IHERAEELERTRANGE

LEESHE +TTE MUMH
MERMESTRELRIIEM

HER 8 R

BeE AEM

ERXEEYYS



LEEHEHE “TZL” AREM

#1aEIR T\ = E S

AR 4 &K -

BAiE REA

4% % M i+

43z



& & N

APXTARFHAE WEE EVRAE. RS LW RERAE T
ARG, FIN TR B AN & RSOk, 3 =308
BERAIREL, BIR. PRl FFRNA. B NAMTI R RIVR K TEH
TET 2R, BAMRBEHEEEE T B REIREIARREIR, [F A4
Bt STARATLIGE

ARBNEEE. BSOHFR. WAL, WL RS BB A
FARF ML AR E BT FUAL (K% b TR B BUAR X URAE 1B
AT NS R TR TREARARFEHEA RS,

EHEMRSE (CIP) 28R

BrREUR & LSRR/ B R . — LRt RBlEHARAL, 20167
HEESHE =07 B
ISBN 978-7-03-049133-6

[. OF- 1. O . OFfeFE-E- TS ER-#M
IV. ®H31

o E A B 454 CIP B (2016) 55 143234 5

TR, & T KW / TR FmE
FAEREPH: RRE / HEaRit. RARE

“4 4 & K B iR
AR AR ALST 16 5
HRBU R ES: 100717

http://www. sciencep. com
REFTEGB LPHABLE A ER
P M RAT A a4

E 3

20164 7 H® — W P4 720X1000 BS
2017 45 1 HE ZIKEIRI ENgk: 16

FH: 323 000

Efr: 48.00 7T

(A ENE R RS, AL BT



Bl &

RERBIAR K EF W AR S HRBE, L AREEEXRNHENEN .
ELPRAK ARG, W n AR SRR, 205K e FEK K
iR A R B2 TR AR, AN REFHFEERKF . “WERITRGH, R
HOER R REREVE RS, B & B BT R . FE R BRIREEYS R sEVR fa vl H 28 ™ = i1
AR, WHFEFOH BLREUR KA HI X AR RV G AL RS E R BAE BE LB 1O 7T ¢
SR RAAEER Y. HEAN -FMEERNSERUKZH TR, EREER R
KR (5 BEERUAA AT H o —Fh E BR LR E S ML SE TR . #5558
RER 5 Nl 5 2L 3 RE YR TSR ) 2 A N AR BOR A 53 3R [ A1 38 BE U 5 T O R BR A3
B KEZFMETABOR K AHT 72 .

AHAEY LEREIEML . KIHAE. KAE. KAE. WFERE. HYRE. HaE.
SRR AR ST T R AR R F R FFi [ . AR433E5r 8 F: 58 1 T
I AT REUR B R A AR, BHEHT REVR IOBE R . AP, ARNIT KA AR . 8 2~
7 BN A ERBAEUR, X BEURM R B, ek FFRNA. B
WEMTL A IR TG HAE T 21 B3R, e KPR BE ik B3 T Ml i RE TR AR R AR,
[l i BE 6 AL 1 2% > i U AT ML S8R . 38 8 TN T e BEIMERERM R, AN A
TR SR

G REUR & ML Ze B LA ) 4 B G 48 IESCMRG 21, B —BIon A R
ERSEXE B, DURKAER R . DR R I AR BE ) AR RO, g
RO TR TR SEEFERT, FHRKEGREENDHMTEBERT. B)E
M T HE RSSO BEER Ty, URHBNEERAGIGELHE . BhEAmBek
Wiz, AERGNR, wRAKEWRCEERRm .

APHERFER. TR GEFE. AFMTHARS, BEXTATLRNIRA
SE R o RAEE T2 B BEVR Tk 2013 ST 5 [ ) S RV 06 7] 22 0 A 5 O B R R RS
T KRBT, WRAETEGYES R TR A4 1 H AR T K
NFF, BRBSHEMAMAHTEHASMIXER, ZENMEE TABRAE, Eik—F
Rl . RN, KBEINEMEREERM, FEFTE - EIENKR, X
LR7E.S /S=will: i

FREIRI T A RMFI I BeoR Rl KRR, B TEEKEFER, Bt
AARNMGR LA, BESLER. RN KREEAEGH.

