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ABSTRACT

The aim of this report is to deliver information’s about the features of fuel
cells. Along with it, this report gives details about activities of renewable energy. It
covers analysis of theories and some experiments done using a set of tool called
Hydro Genius Teach. The experiments are about advantages of fuel cells compared
to other methods that have been used to produce electrical energy from the processes
of renewable energy. Furthermore, methods on how fuel cells operate are also given.
The main objective of this project was to analyse current usage of renewable energy
in the world. The main focus is to do analysis on features of fuel cells as one of ways

in renewable energy.
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ABSTRAK

Laporan ini bertujuan untuk memberikan seberapa maklumat tentang ciri-ciri
fuel cells secara khususnya dan tentang aktiviti pembaharuan tenaga secara
umumnya. Janya meliputi kajian dalam teori-teori dan menjalankan beberapa
eksperimen menggunakan Hydro Genius Teach yang berkaitan dengan kelebihan dan
kekurangan fuel cells berbanding dengan kaedah lain yang digunakan dalam
menghasilkan tenaga elektrik daripada pembaharuan tenaga. Selain itu, kaedah-
kaedah bagaimana fuel cells beroperasi juga diketengahkan. Objektif utama projek
ini dijalankan adalah untuk mengkaji tentang kegunaan pembaharuan tenaga di
dunia. Fokus utama adalah menjalankan kajian tentang ciri-ciri fuel cells sebagai satu

kaedah pembaharuan tenaga.
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CHAPTER1

INTRODUCTION

1.1  Project Background

At present, the large-scale use of fossil fuels is a dominant feature of
industrial societies. It is regarded as essential for the growing, distribution and
preparation of foods, for construction, manufacturing, communication and

organisation, and many other activities.

As we have seen, modern societies, and particularly industrial societies, are
now totally dependent upon the use of large quantities of energy, most of it in the
form of fossil fuels, for virtually all aspects of life. In 1992, the estimated total world
consumption of primary energy, in all forms, was approximately 400 Energy Joule

(EJ) per year, equivalent to some 9500 million tones of oil per year®.

Assuming a world population of about 5300 million in that year, this gives an
annual average fuel use for energy man, woman and child in the world equivalent to
about 1.8 tones of oil. A breakdown of world primary energy consumption by source

in 1992 is shown in Figure 1.1.
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Figure 1.1: World Primary Energy Breakdowns®.

Oil is the dominant fuel, contributing some 32%, followed by coal at 23%.
Coal was once the dominant world fuel, but is now losing ground rapidly to oil and
gas, which has a 19% share. Hydroelectricity and nuclear are used much less, at
around 6% each. The estimated share of traditional non-commercial fuels such as

biomass is around 14%.

To understand how best to make use of renewable sources and also to
understand fully the problems caused by the present use of fuels, we must take a

closer look at the way energy is currently used in industrial societies.

To make some sense of the great variety of energy use, it is necessary to

categorise it. In most official statistics human activity is divided into four main

sectors:

o The transport sector (which includes road, rail, air and water transport, both

public and private, and both goods and passengers)

e The domestic sector (private households)



e The commercial and institutional sector (which includes government
buildings, commercial offices, education, health, shops, restaurants,

commercial warehouses, plus pubs, clubs, entertainment, religious buildings,

and miscellaneous other energy users)

e The industrial sector (which includes manufacturing, iron and steel, food and

drink, chemicals, buildings, agriculture)

The first question to consider is how much energy is used by each sector. The
domestic sector comprises the second most important energy consumer as we can see

from the Figure 1.2.

Energy Consumption For Each Sector (1992-UK)

Commercial &

Institutional =] Con)mgrcial &
Transport 14% Institutional
32% m Industry
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25% 0 Domestic
Domestic & Transport
29%

Figure 1.2: Energy Consumption by Sector®.

The principal uses of energy in the domestic sector are for space heating,
water heating, cooking, lighting and electrical appliances. Most of the energy used,
around 70%, is for low-grade heat for space and water heating. This is generally
provided directly by high-grade sources such as the electricity from thermal power

plants. Figure 1.3 gives an overall picture of energy use in the domestic sector.
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Figure 1.3: Energy Breakdowns in Houses®.

Today the energy related problems that hit the headlines most often are
environmental ones. Various environmental problems look large in the public
consciousness at present. Many of these are largely a result of large-scale fuel use.
One of the most significant problems appears to be that of global warming, a gradual
increases in the global average air temperature at the earth’s surface. The majority of
scientists believe that global warming is probably taking place, at a rate of around 0.3
°C per decade, and that it is caused by increases in the concentration of so called

‘greenhouse gases’ in the atmospheres.

