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ABSTRACT

Design and implementation of an efficient yet techno-economic hybrid generator
for off-grid electric supply is challenging. The cost-effectiveness and convenience
offered by off-grid rural electrification system that integrates various renewable energy
sources (RESs) became inevitable for areas where grid connection is neither available
nor feasible. A hybrid combination of renewable energy technologies (RETS) is proven
to be a suitable alternative over expensive grid extension for remote areas worldwide.
This study proposes a hybrid model for electricity generation by assimilating renewable
resources such as solar photovoltaic (SPV) and microturbine (MT) together with
biodiesel generator (BDG) to fulfill the electricity demand of an off-grid remote village
Perkampungan Orang Asli Sungai Jahai, Perak in Malaysia. The suitable renewable
energy resources for the proposed hybrid system are identified to determine the daily
load profile and cost-effectiveness that can be afforded by the villagers. The model is
further simulated using HOMER software to evaluate the optimum performance of the
hybrid system where the abovementioned village is taken for case study. The simulated
results are analyzed, compared, and understood. The load demand pattern of the village
over different months is accurately computed. The sizes of MT, SPV, and BD systems
are optimized to achieve the minimized cost of energy (COE) generation. It is
demonstrated that the use of decentralized RETSs at an off-grid location is indeed the best
alternative towards grid extension. Furthermore, HOMER data reveals the sustainability,
techno-economic viability, and environmental friendliness of the proposed model based
energy solution. The sensitivity analysis by combining MT, SPV, and BD is found to
achieve the COE generation of $0.309 kWh which is much more than the present heavily
subsidized electricity tariff of rural area in Malaysia (3.3 cent/kwWh). Although, the COE
obtained from the proposed hybrid system is nearly 10 times higher but it is significantly
lower than a diesel generator alone ($0.70/kWh). The admirable features of the results
suggest that the proposed hybrid generator may be beneficial for off-grid electricity
generation and supply in remote rural regions.
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ABSTRAK

Reka bentuk dan pelaksanaan penjana hibrid berkesan lagi tekno-ekonomi untuk
bekalan elektrik luar grid adalah mencabar. Keberkesanan kos dan kemudahan yang
ditawarkan oleh sistem pembekalan elektrik luar grid luar bandar yang mengintegrasikan
pelbagai sumber tenaga yang boleh diperbaharu (RESs) menjadi tidak dapat dielakkan
bagi kawasan yang mana sambungan grid adalah tidak tersedia atau tidak dilaksanakan.
Gabungan hibrid teknologi tenaga boleh diperbaharu (RETS) terbukti menjadi alternatif
yang sesuai kepada pelanjutan grid yang mahal bagi kawasan terpencil di seluruh dunia.
Kajian ini mencadangkan satu model hibrid bagi penjanaan elektrik melalui asimilasi
sumber boleh diperbaharu seperti fotovolta solar (SPV) dan mikroturbin (MT) bersama-
sama dengan penjana biodiesel (BDG) bagi memenuhi permintaan elektrik daripada
kampung terpecil luar grid iaitu Perkampungan Orang Asli Sungai Jahai, Perak di
Malaysia. Sumber tenaga boleh diperbaharu yang sesuai untuk sistem hibrid yang
dicadangkan telah dikenal pasti bagi menentukan profil beban harian dan keberkesanan
kos yang dapat diberikan oleh penduduk kampung. Model ini selanjutnya disimulasi
menggunakan perisian HOMER untuk menilai prestasi optimum sistem hibrid yang
mana kampung dinyatakan di atas diambil untuk kajian kes. Keputusan simulasi
dianalisis, dibandingkan, dan difahami. Corak permintaan beban kampung ini ke atas
bulan yang berbeza dikira dengan tepat. Saiz sistem MT, SPV, dan BD dioptimumkan
bagi mencapai kos yang diminimumkan tenaga (COE) generasi. la menunjukkan bahawa
penggunaan RETS terpencar pada lokasi luar grid sememangnya adalah alternatif terbaik
terhadap pelanjutan grid. Tambahan pula, data HOMER mendedahkan kelestarian,
tekno-ekonomi daya maju, dan mesra alam sekitar bagi model yang dicadangkan
berasaskan penyelesaian tenaga. Analisis kepekaan dengan menggabungkan MT, SPV,
dan BD didapati mencapai penjanaan COE bagi $ 0.309 kWh yang jauh melebihi tarif
elektrik yang disubsidi dengan banyak sekarang bagi kawasan luar bandar di Malaysia
(3.3 sen/kWj).  Walaupun, COE vyang diperolehi daripada sistem hibrid yang
dicadangkan adalah hampir 10 kali ganda lebih tinggi tetapi ianya adalah jauh lebih
rendah berbanding penjana diesel sahaja ($ 0.70/kWj). Ciri-ciri yang mengagumkan
daripada hasil kajian mencadangkan bahawa penjana hibrid yang dicadangkan boleh
memberi manfaat bagi penjanaan elektrik luar grid dan bekalan di kawasan-kawasan
terpencil luar bandar.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

Lately, the demand of renewable energy technologies (RETs) for rural
electric power supply is constantly increasing. The large fluctuations and the
intermittent nature of RETs make them somewhat costly. Moreover, often long term
storage is required due to their seasonal variations. Thus, hybrid systems emerged as
suitable substitute by providing cost-effective and reliable electricity supply in

remote areas [1].

