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Nowadays, the electricity utility provider has started to consider a green power
generation due to rapid depletion of fossil fuel reserves as well as world
climate change. Among potential green and renewable resources are solar,
wind and biomass which are environmental friendly, less cost and sustainable
energy alternatives. However, all these resources are not available all the time
throughout the year which lead to wide research works on Hybrid Renewable
Energy System (HRES) by combining multiple energy resources. In addition,
energy generated from the HRES is proven to have better quality and more
reliable to end users rather than a system with only a single resource. Malaysia
is located in tropical region which receives solar energy from sunlight
consistently throughout the year. Besides that, Malaysia is also rich with
biomass resources. The prospect of biomass energy resource especially from
the oil palm industry is bright as it has become major sustainable energy in
Malaysia.

The previous renewable energy system (RES) shows significant disadvantages
such as reliability of supply, difficult to generate energy in large quantity,
increasing cost of the diesel oil for diesel generator and CO2 emission. When
the system combines a few resources, the energy generated will be flexible
based on availability of the resources. Combining solar and biomass will be a
unique work as firstly explored. However, without the dispatch strategy, the
total cost of the system is much higher. Besides that, CO2 emission, total net
present cost (TNPC) and cost of energy (COE) can be reduced by the HRES
as compared to the RES.

Therefore, this research works is aimed to develop the best configuration of
HRES mainly combining biomass and solar as renewable energy resources, in
terms of sizing and strategy of operational aspect, with minimum amount of
excess energy and CO2 emission.



The pilot area, where the system was planned to be considered for the
optimization work is the Halal Products Research Institute (IPPH), located in
Universiti Putra Malaysia. The IPPH’s building is operating with a lot of
research high-end equipment which consumes a very high power. The
research started with development of HRES by considering sizing and strategy
of operational aspect with biomass and solar resources either as standalone or
grid-connected systems. The proposed HRES was evaluated by considering
TNPC, COE, CO2 emissions and excess energy.

The evaluation of the energy potential from solar and biomass resources in
Malaysia is presented. The best configuration of hybrid renewable energy
system in terms of sizing and operational strategy by combining solar and
biomass resources for stand-alone and grid-connected, have been modeled.
The results presented for both HRESs are based on adjustment to capacity (or
size) and price of components. The HRES with possible dispatch strategy has
been determined to produce energy to meet the load demand. The
performance of the stand-alone and grid-connected HRES has also been
compared in terms of TNPC and COE. The HOMER is found to be widely
used. Many researchers highlighted the usefulness of the HOMER as
compared to other tools. The analysis can easily be done to evaluate the
feasible and optimal configuration of the system. From the review, HOMER is
chosen to be used to perform simulation and analysis in this research.

Finally, it shows that the stand-alone configuration of HRES with load following
dispatch strategy shows the lowest of producing CO2 emissions and excess
energy.
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Pada masa kini, pembekal utiliti elektrik telah mula mempertimbangkan
penjanaan tenaga hijau kerana pengurangan pesat rizab bahan api fosil dan
perubahan iklim dunia. Antara potensi sumber hijau dan boleh diperbaharui
adalah solar, angin dan biomass; mereka adalah mesra alam, kos yang kurang
dan alternatif tenaga yang mapan. Walau bagaimanapun, semua sumber-
sumber ini tidak boleh didapati sepanjang masa sepanjang tahun yang
membawa kepada kerja-kerja penyelidikan luas pada sistem tenaga boleh
diperbaharui hybrid (HRES) dengan menggabungkan pelbagai sumber tenaga.
Di samping itu, tenaga yang dijana daripada HRES terbukti mempunyai kualiti
yang lebih baik dan lebih dipercayai berbanding sistem tenaga dari satu
sumber sahaja. Malaysia yang terletak di rantau tropika menerima tenaga solar
daripada cahaya matahari secara konsisten sepanjang tahun. Selain itu,
Malaysia juga kaya dengan sumber biomas. Prospek sumber tenaga biomas
terutamanya daripada industri kelapa sawit adalah cerah kerana ia boleh
menjanjikan bekalan tenaga yang lebih lestari dan utama di Malaysia.

