

Mean output

5.5

0.0 kW

Minimum output

0.0

0.0 kW

Maximum output

15.0

0.0 kW

Capacity factor

36.9

0.0 %
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Other
System

61

0

9,440

0

0

4,210 2,020

0

PV

Appendixes
0

61

-1,033 14,637

Battery
Quantity

Value

Units

Quantity

Value

Rated capacity

80.0 kW

String size

Mean output

11.7 kW

Strings in parallel

50

Mean output

282 kWh/d

Batteries

50

Capacity factor

14.7 %

Bus voltage (V)

Total production 102,818 kWh/yr
Quantity

Value Units

1

4

Quantity
Nominal capacity

Value

Units

380 kWh

Minimum output

0.00 kW

Usable nominal capacity

228 kWh

Maximum output

62.7 kW

Autonomy

38.8 hr

PV penetration

200 %

Lifetime throughput

528,430 kWh

Hours of operation 4,380 hr/yr

Battery wear cost

0.160 $/kWh

Levelized cost

Average energy cost

0.000 $/kWh
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0.0542 $/kWh

