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Summary

Motor consumes the largest proportion of China total electricity. The
existing motor stock reaches about 2.1 TW and consumes annually 3400
TWh electricity, which accounts for 64% of total electricity
consumption. In industry sectors, the proportion of electricity
consumed by motors reaches about 75%. Chinese government implemented
“motor efficiency improvement plan (2013-2015)” from 2013. This
policy takes advantage of policy guide, standard development and market
supervision and surveillance to improve motor efficiency and promote
motor industry transforming and upgrading in the field of motor

production, application, recycling and re—manufacturing. This plan has
been officially finished at the end of 2015.

Based on the background mentioned above, supported by Energy Foundation,
Renergy Technology Consulting (Beijing) LLC (ToplO China), China
Machinery Technical Development Center (Machinery Industry Energy and
Resources Conservation Center MERC) and experts from home and abroad
jointly research China motor system energy efficiency improvement
mechanism and policy, aiming at proposing policy recommendations for
the next phase work of China motor system energy efficiency improvement.

Based on the concept of motor system, this project implemented a series
of project activities, including developing technical guide,
conducting training and proposing recommendation of policy mechanism
improvement, to explore the full energy saving potential of motor
systems. It helps China to achieve the goal of 3 to 5 percentage of
system efficiency improvement of China motor system before 2020, which
hopefully could save electricity of 78 TWh to 130 TWh.

As the key outputs of this project, this policy recommendation report
systematically summarizes the implementation status of motor system
efficiency improvement plan, reviews and analyses all levels policies,
introduced international experiences and lessons learned, identifies
system and mechanism barriers and finally proposed a series of
recommendations to improve future policies.

The highlights of the policy recommendations are:

1. Set basic national medium and long term motor system energy saving
goal and integrate it to all related policies, including production,
distribution, application and recycling. Motor system efficiency
improvement is a long term and continuous work. The ending of motor
specific “motor efficiency improvement plan (2013-2015)” does not
mean the suspension of motor system efficiency improvement in general.
A basic national medium and long term motor system energy saving goal
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should be set and integrated to all related policies, including market
inspection and supervision, energy assessment of new, expansion and
rebuilt project, energy audit and clean production, energy conservation
inspection, green factory assessment, industry park circulation reform
and green finance, etc. Ministry of Industry and Information Technology
(MIIT) has officially set a goal of 5 percent efficiency improvement
of motor system efficiency before 2020 in “Industry Green Development
Plan(2016-2020) ” .

2. Promote the integration of motor system energy saving with
informatization, automation and intelligence. “Made in China 2025” is
a 10 year action outline of China development strategy of a powerful
manufacturing country. It highlights the infrastructure and industrial
eco—logical development of internet, big data and industrial Internet
of Things (IIOT). By taking advantage of those industrial
infrastructure development, motor system energy saving can develop
further in informatization, automation and intelligence. One important
general characteristic of motor system energy saving is “huge total
saving potential, but scattered in huge numbers of small systems” .
The proportion of consulting and engineering of total project cost
increases significantly with the decreasing of power of motor system,
which means the traditional energy service business model cannot cover
the small and medium motor systems. However, if IIOT widely covers
most motor systems, the cost of system information collection,
assessment and optimization can be reduced significantly by remote
monitoring and diagnosis and can form scale effects. The information
technology development support the further implementation action in
small and medium motor systems.

3. Promote the technology upgrading of equipment manufacturing and
integration: most equipment in motor system, including electric motors,
pumps, fans and air compressors, have long history of development and
application. Many experts stated frankly that there are not
revolutionary development margin of equipment technology in functions
and energy performance. The traditional equipment distribution
business model, which just directly sell products via distributors to
client, leads to low quality and efficiency but low price products can
still take significant market share. However, equipment manufacturers
and their distribution channels have huge impacts on end users. If the
manufacturers upgrade traditional business model to sell product and
value added post service (including energy saving) to end users, the
power of manufacturers can be take full advantage.

4. Strengthen the restriction and guidance function of standards:

China energy efficiency standards plays import role in improving

equipment efficiency. China has the most full set of energy efficiency
5



standards of the world and starts to development group voluntary
“motor system energy efficiency assessment “standard. However, there
are still improvement margin for those standards. For some products,
the threshold of MEPS is too low and for some other products the
threshold is too strict to implement. The revising of related products
is needed, which should be fit for the market and technology
development.