Sistem tenaga boleh diperbaharui (RES) menunjukkan kelemahan ketara
seperti kebolehpercayaan bekalan, sukar untuk menjana tenaga dalam kuantiti
yang banyak, meningkatkan kos minyak diesel untuk generator diesel dan
pelepasan CO2. Apabila sistem menggabungkan beberapa sumber, tenaga
yang dihasilkan akan menjadi fleksibel berdasarkan ketersediaan sumber.
Menggabungkan biomas dan solar dan akan menjadi kerja yang unik kerana
pertama diterokai. Tanpa strategi penghantaran, jumlah kos sistem adalah
lebih tinggi. Selain itu, pelepasan COZ2, jumlah kos terkini bersih (TNPC) dan
kos tenaga (COE) boleh dikurangkan dengan pembangunan HRES
berbanding dengan RES.

Oleh itu, kajian ini diadakan bertujuan untuk membangunkan konfigurasi
terbaik bagi HRES terutamanya menggabungkan biomas dan solar sebagai



sumber tenaga boleh diperbaharui, dari segi aspek saiz dan strategi operasi,
dengan jumlah tenaga yang berlebihan dan pelepasan CO2 dipastikan pada
tahap yang minimum.

Kawasan terpilih di mana sistem itu telah dirancang untuk dipertimbangkan
bagi kerja penyelidikan ini adalah Institut Penyelidikan Produk Halal (IPPH),
bertempat di Universiti Putra Malaysia. Bangunan IPPH ini beroperasi dengan
banyak peralatan penyelidikan berteknologi menggunakan kuasa yang sangat
tinggi. Kajian ini bermula dengan pembangunan HRES dengan
mempertimbangkan saiz dan strategi operasi dengan gabungan sumber
biomas dan solar untuk sistem yang berdiri sendiri atau yang bersambung
dengan grid. HRES yang dibangunkan dinilai dari segi aspek TNPC, COE,
tahap pelepasan CO2 dan jumlah tenaga yang berlebihan.

Penilaian potensi tenaga daripada sumber solar dan biomas di Malaysia juga
dibentangkan. Konfigurasi terbaik daripada sistem tenaga boleh diperbaharui
hibrid (HRES) dari segi saiz dan strategi operasi dengan menggabungkan
sumber solar dan biomas bagi sistem berdiri sendiri dan yang bersambung
dengan grid telah dimodelkan. Keputusan yang dibentangkan untuk kedua-dua
HRES adalah berdasarkan kepada pelarasan kepada kapasiti atau saiz dan
harga komponen. Strategi operasi HRES juga telah ditentukan untuk
menghasilkan tenaga untuk memenuhi permintaan beban. Prestasi sistem
HRES berdiri sendiri dan yang bersambung dengan grid yang berkaitan juga
telah dibandingkan dari segi aspek TNPC dan COE.

Akhir sekali, ianya menunjukkan bahawa konfigurasi sistem berdiri sendiri
HRES dengan strategi penghantaran mengikut beban telah menunjukkan
pengeluaran CO2 dan tenaga yang berlebihan pada tahap terendah.
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CHAPTER 1

INTRODUCTION

1.1 Background

There is an increasing development of various renewable energy systems due
to rapid depletion of fossil fuel reserves as well as climate changes recently. In
Malaysia specifically, the renewable energy is a significant agenda focused by
the government through Green Technology Policy (Ministry of Energy, Green
Technology and Water, 2009). As the world oil prices and the cost of
developing the transmission lines increased dramatically with existence of
various programs to reduce carbon dioxide emissions, renewable energy has
become the most important alternative for the supply of power. The cost of
energy produced from a renewable energy source is slightly high but when
several renewable energy sources are combined, cost of energy generated is
less than the conventional sources. The system which consists of a number of
renewable energy sources is known as a Hybrid Renewable Energy System
(HRES). Hybrid renewable energy systems have tremendous potential in
generating more quality and reliable energy than a system based on a single
source. Hybrid renewable energy system can be operated either stand-alone
or grid-connected.