&
20154 12 A



HS

Chapter 1 Introduction t0 MW emergy - -« sssseerrrsmtniit e 1
1.1 Non-renewable versus renewable EIIETQY ++veeeeeesesrsssmrssssinss sttt 1
1.2 Kinds Of renewable ETNCE T wmsemsmssvesswaumesmeye v el B eSS e el oo BT o e 6
1'3 The advantages Of renewable energy ....................................................... 22
1.4 Future energy perspectivcs ...................................................................... 25
QUIBSHIOIIS ##+ v+ vsessessssrem et 30
B A A AT TG 1o emermenssem et 30

Chapter 2 Solar energy ........................................................................................... 34
2.1 BaSiCS Of SOlar radiation .......................................................................... 34
22 solar thermal power ................................................................................ 41
2.3 Photovoltaic pOWer GEeneration «+ = ssessrsssssiminsssssssmninssnss s 52
QU T OIS 4+ 81
XD TEIE AT CANFE[T? corermrrrmmireniiniinis 81

Chapter 3 Wind power ............................................................................................ 87
3.1  Energy from the Winds et 87
3.2 Basic knowledge Of Wlnd (20 (= ¢ 1y LRl C S e B R DL S C Rt s 90
33 The advantages Of Wlnd ooy S e L S L L Lt e e 96
34 Possible problems Wlth Wlnd - (o 1y R B S S 99
3.5 The future Of Wlnd =3 153 ) e T e e 103
Questions ....................................................................................................... 106
TETE AT () v 106

Chapter 4 Hydropower and 0CEaN @MErgy: -« ttrerrsemiisiiiiii i 112
4_ l water TESOUICE AIEAS *=rr v e rsrersrertsssttossiieietintistsirarssrsteisatiiiitinisiesioasanons 1 12
4.2 Hydropower .......................................................................................... 113
4.3 QOcean o = A e R e i e e 126
Questions ....................................................................................................... 134
%fﬁ'})}\"ﬂjﬂ‘ﬁ%& () weremememe e 134

Chapter 5 Biomass (5111 5 o, e e e e b b e e 138
I T R TR AE I SRS SIS S ST NS 138



5.2 Bioenergy technologies =+« st 140

5.3  Biomass ProduCtion + =+t ssssrsrssssssssnsisiimsniitaiiiitisisss s 150
5.4 Production and use of biodiege] - «w++==srsreeessrreresamuirriaiiiieeiireeeeiieeens 158
5.5 Combustion and gasification technologies -+ ++sssssesesssesensnasnninins 161
56 The advantages ..................................................................................... 168
Questions ....................................................................................................... 169
e ) AR N T RGO —— 170
Chapter 6  NUCIEAT @Mergy -+ -+t ssstssststrttsst ettt 175
6.1 Nuclear power and the environment «+:«: seeerveseesrsmss 175
6.2  NOCTEAE FIEGIDrsrrerrermr cvners vassressnontsnsstas sosmamsnsucons vestrmpssmbess soosases cronsvens 177
6.3  INUCIEAL FUSTOLLxw=++=e+=owswxrovesss vevevennnssnn evenssnnismsnessoss o sinsanse vesevesens oh e sssve 182
6.4 Compare nuclear fusion vs. nuclear fission:« -« = rereesrmrermrremniin 184
Questions ....................................................................................................... l 85
FHIEAT T (7)) eevrmrnrrmnreriiiiii i 186
Chapter 7 Hydrogen emergy -« - sttt s 194
71 Preface .................................................................................................. 194
7.2 Hydrogen and energy system ................................................................. 196
7.3 Long-term visions for the hydrogen society: -+« +sseseseireessiniiiinnns 199
7.4 Hydrogen system energy technologies -« e eussmsasniniiniiniiins 202
7.5 Hydrogen-environmental and safety aspects -« «++sssseersssemisiniiiiiiiiin, 215
Questions ....................................................................................................... 219
FHTERE TG () coreerrmrrrrers it b s 220
Chapter 8 Advanced materials for energy storage .............................................. 225
8.1 Preface .................................................................................................. 225
8.2  Superconducting materials «+- -+ sessersrrssrsininissisin s 227
8.3 GIAPREIIE -+ ++ s sesestes sttt st 231
QUESEIOTIS #+1+ e 4ssaessaeses 235
R TR TR T ANET ] -vonevr wrmesonesascemamunscensamamtso s ems sena s smomens s v i s s wb e 236
- g 4 == B 7 T RTTTT PR 239
B TR - oveereeerere e 249