This chapter develops a rationale of the research topic and attempt to argue
why intensive research in the cited dissertation topic is absolutely necessary. The
problem statement, objectives, scope of studies and research significance are

underscored.



1.2 Background and Motivation

Undeniably, more than billion people living in rural Asia alone are not
privileged to be benefited from electricity even though the worldwide electricity
generation and transmission has apparently reached to a saturation point.
Consequently, the socio-economic developments of these rural communities are
always hindered due to unavailability of electric power in those areas. These energy
deprived rural communities are always struggling for betterment in life styles.
Education is severely suffered and various inconveniences of storing fresh food and
medicine have significantly reduced their overall efficiency. Furthermore, the
working hours are also slashed due to poor lighting conditions. The economic

growth in these remote communities is limited by the accessibility of electricity grid

[2].

Advancement in the power production based on RETs has opened up new
avenue for providing electricity in remote rural areas. Largely, the remote
communities over the globe are not in access of electricity because of the absence of
national grid nearby. This is majorly due to the high cost involved in the extension
of the transmitting and distributing infrastructure in these remote areas. However, in
some developed nations rural inhabitants generate their own electricity via diesel
generators. The cost of kwWh generated by the diesel generator is considerably higher
than the one from the utility grid and remains unaffordable for those remote
communities. Simultaneously, the involvement of high cost in extending the national
grid over remote areas makes it uneconomical for utility companies to expand it.
Currently, RETs compared to that of grid expansion renders cost-effective solution

for remote communities in supplying electric power [3].

Interestingly, PV systems can be installed in almost any location due to the
availability of sufficient sunlight on almost every part of the earth surface.
Conversely, other energy sources and related technologies are highly accessible

location dependent. For instance, a mini hydro plant requires a river with sufficient



flow rate and a bio energy plant needs an adequate amount of biomass plantation.
Thus, an appropriate energy system in a certain geographical location is chosen by
considering the resources availability throughout the year. Fascinatingly, using
multiple options of renewable energy resources more reliable electricity can be
generated compared to a single renewable energy source. Combination of a
conventional energy source together with renewable sources produces cost effective
and more reliable energy solution. Assimilations of these complementary energy
generation resources based on renewable or mixed energy (renewable energy with a
backup bio-fuel/diesel generator) are termed as hybrid system or hybrid generator.
Accordingly, the achieved grid is called off grid due to its size when compared to the
main grid [1, 4].

The effective operation and implementation of HPSs require careful
consideration of several factors including complex cultural background, political
issues, economic environment, and energy related concerns. The suitability of
installing HPSs at different regions of Malaysia must consider the availability of
RESs in those areas. It is acknowledged that Malaysia receives an average of 12
hours solar radiation per day. Therefore, by combining PV with biodiesel and

microturbine, the shortage of electricity in the rural areas can be overcome [5].

1.3 Problem Statement

In the rural area of Malaysia the access to electricity seems to be ever-
demanding. Meanwhile, the urban communities are yet to achieve reliable electricity
services. Truly, people in rural areas are still dreaming for connecting to an
electricity supply. In 2009, over one million dwellings in Malaysia are still not
electrified those are mostly in rural villages located on large riverbank. Despite

country’s strong economy, the lack of electricity supply has contributed to social



issues such as poverty, poor health services, deprived education, and gender

inequality.

Recently, the environmental concerns are cropped up regarding the
greenhouse gas (GHG) emissions from fossil fuel burning in diesel power stations.
These are known to be the main power generators in Perak state of Malaysia. People
are highly dependent on fossil fuel based electricity production due to its cost
effectiveness and simple combustion process. Although, this source is capable of
generating huge amount of electricity but the environmental pollution due to
emission of carbon dioxide will contribute enormously to global warming and may
lead to acid rain. To overcome this problem the use of hybrid electric generator is
advocated. It must be admitted that the difficulty of supplying electricity to remote
and inaccessible areas are the reason for obvious use of fossil fuel. There are certain
areas where the implementation of grid extension involves high cost and technically

infeasible. Due to this reason stand-alone hybrid system is an ideal option [6].

