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1 Energy Introduction

Any activity requires energy. Human’s life will perish without energy to sus-
tain. The amount of energy for a person’s survival is 0. 5lit. of oil equivalent®,
but the actual amount of individual energy consumption in daily life is 9. 3lit. of
oil equivalent, ensuring various needs, such as cooking, cooling and heating

houses and commuting to work or school.
1.1 History of Energy Utilization

Human’s utilization of energy involves three phases—manual and animal la-
bor age, mechanical age and electric age. Initially, human and animals acquired
energy through food intake. Manual and animal labor was the approach to accom-
plishing human beings’ activities. Then in 1785 the industrial revolution occurred
and a mechanical age started. The invention of the steam engine by James Watt of
Scotland symbolized this revolution. Steam replaced manual and animal labor and
was widely used in the industry. The appearance of internal combustion engine®@
in the late 19" century further accelerated the trend. In 1888, the invention of
the commercial induction motor® by Nicola Tesla and the commercial availability
of electrical power started the new electrical age. Application of machines and
electricity accelerated energy requirement. Now energy is so crucial to modern

society and human civilization.

@ oil equivalent n. phr. 24k, FHARMEMAPETTESFEBREBROSEFERE, | Tramyi
BIPVE, B ER42.62 J6EE (M) HH.

@ internal combustion engine n. phr. PRI

@ induction motor n. phr. JEY HE B
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In this process, coal started the industrial revolution in Britain and promo-
ted the revolution worldwide. Petroleum laid the foundation for the world economy
after the Second World War. It can be said that energy is the basis of economic
growth and world development.

Here the importance of petroleum should be mentioned again because it con-
tributed a lot to the development of new energy sources, such as solar energy,
wind energy, biomass energy®, etc. 1973 is a crucial year when the oil shock@
happened and influenced energy security. Before 1973, petroleum powered the
world as a secure and cheap fuel and the world economy developed rapidly. In
October of that year, Organization of Petrol Exportation Countries® ( OPEC) put
an embargo on oil production and started the oil-pricing control strategy. The oil
prices surged four times, causing a severe energy crisis the world over and bring-
ing an end to the era of ample and cheap oil. This energy crisis further incurred
global inflation and became an economic crisis. For the first time, developing al-
ternative energy sources became an urgent issue for governments of all coun-
tries. The second “oil shock” hit the world in 1979 because of sharp decline of
output due to Iran revolution. By the end of 1980, the price of crude oil was 19
times what it had been just ten years earlier. The second oil shock again triggered
the governments’ panic of energy crisis. Consequently, more allocation from the
governments and research promoted further development of alternative energy

sources.
1.2 Energy Demand

Energy is not always affordable or accessible to all. Energy poverty is found
in developed and less developed countries, in cities and countrysides.
Access to modern energy services is still low in developing countries and this

lack of access disproportionately affects the least developed countries (LDCs).

(D biomass energy n. phr. 4= ¥] ) fit
@ oil shock n. phr. £ f17E %
@ Organization of Petrol Exportation Countries n. phr. 4yl EI4H4, W7 F 1960 4E,

3



1 | Energy Introduction

Statistics from the UNDP/WHOQ® Report 2009 revealed the large gap between
energy demand and energy supply. Three billion people still rely on solid fuels,
traditional biomass and coal. Two million deaths annually are associated with the
indoor burning of solid fuels in unventilated kitchens. About 44% of these deaths
are children; and among adult deaths, 60% are women. Nearly a third of
humanity has no access to modern energy services. One and half billion people are
still living in darkness. To achieve universal energy access, the global community
must take specific and far-reaching measures to massively scale up initiatives to
expand access to modern energy services for the poor and un-served. Meanwhile,
energy poverty exists even in developed countries. In the cases of the United
States and the UK, low income households and households on tenant basis are
usually fuel-poor. They have, on average, less efficient houses and the elderly
are more likely to be energy-poor.