o jy e



Chapter 1 Introduction to new energy

1.1 Non-renewable versus renewable energy

1.1.1 Non-renewable energy

Energy is all around us in different forms, such as light, heat and electricity. Much
of our energy supply comes from coal, oil, natural gas or radioactive' elements. Fossil
fuels provide about 80% of the global energy demand?, and this will continue to be the
situation for decades to come. They are considered non-renewable’ because once they
are removed from the ground and used, they are not immediately replaced. In fact, the
world’s natural gas, crude® oil and coal deposits’ took millions of years to form.
Uranium®, which is used for nuclear energy, has limited supply as well. Humans will
use up most of these deposits in less than 200 years. Once they are gone, non-renewable
energy supplies cannot be replaced within human time scales’.

As plants8 and animals die, they decompose9 (break down) in the earth. Over time,
they become covered with layers of dirt.” After millions of years, these plants and animals
remains turn into fossil fuels. Fossil fuels can be solid, liquid or gaseous—coal, oil or
natural gas. People burn fossil fuels to produce energy. A home, for example, may be
heated by oil or natural gas. A power plant10 may burn coal to produce electricity. For
many years, fossil fuels have been a readily available, fairly inexpensive way to provide
energy, so they have been widely used. In fact, fossil fuels currently'' provide 85% of
the energy used in the United States. Unfortunately, however, there are problems
associated with people’s dependence on fossil fuels.

Fossil fuels are called non-renewable energy sources. It took millions of years for
the fossil fuels we rely on today to form. Once we have used up all of the coal, oil and
natural gas currently under Earth’s surface, there will be no more coal, oil or natural gas
to replace them. Fossil fuels are being used much faster than they can form. It is
impossible to determine exactly how much longer these resources will last. Many experts
think, however, that our coal reserves may not last longer than 130 more years. They
expect oil and natural gas to run out even sooner.



New Words and Expressions

radioactive /rerdiou'aktiv/ adj. JBU MM

demand /di'maind/ v. B3R, ERK n Tk, EK
non-renewable AN ] FA: [

crude /krud/ adj. HHEER), R, RKINLHE » FEHE, KAV
deposit /di'pozit/ n. &, VLY, FAM v BHE, HE
uranium /ju'remiom/ n.

scale /skell/ n. MR, &5 v WE, #F

plant /plant/ n. tHY), ®&, T] v Fifl, &, &
decompose / dikkom'pouz/ v. ZHfi#, I

10 apower plant & H /)

11 currently /karontli/ adv. 34§, HA#l

O 0 9 O Ui A W N —

Notes

DOver time, they become covered with layers of dirt.

B N E R, e (EBMEhY) MRESESREENTGS.

1.1.2 Non-renewable energy and the Environment

One problem with fossil fuels is the negative impact they have on the environment.
Burning fossil fuels creates a type of pollution called soot', as shown in Fig.1-1.

Fig.1-1 Pollution created by burning fossil fuels

These tiny particles mix with water particles in the sky to create smog—a
gray-brown haze that hangs in the air.” Smog has been linked to lung disorders’ such

e«



as bronchitis’® and asthma®. According to experts, the pollution from coal-fired plants is
responsible for more than 23,000 premature’ (early) deaths in the United States every
year. In contrast, the technology used in the wind industry gives off no harmful
emissions’. The wind industry has recorded only one death among members of the
public (people who are not wind industry workers) in 20 years of operation. The person
killed was a German skydiver7 who flew off course and parachuted8 into a wind plant.

When coal and oil are burned, they give off or emit, sulfur dioxide’ and nitrogen
oxides'’. When these chemicals mix with other compounds in the atmosphere, such as
water and oxygen, they create a toxic (poisonous) solution of sulfuric acid and nitric
acid.® 1f these chemicals are present in areas where there is wet weather, they create
acid rain (which also includes acid fog, snow and mist) , as shown in Fig.1-2.

AZERIT

Fig.1-2 The interrelations between acid rain and ecosystem

Acid rain can harm and even kill trees, fish and other living creatures where it falls.
In the United States, about two-thirds of all sulfur dioxide and one-quarter of nitrogen
oxides in the air come from power plants that create electricity by burning fossil fuels
such as coal.