A stand-alone system needs to have sufficient storage capacity to handle
power variations from the renewable energy sources involved. This type of
system can also be considered as a micro-grid since it has its own generation
sources and loads. In a grid-connected system, the alternative energy
generated can supply the power to the local loads either to sell to the utility
grid. The capacity of the storage for this system can be smaller if it is grid-
connected since the grid can be used as a backup system (Balamurugan,
et.al., 2009).

In this work, the hybrid renewable energy system consisting of biomass and
solar energy sources is proposed. The main contributor of the system is
biomass generator, whereas solar panels and diesel generators are the
supported additional sources. These hybrid systems can provide electricity at a
comparatively economic price and sell it to the grid. In order to obtain electricity
from a hybrid system reliably and economically, its design must be optimal in
terms of sizing and operation (Azah et.al., 2012).

Malaysia is a country blessed with a lot of biomass resources. This country has
many types of trees and agriculture commodities, and all of them have widely
been used as significant resources for biomass generator to generate an
energy. Among them, palm oil is one of the largest agriculture commodities in
Malaysia. The by-product from palm oil waste can be used for converting into
biomass energy. The prospect of oil palm related biomass energy resource is
bright as it has become major sustainable energy in Malaysia and worldwide
market. In the development of renewable energy in Malaysia, biomass has



been among one of the most important and widely used. The National Biofuel
Policy was launched in 2006 to promote the use of biomass energy sources
that are environmentally friendly. Under the Five Fuel Policy, the Government
of Malaysian has identified biomass as one of the highly potential renewable
energy sources. In Malaysia, at least 168 million tons of biomass were
produced in a year. The sources of biomass can be from oil palm waste, wood
waste, sugar cane waste and municipal waste. Malaysia is the largest producer
of agricultural commodities in the region. Malaysia is also among ASEAN
countries that promote use of biomass as a renewable energy source
(Bioenergy consult, 2013).

Meanwhile, solar energy from sunlight is very useful and it is a very sustainable
energy. Malaysia is the country that gets solar energy from sunlight
consistently throughout the year. Therefore, more reliable power can be
generated from the solar energy based system. The solar panel with the
various sizes, which is also known as solar photovoltaic (PV) panel, captures
the solar energy using solar cells. The solar cells exposed to the solar energy
will convert the sunlight to the electrical energy which can be used by the local
loads. The solar PV panel can be used for a very long time such as 20-25
years with less maintenance and it also can still generate electrical energy
during cloudy weather. Therefore, potential electrical energy can be generated
with a great growth of PV system, can be seen clearly either as big and small
PV plants or as building integrated PV system.

Feed-in-Tariff (FIT) program was introduced in Malaysia in 2011. The program
is to promote renewable energy to consumers and its benefits by consumers
using renewable energy systems. With the FIT program, the user can re-sell
the additional electricity generated to the electricity provider, which is Tenaga
Nasional Berhad (TNB).

In design of renewable energy system, optimized models need to be
developed for the optimal operation of the system. The number of selected
components, weather data, availability of energy resources, cost analysis and
the best solutions of sizing must be considered for the optimal system. The
best optimal system solution is also considered according to the lowest cost
especially energy per kWh.

1.2 Problem Statement

The Renewable Energy Systems (RES) developed by the other researchers
before shows the significant disadvantages such as reliability of supply, difficult
to generate energy in large quantity, increasing cost of the diesel oil for diesel
generator and CO2 emission. A strong motivation for development of HRES is
to tackle down all disadvantages in RES. When the system combines a few
resources, the energy generated will be flexible based on availability of the
resources. Combining solar and biomass will be a unique work as firstly
explored. However, proper selection of energy resources processed by HRES
is another task which can be done by a dispatch strategy. Without the dispatch
strategy, the total cost of the system is much higher. Thus, developing a HRES



with suitable dispatch strategy is another problem that should be solved.
Besides that, the CO2 emission can be reduced by the HRES as compared to
the RES. However, there are different levels of CO2 emission for HRES such
as emissions from biomass generator, battery and also from grid if the HRES is
a grid-connected system. Thus, managing CO2 emission to low level is one of
the challenges. Finally, another challenge is to reduce cost when developing a
HRES in terms of operation and maintenance cost, logistic cost and price of
equipment involved which need to be minimized as much as possible.