According to the World Energy Outlook® 2008, cities consumed two thirds
of global energy in 2006. This proportion is expected to grow to almost three quar-
ters by 2030. Substantial energy is required to meet types of energy consumption,
such as transport energy consumption, water supply, increasing demand of elec-
tricity by high-rise buildings, and higher demand of air-conditioning due to heat
island effects in compact cities. Population growth in cities also implies higher
absolute energy demand. In rural areas, more people suffer energy poverty. Some
energy-poor households find it difficult or impossible to get access to electricity.
Others may have access but be unable to afford available energy service to heat
their houses in winter to acceptable temperature.

In the report by the United Nations’ secretary-general’s adversary group in
2010 on Energy and Sustainable Future, two issues were identified as priorities—
improving energy access and strengthening energy efficiency. Expanding access to
affordable and clean energy is critical for enabling sustainable development across

much of the globe. [

(D UNDP/WHO n. abbr. United Nations Development Programme/World Health Organization, BX#&
BT R R iR DA
@ World Energy Outlook n. phr. (it AAEHE/RE), REPRRERE (IEA) EAKFERSE.
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1.3 Classification of Energy Sources

Energy sources can be classified in various aspects—origin, method of ob-
tainment, usability®, long-term availability, property, commercial application
and pollution to environment. The contents of the classifications are overlapped to
some extent.

1. Based on origin

(a) Fossil fuel® energy (from coal, petroleum and natural gas)

(b) Nuclear energy

(¢) Hydro energy®

(d) Solar energy

(e) Wind energy

(f) Biomass energy

(g) Geothermal energy®

(h) Ocean energy (from thermal, tide and wave, etc. )

(i) Hydrogen energy®

2. Based on method of energy obtainment

1) Primary energy sources©® (PESs)

Primary energy is an energy form embodied in nature and still not being sub-
jected to any conversion or transformation process. > Primary energy sources can
be non-renewable or renewable. These energy sources include coal, crude oil,
natural gas, solar energy, wind energy, hydro energy, biomass energy, nucle-
ar fuels, etc. These sources are generally in raw forms and generally cannot be
used directly. They need processing and conversion to meet the requirement of the

users in a usable form.

usability n. a] ¥

fossil fuel n. phr. £ B8Rk

hydro energy n. phr. 7Kg

geothermal energy n. phr. Hi#ifE
hydrogen energy n. phr. & fE

primary energy source n. phr. — /K fE R
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1 | Energy Introduction

2) Secondary energy sources

Secondary energy sources are obtained from primary energy sources and
become available to a consumer after processing or transformation. They are high-
qualified and easily used. Thus, they are also known as usable energy sources.
Secondary energy sources include electricity, steam, hot water, coke, coal
gas, hydrogen energy, etc.

3. Based on usability

This kind of classification is based on technological maturity of an energy
source.

1) Conventional energy sources®

Conventional energy sources are traditionally utilized, technically matured,
and are widely used in large-scale production, including fossil fuels, hydro
energy and nuclear energy.

2) Non-conventional energy sources

Non-conventional energy sources are less developed than conventional energy
sources or still in research. They are also known as new energy sources or alterna-
tive energy sources?, including solar energy, wind energy, biomass energy,
geothermal energy, ocean energy and hydrogen energy.

4. Based on long-term availability

1) Renewable energy sources

The supply of renewable energy sources is not reduced by human’s consump-
tion and renewed by nature. They are hydro energy, solar energy, wind energy,
biomass energy, geothermal energy, ocean energy.

2) Non-renewable energy sources

Non-renewable energy sources are finite and their formation requires millions
of years, which means they can not get supplement after being consumed and

confront the risk of depletion. They are fossil fuels and uranium.

(D conventional energy source n. phr. fE4ERER, H HILAEIR
@ alternative energy source n. phr. #{LHER

. 5.
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5. Based on properties

1) Energy containing sources®

This form of energy sources are materials providing energy. They can be
stored and transported directly, such as fossil fuels, wood, nuclear fuels, hy-
drogen, etc.

2) Process energy sources®

They provide energy in the process of physical movement of materials, such
as electricity, hydro energy, wind energy, tidal energy, wave energy, direct
solar radiation, etc.