5. Support the development of third party technical consulting and
service companies: The third party companies include traditional energy
saving service companies, equipment manufacturing service companies
and comprehensive energy providers. Traditional energy saving service
companies still play important role on market and should be supported
to provide valuable service for end users. The equipment manufacturing
service companies, especially the information technology companies,
should be supported. As the development of industry equipment IIOT is
an inevitable trend and most small and medium equipment manufacturers
cannot develop a full set of IIOT solution by themselves, outsourcing
such solution is the best choice. The third party information
technology companies can specialized in supporting transforming of
traditional equipment to IIOT. This development trend and process can
be guided and accelerated by government policies. Traditional energy
saving service companies will transform to comprehensive energy
provider. The specific equipment and system should be built, operated
and maintained by professional companies. The end users will purchase
transformed energy such as compressed air and steam from energy
providers instead of producing by themselves. The management energy
saving will be taken most advantaged by energy providers.

6. Strengthen international exchange and cooperation: there are
numerous economies promoting motor system efficiency improvement
programs. Experiences, methods, patterns, tools and lesson learned have
already been explored by a lot of groups, from which China can benefit.
China’ s technologies and experiences can also be introduced to other
developing and developed regions, especially taking the opportunity of
“one belt, one road” national strategy.
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Y (FRBA (2016) 50 ) Fr (BILW AT &7 TIEL k7 £
Wy o) CEBCR (2016) 16 5) FXHHaEa, EILTME A2 FT
ZieZ, £ 2016 FWREFRGERME TR & F L HAKEG =
BFEFELETR 4 520 710, 2014 F84m 160 7T, RRXEF
ek £FRET R,

FERERAARTE, BLTHRARE (HILTXTRREAY A
ZEMRARLH A E) AR AL (2016) 17 5) &g, ot
BWAREE, AP ZHFREF 4, W B L ERER T R A A 2015
F R AL Tk 25 An (g B KR AME 3 2 AT B B # & 2500 7
TR £,2016 4 2 A, X% & 1118 7w/ AMZ K 2,
K& AL 3618 77 7T, BITILAMAT 10 BRI A ARSE, LU AE
M 3.618 L THI RAMAE, FAMAT LM —FHRK,
A Ak T 29 R AR B A A 400 7. AR 2016 £ 7 A K, 42 F
R HARK L. 431070, SeVL-FHFREMNE %L, AL
2Rk R AR 150 77 76 .

£ 2:

HARBE TR A8k, BTk M B R EHRAME K 4 T
A, HEARTAZA TS ERAGRARREER THRE L TRE
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(F—WB &), BILRATEA w7 X RET RS0 A
Fleb R EEIE WK, HZRATAERAREMLTAEEZ AN
X R REAR A B HIR B, AAEAN TR T, BIRT RS A
AW Z M. REFTMKEH 2000 7 T E MM R4, &R
TR LR R EH R AE 10 &, K22 Mo, —ERAeEA L T gE
LR EFATAREARE, B ZETEATREMS, FiEALTUF
ZEMpEHM S AN TG EEE, U FE, FHARET A MR,
EEEE, M TEERETE W FHEEHEL 60%, sk, AE
%% BT 7 o A B T 3

HMABTREA T EX — £ FRUEAARRBETEINT
R W T 2R B R P, M W B A R R A B A Bl BR R B EE T
HOWERRE ™ d, BATHATRRS L EIE F 2 & FHrE A,
T RS A TN EEE, R FEMFORI, #— TP
/N B RS B UK B
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1. =EEAFKITR

EFEET R, B 7 ReVe s By BoI e A SEAN, T
He R, KA = R E GNP AEw, & 2|7 gl s AR FRA
B —#a. 1997 4 10 A, sERBFERE (1992) JF4 &R A % E
ERHEWARAEA1-200 ZAWER, 24, 2%, REARS
AL AL R R KB I T R4, BRRR R A L EK
BRI FAAR IR . BAR B AR, 2 A A S B AT
ERFEAVRY, WX EBAF SR 12-10, H#—F#
B B AL BE A 2 AL LF R BN T