Finally, the rural electrification programs in Malaysia are always lacked by
insufficient studies, expertise, and experiences. The obstacle among Government
agencies to optimize REP implementations in Perak state aggravated the situation.
Alternatively, Perak state has potential to build a mixed power development strategy
by introducing RE to the existing power generation systems. This work intends to
harness the promising RERs such as BDG, SPV, MT, battery and bio-directional
inverter in Perak. It will make valuable contribution in understanding the possibility
of electricity supply at cheaper rate in Perkampungan Orang Asli Jahai, Perak,
Malaysia.



1.4

Research Objectives

The main aim is to propose an optimal off grid techno-economic hybrid

system design by combining microturbine-biodiesel generator-solar PV to provide

affordable and reliable electricity for a rural community in Perak, Malaysia. To

achieve this goal the following objectives are cited:

1.5

. To identify the suitable renewable energy resources for the proposed

hybrid system.

. To characterize the physical properties of biodiesel fuel.

. To model and simulate of the hybrid system using the HOMER software

package.

. To evaluate the performance of the optimal hybrid system in the context

of Perkampungan Orang Asli Jahai, Perak, Malaysia.

. To determine the daily load profile by selecting component and make cost

analysis of the rural community.

. To compare the proposed hybrid model generated results with the

conventional resources.

Scope of the Study

The scopes of the present research are:

Examine different type of renewable energy sources, storage devices and

conversion system involved in hybrid energy generation system.

. Simulate the impact of different renewable energy sources on the climate

change.
Inspect the fuel local supply to explain how the selected available gas and

biodiesel can be fed into the combustion system of an externally fired



microturbine and biodiesel generator. It takes into account the
composition of combustion gases in relation to heat exchangers and
chimney downstream the combustion.

4. Model the entire design and optimize the off grid hybrid system by
combining microturbine-biodiesel and generator-solar PV with battery.

5. Make a techno-economic estimate to identify the feasibility of affordable
and reliable electricity to rural people.

6. Simulate the model using HOMER software for further techno-economic
analysis.

7. Analyze the simulation results of electricity power generation using
different fuels (B100+CNG) and compare them with the results of
electricity generation using (B20 + CNG).

8. Optimize the hybrid system in HOMER to check the sensitivity.

9. Evaluate the proposed model performance in terms of cost and benefit.

1.6 Benefit of Renewable Energy

Indeed, the renewable resources not only provide environmental friendly
clean electrical energy but also play significant role in ecological benefits. The
supply of electricity via hybrid energy technology in the rural areas of developing
nations can substitute relatively a small amount of fossil fuel. The future fossil fuel
based energy demand seems alarming because this resource is exponentially
depleting. Furthermore, the rapid industrializations and subsequent deforestation
through over-exploitation of wood and charcoal resources will lead to environmental
catastrophe. Thus, the search for alternative route for the electrification of rural areas
is inevitable. The renewable energy resources emerged as new stars in the horizon
due to its natural compatibility and environmental safety in terms of de-pollution
effects and climate protection [7]. To this end, the renewable system distributed

generation of electricity has several added advantages as illustrated in figure 1.1.
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Comparison between the present and future electricity supply

1.7 Thesis Outline

This thesis deals with the optimal sizing of a hybrid renewable energy system
for electrifying a rural community in Perak, Malaysia. The system design,
optimization, implementation, and performance evaluation are the recurring theme.

The thesis consisting of 5 chapters are organized as follows:

Chapter 1 provides a brief overview on the rationale for this study. It includes
the energy situation in the rural areas of Malaysia. Electricity provision, background,
objectives of the study, scope of the study, present status of electric supply for the

selected village and most importantly the need to renewable energy is justified.



Chapter 2 deals with the review of relevant literatures on renewable energy
sources. Various available technologies used for generating electricity and their

advantages and disadvantages are emphasized

Chapter 3 describes the detailed methodology that is required to fulfill the
proposed objectives. The main components of the designed hybrid system together
with the relevant characteristics of the system components such as electrical
characteristics, costs, operation, and maintenance issues are highlighted. The site
meteorological and load data are also discussed. Finally, the modeling of the hybrid
system using HOMER software and subsequent simulation processes are

demonstrated.

The results obtained from the HOMER simulations are discussed in Chapter
4. The results of the optimization and sensitivity analysis, the selection of the
optimal hybrid configuration and the performance of the selected system for varying
conditions of load, solar, palm oil and natural gas resource are explained. The basic

design of the hybrid system is illustrated.

Chapter 5 concludes the thesis with the notable contribution and future
outlook. Due to time constrains is it not possible to give full justice on the topic.

However, this research has bred new problems which are worth solving.
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