6. Based on commercial application

1) Commercial energy sources

The secondary usable energy sources are classified as commercial energy
sources because they are essentially harnessed in commercial activities. Electrici-
ty, petrol®, diesel®, natural gas, etc. belong to this category.

2) Non-commercial energy sources

Non-commercial energy sources are those collected by individuals in nature
and directly used without commercial operation. Wood, animal dung cake, crop
residue, etc. are categorized as non-commercial and are typically used in rural
areas.

7. Based on pollution to the environment

1) Clean energy sources®

Clean energy sources are less or not contaminative to the environment. Solar
energy, hydro energy, ocean energy, hydrogen energy, etc. belong to this form
of energy sources.

2) Non-clean energy sources

Energy sources which are contaminative to the nature are known as non-

clean energy sources. Coal and petroleum are the representatives of this form.

@ energy containing sources n. phr. & fE{ARRE T
@ process energy sources n. phr. i3 FEH:REUR
@ petrol n. 5l

@ diesel n. %&7h

®

clean energy source n. phr. {HiEREWR, A RETR
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1.4 Energy and Environment

Human’s civilization is established on the generation and consumption of
energy, while the two activities are accompanied by environmental degradation®.
Conventional energy sources are cheaper, and more convenient to be delivered
and stored than non-conventional ones, so they are universally available at pres-
ent. Such as heat, carbon dioxide, carbon monoxide, nitrogen oxides@, sulfur
oxides, ozone® (0,), heavy metals, particulate matters®, etc. These pollu-
tants impair the self-cleaning capability of the environment, deteriorate its vari-
ous recycles, such as water cycle, nitrogen cycle and carbon cycle, and disturb
its ecological balance''.In a word, human interference has exceeded natural

limits.
1.4.1 Global Warming

Global warming is closely associated with the greenhouse effect®, a physical
property of the earth’s atmosphere'*’. Solar radiation at the frequencies of visible
radiation ( visible light, i. e. short wave) largely passes through the atmosphere
to warm the earth’s surface, which then emits this energy at the lower frequencies
of infrared thermal radiation® (long wave) "’ to the space. Greenhouse gases®
(GHGs) , including carbon dioxide (CO,), methane® (CH,), nitrous oxide
(N,0)®@, ozone, and water vapor, in the atmosphere make it absorb more

infrared energy than it re-radiates to the space, resulting in a net warming of the

D environmental degradation n. phr. 55iB1/L
@ nitrogen oxides n. phr. HEMNY, 4% N,0, NO, NO,, N,0, %, ERAKA AN FER
—HME (NO) M—HALE (NO,), HIFHE A ALY —BRX & M EFR.
ozone n. R4
particulate matter n. phr. JUBI %)
greenhouse effect n. phr. &2 %)
infrared thermal radiation n. phr. £[4p AR ST
greenhouse gas n. phr. JHZE S &
methane n. B fE
nitrous oxide &4k IV &

©O®8 e e



Energy Englisﬁégill)) P
L @ S 4

earth-atmosphere system and rise of surface temperature. This is the “ natural
greenhouse effect” . The earth’s atmosphere system balances absorption of solar
radiation by emission of infrared radiation to the space. (41 (Fig. 1. 1) However,
the increased anthropogenic® energy activities lead to further increase in the con-
centration® of greenhouse gases in the atmosphere. Excessively emitted CO, is the
major contributor of global warming. CO,constitutes more than 50% of GHGs. The
CO, emission from the developed countries accounts for more than 80% of the
world total. Meanwhile, manmade matters like chlorofluorocarbons® ( CFCs),
sulfur hexafluoride®, intensify the damage to the balance of absorption of solar
radiation and emission of infrared radiation. As a result, those GHGs trap more

infrared radiation in the earth’s surface, leading to the “enhanced greenhouse
effect” ®, [¢]

Solar radiation powars
the climate system.

Some solar radiation
is reflected by

About half the solar radiation
is absorbed by the
Earth's surface and warms It Infrared radiation is
omitted from the Earth’s
surface.

Fig 1.1
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concentration n. Y&
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