The burning of fossil fuls also releases greenhouse gases, such as carbon dioxide
and methane''. Some greenhouses gases are found naturally in Earth’s atmosphere. They
help keep the planet’s temperature stable. Sunlight passes through the atmosphere to
strike Earth. Some of the solar energy is absorbed, and a large amount of it bounces back
toward space. Some of the solar energy that bounces back is trapped by the greenhouse
gases that are naturally in the atmosphere. If the right amount of solar energy is radiated
back into space, the surface temperature of Earth will remain generally constant.
Unfortunately, the emission of greenhouse gases—such as those created by burning
fossil fuels—is upsetting this balance, as shown in Fig.1-3.
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Fig.1-3 Greenhouse effect

In the past 150 years, there has been a 25% increase in the level of certain
greenhouse gases, especially carbon dioxide, in the atmosphere. Normally, the process of
plant photosynthesis naturally regulates concentrations of carbon dioxide.” Unfortunately,
human activity produces so many tons of carbon dioxide emissions that there is too much
for the world’s plant life to absorb. This imbalance has led to an ongoing increase in
concentrations of greenhouse gases in the atmosphere. Experts have determined that,
over time, the rising concentration of these gases will produce an increase in Earth’s
surface temperature, as shown in Fig.1-4.
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Fig.1-4 An increase in Earth’s surface temperature



Most scientists believe that these rising temperatures may cause changes in sea level,
precipitation'? (such as rainfall) and the seriousness of storms. This warming of Earth’s
surface and atmosphere is commonly referred to as global warming or global climate
change.

Climate change could affect every part of the planet. As the glaciers" and large
sheets of ice start to melt, sea levels could rise, causing small islands and coastal lands to
become flooded. As the glaciers continue to shrink, other areas that rely on glacial run
off from mountains for fresh water could face a severe shortage of water. Rainfall in
other areas could decrease drastically”.

New Words and Expressions

1 soot /sut/ n. $EMH, WM v BEMHFEME

2 disorder /dis'o:do(r)/ n. JBEL, ZHE v MHIEEL
3 bronchitis /bran'kartis/ n. XHER

4 asthma /'msmo/ n. Wi, BENG

5 premature /'premotfo(r)/ adj. TFM, EETH
6 emission /i'mifn/ n. HEE FEE, HEW

7 precipitation /prisipr'terfn/ n. YliE, B

8 skydiver /'skardarvo(r)/ n. BkriZzh R

9 parachute /'parofut/ n. PBEESR v Bk

10 sulfur dioxide —SHALHR

11 nitrogen oxides L&

12 methane /‘midemn/ n HHE, HS

13 glacier /'glasio(r)/ n. ¥K¥F, ¥K)I|

14 drastically /'drastikly adv. KKHL, )KL, BFIH

Notes

(DThese tiny particles mix with water particles in the sky to create smog—a
gray-brown haze that hangs in the air.
XA/ S R NV S TR E — IR B EZ P IR KB .

@When these chemicals mix with other compounds in the atmosphere, such as
water and oxygen, they create a toxic (poisonous) solution of sulfuric acid and
nitric acid.

XY RS KPS Y (Bl KRES) BEN, BN
T — T B R R A R VA W




(3®Normally, the process of plant photosynthesis naturally regulates concentrations
of carbon dioxide.

WHEFLT, HAEEERS B3 S8 AHRKE.
1.1.3 Renewable energy

Global demand for all forms of energy is expected to grow by more than 44% by the
year 2030. Since there are problems associated with the traditional use of fossil fuels,
many people think that finding alternative’ energy sources—sustainable’ energy
sources—should be a priority. Sustainable energy sources can help meet the world’s
needs without harming the environment or depleting3 all of the resources. To meet that
goal, experts are looking at renewable energy sources, such as wind, solar and water
pOWer.

Renewable energy on the other hand quickly replaces itself and is usually available
in a never-ending supply. Renewable energy comes from the natural flow of sunlight,
wind or water around the Earth. With the help of special collectors, we can capture4
some of this energy and put it to use in our homes and businesses. As long as sunlight,
water and wind continue to flow and trees and other plants continue to grow, we have
access to a ready of supply of energy.

