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Preface 


Applied energy refers to any energy conversion when applied to energy 
systems, which include energy conversion and conservation, energy 
resources and sustainability, energy processes and environment 
applications analysis. 

This book is a simple yet somewhat comprehensive workbook 
for an applied energy course. It is designed in such a way that it 
is geared towards question-based learning, presented in the form 
of objective and practical questions follow by sample answers and 
essential explanatory notes. In this way, the readers can first test 
their prior understanding of the subjects, and to increase their so 
called long-life learning in a quick and enjoyable way. This book does 
not cover every minor detail of energy or applied energy book, but it 
does give you a grasp of all the most important aspects of the study. 

This book can be used as a tutorial and revision manual which 
you start at the beginning and work through to the end. The best way 
to learn is to try out the examples and test for yourself. The book is 
subdivided into 11 sections, each dealing with a separate topic. The 
philosophy of this book is to cover a broad range of the important 

questions of applied energy. 

Mohammad Omar Abdullah 2010 
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Section 1 

Introduction to Applied Energy 

Question 1-1 

Power generating system must have a provision for energy storage. 
Which one of the following is not an energy storage method? 

A) 

B) 

C) 

D) 

E) 

F) 

G) 

Fuel cell 

Power transformer 

Ultracapacitor 

Spring 

Flywheel 

Battery 

Compressed air 

Your answer: 
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Answer: B. Power transformer 

Notes: 

Energy 
storage 
Methods 

Solar pond 

-


• 	 A spring stores potential energy e.g. in a wind up clock. 

• 	 A capacitor stores electrical charge (see Figure 1-1). 

• 	 A supercapacitor or ultracapacitor is an electrochemical capacitor 

that has very high energy density compared to conventional 

capacitor. It is use for supplementary storage for battery driven 

electrical vehicles, backup for wind and solar energy. It has high 

charge and discharge rate capability for energy storage. Wher 

(V); a 
• 	 A flywheel stores energy in a moving and usually rotating heavy 

object called rotational energy. For example, the car engine stores 

energy in a flywheel between cylinder strokes. When energy 
• 	 Ais 	extracted from the system, the flywheel's rotational speed IS 

pE
reduced as a consequence of the principle of conservation of 

to 
energy. 

• 	 A battery stores electrical energy chemically. 

• 	 A fuel cell can store energy chemically similar to a battery; but 

unlike battery, as long as there is a flow of chemicals into the cell, 

fuel cell can produce electricity continuously. 
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Figure 1-1. Photo of a typical capacitor (Photo: M.O. Abdullah). 

Energy stored in a capacitor can basically calculated by the formula: 

Equation (1-1) 

Where Estored = energy stored (J); C = Capacitance (F) ; V = voltage 

(V); and Q = charge stored on each plate of the capacitor (Coulomb). 

• 	 A compressed air storage system stores energy during off-peak 

period and releases the associated energy during peak load period 

to meet high energy demand. 
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Question 1-2 

Notes 
Which of the following statements is / are true in relation to energy 

and power generation? • En 
I) Electricity is useful for providing heat, light and power for sy~ 

human activities. • Ele 
II) 	 Electricity process can be described in 3 stages i.e. electricity en< 

generation, power transmission and distribution. • An 
III) Alternating current electric power lines can transport electricity ger 

at low costs across great distances by taking advantage of the tra 
ability to transform the voltage using power transformers. 

A) I only 

B) I and II 

C) I, II and III 

D) I and III 

E) II and IV 

Elec 
to er 

Your answer: 

• 
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Answer: C. I, II and III 

Notes: 

• 	 Energy density refers to the amount of energy stored in a given 

system per unit volume. 

• 	 Electricity generation is the process of creating electricity from 

energy sources usually by means of turbine. 

• 	 An electrical substation is a subsidiary station of an electricity 

generation, transmission and distribution system where voltage is 

transformed from high to low or the reverse using transformer. 

An electric substation 	 An electric transmission tower 

Photos of an electrical transmission and distribution system 

(Photo by M. O. Abdullah). 

• 	 Electricity distribution is the final stage in the delivery of electricity 

to end users such as homes or factories. 
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Question 1 B-1 	 Ans\1l 

Water is flowing in an open huge pipe at a depth of 2 m and velocity of Note 

3 mj s at Point 1. It then flows down a tube into a smaller pipe where 

the depth is 1 m and at the velocity of 9 mj s at Point 2 (See Figure 
A 

IB-l). Using energy equation, what is the elevation difference Y of 

the pipe? (Neglecting any friction loss). And, what is the maximum 

potential energy generated at Point I? 