1.3 Aim and Objectives

The main aim of this research is to obtain the best design of hybrid renewable
energy system with solar and biomass resources.

The detailed objectives of this research are:

1) To evaluate the energy generation potential from biomass and solar
PV resources in Malaysia.

2) To determine the best configuration of biomass and solar PV HRES in
terms of sizing and operational dispatch strategies of load following
(LF) and cycle charging (CC).

3) To compare performance of the biomass and solar PV HRES
configurations in stand-alone and grid-connected operations in terms
of total net present cost (TNPC), cost of energy (COE), excess
electricity and pollutant emission.

1.4 Scope of Research

The research scope taken in this work starts with an overview of development
done for HRES in recent years. Furthermore, many research articles about
HRES using renewable sources are reviewed. Then, the preliminary study of
energy generated from renewable energy resources in Malaysia is explained
before the selection of combination of solar and biomass resources is made.

The development of the system started with load data profiling for the identified
pilot building. After that, selection of components and a suitable dispatch
strategy for the system was made. The simulation for the proposed HRES was
done by using the Hybrid Optimization Model for Electric Renewables
(HOMER) software tool. The simulation work is based on 2 operational
approaches, which are stand-alone and grid-connected. From the output of
simulation, the results are compared and analysis is conducted on techno-
economic aspects. These techno-economic aspects are assessed with a
suitable dispatch strategy used by the system, development cost, CO2
emission level and the system excess energy. Finally, the proposed HRES is
expected to produce enough energy to meet load demand with minimum
excess energy, low cost of energy (COE) and low effect of the greenhouse gas
emissions from the system.



There are some limitations on this research work. It has only covered the
weather data for Malaysia taken from The National Aeronautics and Space
Administration (NASA) Atmospheric Science Data Center. In more specific, the
data is for Latitude 2° 59’N and Longitude 101° 42’E, which represents UPM
Serdang, Selangor where of the Halal Products Research Institute (IPPH) is
selected as the pilot area. For solar PV development, data captured by
Sustainable Energy Development Authority Malaysia (SEDA) Statistics and
Monitoring website for year 2013 to 2015 has been used to study how much
renewable energy generation from the solar PV in Malaysia. For biomass
resource data, only palm oil production data maintained by Economic and
Industry Development Division, Malaysia Palm Oil Board (MPOB) is covered.
The data covered is from years 2013 - 2014 available at the website
http://bepi.mpob.gov.my/. In term of techno-economics aspect, all analyses
conducted are in US Dollar currency because HOMER is also using the similar
currency for the simulation purposes.

1.5 Thesis Layout

In this thesis, the studies with objectives related to the research work are
discussed in five chapters as follows:

Chapter one describes the background of research conducted, explanation of
the problem statement, identifying the aims and objectives of research,
followed by the scope of research works and organization of this thesis.

Chapter two describes literature review of the research conducted. The
relevant published articles are reviewed comprehensively and critically. The
main topic reviewed is development of HRES in Malaysia and also worldwide.
Other than that, there are also some reviews on renewable energy resources
especially solar and biomass to be covered. Design, sizing and optimization of
HRES and dispatch strategy are also reviewed. Finally, review on economy
analysis for HRES development is also presented.

In chapter three, the methodology of the research work conducted are
provided. The tool used for simulation of the developed HRES is also
described. The amount of load selected and used for the pilot plant is also
surveyed and calculated in this chapter.

Chapter four covers the results and discussion of all the research findings. The
potential study of energy generated from solar and biomass available in
Malaysia is presented. Then, the results of simulation and analysis of stand-
alone and grid-connected HRESs are explained separately. Furthermore, a
brief discussion on the best design of the developed HRES is also provided in
this chapter.

Chapter five, which is the final chapter, consists of research conclusion. The
whole of research works is summarized and all findings for each listed
objective are also explained. Some recommendations for future works related
to this research work are suggested.
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