New Words and Expressions

alternative /ol'tamotrv/  adj. BHARE), H/IEK n ATHEFEREY
sustainable /so'stemabl/ adj. A R4

deplete /dr'plist/ v. R, AR

capture /'keeptfo(r)/ v. 3K, HWM n HIK, FHiE

AL N =

1.2 Kinds of renewable energy

1.2.1 Solar energy

For billions of years, the sun has poured out huge amounts of energy in several
forms, including light, heat, radio waves' and even X-rays. The earth, in orbit around
the sun, intercepts” a very small part of the sun’s immense output. On the earth, direct
sunlight is available from sunrise until sunset, except during solar eclipses’. Solar
collectors and modules’ are designed to capture some of the sun’s energy and change it
from radiation into more usable forms such as heat or electricity. In fact, sunlight is an
excellent source of heat and electricity, the two most important forms of energy we

6



consume. Solar energy is becoming increasingly popular for remote power needs such as
telecommunication towers, agricultural applications (irrigation and pasture management)
in tropical countries that are not connected to an electrical grid, for heating swimming
pools, and many other applications around the world.

Solar energy in one form or another is the source of nearly all energy on the earth.
Humans, like all other animals and plants, rely on the sun for warmth and food. However,
people also harness the sun's energy in many other different ways. For example, fossil
fuels, plant matter from a past geological age, is used for transportation and electricity
generation and is essentially just stored solar energy from millions of years ago.
Similarly, biomass® converts the sun's energy into a fuel, which can then be used for heat,
transport® or electricity’”. Wind energy, used for hundred of years to provide
mechanical® energy or for transportation, uses air currents that are created by solar
heated air and the rotation’ of the earth. Today wind turbines'® convert wind power into
electricity as well as its traditional uses. Even hydroelectricity is derived from the sun.
Hydropower"' depends on the evaporation of water by the sun, and its subsequent return
to the earth as rain to provide water in dams'?.

The solar radiation can be used principally as a source of heat, particularly in the
forms of domestic hot water consumption, crop dying, power heat engines, power for
refrigerators and air conditioners. China is a producing and also a consuming country for

solar thermal application, as shown in Fig.1-5.
« *m'f‘r‘*'“‘lj

Fig.1-5 Solar thermal application in China

Photovoltaics'’ (often abbreviated'* as PV) is a simple and elegant'’ method of
harnessing the sun's energy. As shown in Fig.1-6, PV devices (solar cells) are unique in
that they directly convert the incident solar radiation into electricity, with no noise,
pollution or moving parts, making them robust'®, reliable and long lasting. Solar cells
are based on the same principles and materials behind the communications and computer
revolutions.

Solar energy is expected to be the foundation of a sustainable energy economy,
because sunlight is the most abundant renewable energy resource. Additionally, solar

energy can be harnessed in an almost infinite variety of ways, from simple solar cookers

e e



to large-scale grid-connected photovoltaic generation systems now used in different parts
of the world.

Fig.1-6 Photovoltaics

New Words and Expressions

1 radio waves JG&k HE

2 intercept /mto'sept/ v. £, #Wir n PE, FEEE
3 eclipse /'klips/ n. R, BARAKE v FERAKE

4 module /modjwl/ n FEER, A4

5 biomass /‘baroumas/ n. (BALITIREEIRN) EYIHHE
6 transport /trenspoa:t/ v. 1BiE, BH¥I n B, BRMARZ
7 electricity /1lek'trisoti/ n. HJJ, H

8 mechanical /mo'kanikl/ adj. HLBRH

9 rotation /rou'teifn/ n. JiE¥:, ¥, R

10 wind turbine R 73R %L

11 hydropower /'haidroupava/ n. 7KH,

12 dam /dem/ n. K3

13 photovoltaic /fautouvol'tenik / adj. it (¥

14 abbreviate /o'brirviett/ v. 48E, iM% n 45K, HE
15 elegant /'eligont/ adj. R3EWN, ERH

16 robust /rou'bast/ adj. ¥ I FRNiH

1.2.2 Wind energy

Wind energy is really just another form of solar energy. Sunlight falling on oceans
and continents causes air to warm and rise, which in turn generates surface winds, as
shown in Fig.1-7.