A) 2.67 m; 45.81 kJ Subst 

B) 6.27 m; 45.81 kJ 21= Y 

C) 4.65 m; 45.81 kJ And, 1 

D) 6.54 m; 54.81 kJ Then, 

E) None of the above Maxin 

t 
2m 

+ 

Figure IB-1. Water flows through a typical pipe. 

• 	 Tb 
sy: 

th 

• 	 Of 

sy:
9 m/s 

Th 

Wher 

resist 
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Answer: A. 2.67 m; 45.81 kJ 

Notes: 

Applying Bernoulli's Energy Equation, 

Equation (lB-1) 

Substitute 

21= Y +2,2 = 1, V = 3 mls and V = 9 mls2 1 	 2 

And, pl= p2, and g constant =9.81 m/s2, 

Then, y == 2.67 m. (Neglecting friction loss). 

Maximum potential energy at Point 1, E 
p 

= P g h Equation (lB-2) 

1000 kg/m3 X 9.81 X (2+2.67) = 45.81 kJ. 

• 	 The energy analysis of the behavior of water flow in pipelines 

systems can be made by considering the basic flow equation of 

the Bernoulli (Equation IB-2). 

• 	 Often, a water-energy system requires detail analysis of energy 

system performance under variable supply-demand conditions. 

The Darcy formula can be used to analyze the loss of head, 6h. 

f L v 2 v 2 

8h= --=k Equation (1-B3) 
29D 29 

Where, k depends on the inside diameter of flow conduit and flow 

resistance factor f 
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Question 1B-2 	 AnSWI 

A typical electrical generator has power output of 90MW with an Notes 
efficiency of 0.75. What is the rate of energy supplied to the generator 

per hour? • Enel 

• RateA) 4.32 x 1011 J 

B) 2.43 x 1011 J 

C) 1.875 X 1011 J 

D) 3.33 x 1011 J 
• Ener 

Question 1B-3 

A 90MW generator with capital cost of RM700,000 mentioned above 

is operating 11 months yearly. 

AnSWE 
(a) 	 What is the net earning per year if the cost of electricity supplied 

to a commercial area is RM 0.3 per kWh? Notes: 

(b) 	 If the electricity is supplied to a residential area at a lower tariff 
Total h(

electric charge of only RM 0.15 per kWh, and with a reported 
Total er

monthly O&M of 2% of the capital cost due to the need of 
Total n~ 

extra maintenance and other operational costs, what is the 

fate of this new energy scenario? Is the electricity provider still 

making profit? (0 & M :: operation and management). O&Mcc 

RM 1. 

Total ea 

Therefol 

The carr 
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Answer to Question IB-2: A. 4.32 x 1011 J 

Notes: 

• Energy input to the generator::::: 90 MW I 0.75 120 MW 

• Rate of energy supplied per hour therefore is ::::: 120 MW x 1 h 

= 120MWh 

= 432 x 102...J.:... 
(1 MWh ::::: 3.6 X 109 J) 

• Energy input requirement decreases with system energy efficiency. 

Answer to Question IB-3: 

Notes: 

Total hours = 24 h x 30 D x 11 months = 7920 h 

Total energy generated = 90 MW x 7920 h = 7.128 X 105 kWh 

Total net earnings = (7.128 x 105) kWh x 0.3 (RM/kWh) RM 2.138 x 10.2 

O&M cost per year = (0.02 x 700,000) RM/month x (12) month 

= RM 1.68 x 105 

Total earnings (7.128 x 105) kWh x 0.15 (RM/kWh) = RM 1.0692 x 105 

Therefore, Loses = RM (1.0692 x 105 - 1.68 x 105 ) = - RM 6.108 x 104 

The company is facing a yearly loses of RM 61.080. 

9 



r 

Se 
En4 

Ques 

Figur 

soun 

energ 

Section Two A) 0 

B) 6 

Energy sources and supply C) 0 

D) 0 

10 




Section 2 
Energy sources and supply 

Question 2-1. 

Figure 2-1 provides a comparison of worldwide reserve of various fuel 

sources. What is the energy source ratio of fossil fuel to renewable 

energy? 