The most significant single component of these greenhouse gas emissions is
carbon dioxide (CO,) released by the burning of fossil fuels. Another side effect of
the burning fuels is acid rain. Some of the gases which are given off when fuels are
burned, in particular sulphur dioxide and nitrogen oxides, combine with water in the
atmosphere to form sulphuric acid and nitric acid respectively. The result is that any
rain, which follows is slightly acidic. This acid rain can cause damage to plant life, in

some cases seriously affecting the growth of forests, and can erode buildings and

corrode metal oxides.



After considering the ways in which energy is used and the scale of its use
and after having looked at the various problems associated with the current use of
fossil and nuclear fuels such as the environmental impact we are now in a position to

look more closely at renewable sources, to see whether and to what extent they could

offer solutions to these problems.

The term ‘renewable energy’ can be defined in several ways, for example
Twidell and Weir (1986) define renewable energy as ‘energy obtained fiom the
continuous or repetitive currents of energy recurring in the natural environment.’
Sorensen (1979) defines renewable energy as ‘energy flows which are replenished at

11

the same rate as they are “used’’, adding that the term renewable energy may be
taken to include ‘the usage of any energy storage reservoir which is being “refilled”

at rates comparable to that of extraction’.

Most renewable energy sources are derived from solar radiation, including the
direct use of solar energy for heating or electricity generation, and indirect forms
such as energy from the wind, waves and running water, and from plants and
animals. Tidal sources of energy result from the gravitational pull of the moon and
sun, and geothermal energy comes from the heat generated within the earth. Energy
from wastes of all kinds is also often included under the heading of renewable

energy.

The use of renewable on a more significant scale than at present would at the
very least replace a further significant proportion of fossil and nuclear fuel use,
thereby reducing the associated environmental impacts. Most of the renewable
sources enable the forms to be avoided, but all have some form of local
environmental impact of their own, ranging from very minor to major impact in the

case of the larger tidal and hydroelectric schemes.

(U 4]



As clearly shown in Figure 1.4, renewable sources are likely to make up more
than 50% of the total energy supply after 2050. While, the use of oil will start to
decline after the year 2020, the message someone can get from the diagram is quite
simple. The power plant for the domestic sector will need to use a fuel that can be
derived from a variety of sources. This means that major structural changes are
needed in the infrastructure of fuel supply and the domestic sector itself.

Sustained Growth: 2% p.a
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|
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ol 8 B
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—e— Renewable —a— Hydro & Nuclear Gas
—=— Coal —x— Oil —e— Traditional Biomass

Figure 1.4: World Energy Generations®.

Summarizing all of the above it can be said that renewable energy sources
seem to be a promising new way of producing energy, better and cleaner from the
energy produced from burnt oil. In time to come, and as the fossil fuel reserves are
getting smaller, renewable source of energy will eventually bring changes worldwide

in the energy sector as they may offer a solution to the matter above.



1.2 Project Aim / Objective

The aim of this project is to investigate the use of renewable energy in the

world today and more specifically, to do investigation in fuel cells characteristic as

the renewable energy using ‘Hydro-Genius Teach’ experiment set.

1.3  Scope of Project

Upon completion of this project, the author will understand the:

1. Advantages of fuel cells over conventional means of power production.

ii. Principles upon which fuel cells work.

iil. Operating principles and chemical reaction of fuel cells.

iv. Comparative advantages and disadvantages of different kinds of fuel
cells.

Roughly, the goal of this project is to become familiar with the principles and

characteristics of fuel cells and to learn how to operate a fuel cell.



1.4 Research Methodology

Light

7 Hr Power

——— -/ PV Cells
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!

Fuel Cells
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Power

Figure 1.5: Methods of generating electrical power from various sources of

renewable energy.

Figure 1.5 shows the process flow to obtain electrical power from several of
renewable energy. Light is the main source to obtain electrical power by using this
method. In this project, light from a lamp is used rather than the sun light. It will be
shine directly to the solar module that is used as photovoltaic cells that will generate
electrical power. The generated electrical power will then be used to perform the
electrolysis process. Hydrogen and oxygen are gases that are produced by the
process. These gases are then distributed or use to flame the fuel cells to generate

electrical power.

This project started with analysis about features and behaviours of the current
and voltage that is generated by solar module (photovoltaic cells). Then, the
characteristic of electrolysis was monitored. Differences between current and voltage
that has been generated from solar module and electrolysis were being compared and

analyzed. Furthermore, this project described about the relation between Faradays



Law and electrolysis process. For the conclusion, the characteristic and efficiency of

fuel cells are also explained.

1.5 Organisation of the thesis

This thesis is divided into 6 chapters.

Chapter 1: Introduction

This chapter describes about project background, objectives and scope of the

project and research methodology.

Chapter 2: Basic Information of Fuel Cells

This chapter discusses basic information of fuel cells including history of fuel
cells, types of fuel cells, applications of fuel cells, benefits of fuel cells in term of

engineering and its advantages over battery. Basic information about battery is also

explained.
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