« 8



Fig.1-7 Wind energy

The wind has been used by humans for thousands of years, first to carry ships
across oceans and later, to pump’ water and grind® grain’. More recently, wind has
been harnessed as a clean, safe source of electricity. The wind energy industry is
becoming increasingly international as wind turbines (as shown in Fig.1-8) increase in

size and the world market develops.

New Words and Expressions

1 pump /pamp/ n. F, FTRE v, HEH, EAN, H#K
2 grind /grand/ v. BW, BH . 5
3 grain /grem/ n. BY,HR v, B--AE 4R



1.2.3 Biomass energy

The term “biomass'” refers to any form of plant or animal tissue’. In the energy
industry, biomass refers to wood, straw”, biological* waste products such as manure,
and other natural materials that contain stored energy. As shown in Fig.1-9, the energy
stored in biomass can be released by burning the material directly, or by feeding it to
micro-organisms’ that use it to make biogas®, a form of natural gas. Energy from
biomass is still used around the world, for everything from cooking and heating to
generating electricity.

Fig.1-9 Energy crops, Forest wood residues, Agricultural residues, Energy woods, Waste

Biomass is any organic matter of plant or animal origin. Biomass can be burned to
produce heat and electricity, but it can also be converted’ into biofuels®. Biofuels are
generally designed as straight replacements for fuels derived from fossil sources, and are
available as liquids’, solids'® or gases. They consequently provide more flexibility than
most other forms of renewable energy, and are easier to use in existing systems, markets
and infrastructures.

Although its main benefit is in reducing the use of fossil fuels, bioenergy” is good
for the environment and society too. Unlike fossil fuels, bioenergy produces no net
increase in CO, emissions. Cultivating'> biomass may also create more jobs, especially
local jobs, than the production of fossil fuels.

For practical purposes, biomass is usually plant material® based on
lignocellulose'*: wood'® from forestry'®, straw from crop plants17 such as wheat'®,
maize'’ and rice’, or purpose-grown energy crops.

Biofuels are created from biomass using three families of conversion processes:
biological, chemical and thermochemical®’.

The simplest thermochemical process for bioenergy is to burn wood or agricultural
waste and use the resulting heat for drying, space heating or to run steam turbines.”

Gasification”>—a process of incomplete combustion—can turn biomass into a
gaseous mixture of carbon monoxide?’ and hydrogen that can be burned in space heaters,
boilers, internal** combustion engines or gas turbines.

«10 -



New Words and Expressions

1 biomass /'baroumeas/ n. (PRALTHIAEEIRAN) EDRIEE

2 tissue /'tifuy/ n. #AR, R4, AL

3 straw /stroy n FBE, EF adi. BEH, FHH

4 biological /baw'lodzikl/ adj. YR, YR n AP
5 micro-organism /markrou'o:gonizony/ n. THAEY)

6 biogas /'barouges/ n. YR

7 convert /kon'vsit/ v. ¥A, #H, M

8 biofuel /'baroufjunl/ n. EHHREL

9 liquid /lkwid/ n WK, WE adi. BEK, HEK

10 solid /'solid/ adj. FEKK), SEOH, SEH, AEE a B, 7K
11 bioenergy /bitounodzy n. EHIEE

12 cultivate /'kaltrvert/ v. FRAE, b, oE

13 material /mo'tioriol/ n. #Kl, R adj. ¥IRM

14 lignocellulose /lignau'seljulous/ -n. AJREFHEHR

15 municipal /mju'nisipl/ adj. #NK, WBUG » TTBUR

16 effluent /'efluont/ adj. K, WHE » ¥EK, TIEK
17 crop plants {E#¥)

18 wheat /wiit/ n. /M

19 maize /merz/ n. EXK, EXKE

20 rice n FK v JHiE

21 thermochemical /03mou'kemikal/ adj. #4L2EH)

22 Gasification /gesifi'’keifon/ n. S

23 monoxide /mpo'noksaid/ n. —FEHMNY

24 internal /m'tsnl/  adj. EWNK, WNFE o A, AR
Notes
(O The simplest thermochemical process for bioenergy is to burn wood or

agricultural waste and use the resulting heat for drying, space heating or to run
steam turbines.

PR ) e U B 1] B ) B b S R R I R R AR R S, B (A
P M AE BT T 2R I As 17 # L.

1.2.4 Moving water

Humans have used water power to supply energy for almost as long as we’ve used

e 11