A) 0.87 

B) 6.7 

C) 0.38 

D) 0.83 

8.0 

5.0 

4.0 

3.0 

2-0 

1.0 

0.0 

01-'-' 

01~ 

--=~-~=-- ~ 
SaIIr. MId, 
IllClWood 

Worldwide energy sources, 2004, (Source: U.S. Department of Energy) 
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Answer: B. Energy source ratio = (38+23+26)/(6+6+1)=6.7 

Notes: 

• 	 Our world's energy resources essentially are derived from the solar 

i.e. 	sun's rays on the earth. 

• 	 Some of that amount of energy has been preserved as fossil energy 

in the form of fossil fuels. While some other energy is through 

energy conversion either directly or indirectly such as wind, hydro 

or wave energy. 

• 	 Fossil fuels refer to oil, gas and coal. 

• 	 Energy source ratio can be used to indicate the amount of a typical 

energy source to that of another energy source. For example, 

Energy source ratio of fossil fuel to renewable energy 

Energy from fossil fuels 
= 	 Equation (2-1)

Energy from renewable energy 

• 	 Fossil fuels refer to oil, gas and coal. 

12 
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Question 2-2 

With Reference to Table 2.2 below, how much percentage increment 

energy usage of oil, fossil fuel and renewable energy, respectively, 

between year 1980 and 2006? 

A) 31%,60%, 140% 

B) 60%, 31%, 40% 

C) 31%, 30%, 40% 

D) 31%,60%,40% 

Table 2.2 World consumption of primary energy resources 

(Source: US Energy Information Administration, 2008) 

Average power in TW 
Fuel type 

1980 2004 2006 

Oil 4.38 5.58 5.74 

Gas L80 3.45 3.61 

Coal 2.34 3.87 4.27 

Hydroelectric 0.599 0.933 0.995 

Nuclear power 0.253 0.914 0.929 

Geothermal, wind, solar energy, 
wood 

0.016 0.133 0.158 

Total 9.48 115.0 115.8 

13 




p ...._--_..._-

Answer: A. 31 %, 60%, 140% 

5.74 - 4.38)
For oil: Energy usage increment = ( 4.38 X100 % = 31% 

For fossil fuel: Energy usage increment 
5.74 + 3.61 + 4.27) - (4.38 + 1.80 + 2.34») 

== ( (4.38 +1.80 +2.34) X100 %- 59.9% 

For renewable energy: Energy usage increment 

(0.995 + - (0.599 + 0.253 + 0.00.929 +0.158) 16)) 139.9%_ 
- (0.599 + 0.253 + 0.016) XI00 % 

Note: 

1 TW (terawatt) = 103 GW (gigawatt) = 106 MW (megawatt) = 109 kW 

(kilowatt) . 
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Question 2-3 

The world annual oil consumption was estimated 0.18 ZJ in 2005. 

Which of the following statements is/are true in describing energy 

sources & supply in terms of the estimation of the remaining oil and 

coal on Earth (see Figure 2-3)? 

fa sands 
2ZJ 

(3.5 1' :.. 

Figure 2-3 . Remaining Oil 

Breakdown  estimation of the 

remaining 57 ZJ oil on Earth 

(Source: OPEC, 2005) 

I) The amount of unrecoverable oil is estimated to almost 39%. 

II) The proven reserves of oil are around 8ZJ or 14%. 

III) The proven reserves of coal are around 909 billion tons, which 

could sustain the current production rate for 155 years. Coal 

large reserves would make it a popular candidate to meet the 

energy demand of the global community, except for global 

warming concerns and other pollutants. 

A) I and II 

B) I, II and III 

C) I and III 

D) I only 

Your answer: 
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Answer: B. I, II and III Quest. 

Notes: Which 

source 
• 	 Crude oilproven reserves can be defined as those oil reserves based 

l) Tlon geological and engineering analysis that are recoverable under 

existing economic conditions. es 

II) GI• 	 The proven reserves of oil are around 8 ZJ or 14%. 
of 

1021 JNote: 1 ZJ (zettajoule) = 

III) Tv 
• 	 The amount of unrecoverable oil is estimated to almost 39%. of; 

hi;• 	 According to the International Energy Agency the proven reserves 

ofcoal are around 909 billion tons, which could sustain the current IV) Oi 
production rate for 155 years. 

ov 

• 	 Coal is the fastest growing fossil fuel and its large reserves would 
A) 

make it a popular candidate to meet the energy demand of the 


global community, except for global warming concerns and other B) 
j 

pollutants. 
C) 	1 

D) 	1 

E) 	1 

F)l 
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