AT BATEMNBEHH ARG, TUFEET 26 2050, &
RABEWRNAET ERHERFFTTAN RAR AN LT UG
B RERNWRERGERR AR, EAERRNIAEHRA,
Wt R R, AR RIFHETEH ARG, RHEEREY, &
FIR R #ER K E (ASDs) o« KA —F “RGpg7%", HBEIEFAR
B RN A A 3 B 7 B AL B A AL R St RE BT K,
REEANRAHER (LE6),

Process Mechanical and Electrical Feedback

)

D7
"

L

Three-Phase

Input Power Motor / Drive Subsystem Mechanical Subsystem

30



B 6. % EEANKEITR P EHEH R L E T
FTHY . SRR AT A 7 A UL RAR AL KR B T 7 4 AL R
W R EE R A e F B AR RE T R £ F
HWATH, GERETHERMER, EENEHRRARIT. KG,
REAMEEIBRPE, X— “RAWFE”. HXNHEFRBRTRET
RERLASL, LadE: REwlig v AerFx, BRS5BRAANEER
K E.
AL Bk T R R B R A T R T A K
o TR R T R, RER, RERILEE =
ERRBIE, XA E LR e B ek,
m ORERGTAURE RSB T R, e E P EHAT R SR
R LA F U E R, FRENEENR A
W R TR E RN RGN 6, B & AT
b 475 5
B EFEREAVHT, #ATXNHAT, AEEFZHTEXR
L ALIE 2 2 G B 8 B 52 il AR K
B EATVRENAFHER FLEHLBRABINEKS RS
RER L2 A0 F IR, A A AF R & 5,
B R ETWE)TIR, EeRERN R AWK, FEUR
RIREBEH BN,
AR R A T
AT SEFL bR e, AR B ER| R R B BRIRAE A A A
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JE12 B 0 (BERE Information Center), AR X#HTE, LitZEF
T, Hite, 2V LLRAR X BRI,

REVR M E AT B AR IEE B F Q@A T mALK ST+ AT T
AP &ffiEtEe. POl TEARBENRFAE. RITUREE
FHESNERAK, AP TURT AFNE e ERIREER,
BEAfEN, BFERERREE: BN R RHHNEERE, £Fk
5, MARS. ASMZ T L WA K FAM, dos ALk aR it X Al i3
A, WRIRRBES, FERR, KALNE, FIWEAFI X, TEE
HEFAMHE,

AL T R B RAE T TR, IR ERNET X TR ENE
. —ERBEHE X MotorMaster, 77 —%F £ MotorMaster B 7 IR
MotorMaster+. Z# {2 # Bonneville . /7% # /) 5] (Bonneville
Power Administration) ATJF & &y e ALk B 5 fF Pk vk 1 &, BEF Uk
F T #E WL 12000 =4 578 AL~ & o BALR P LUR$E B AL
TR AT, ART] BEEAWENZEFEGEIESN, 7
R BB R EAL R AL, FRGERESECHEIEMN; K
o, BN ERRGLREENT AWENHER, £iF 5ETEE
MR AT 1998 4, BALBKER TR X RE T MBI AE, BAH
RE B LAY B & 2 ORMEL 96, VLR %1 T X R I3 & oA
Ao it B3 ASDMaster (H1 8. 77 #F % 2 F¢ Bonneville ®,7) & B/
HEIF L) .

SE e PR R A A A (T R B A TR AL R G, dn (T 38 1 BRAT 3
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i, UWRERBENNALE, FFlErHmER. < ERREINKE
T —RRESmEmE AL A EKE, 5537 LURE B ALPER T X
Fr e BN B AR R, AR A RN A, GHER, 5%
A E KL R B R B FF AW AL R L F LR RIIRER . 24T,
TRHHNER UK ERR 2T, UWHB LM 6 FKH, &L
B, bEKEZETULRRL, WRAE, FHRMELH, *
FlREWREMETD, SRITXIERT 29 MEHEER, BREkE
#HK 1000 FETT, HFFIANFIHXNEETR, BitEFTH 460
JRARAR 120 J7 0. % E B0 42 ZATFEA T 7 % 348 Z 619 %
& JEE AT K, BT R 52 3R o R E R T Y R R DA B
W RHATT EHAEE,

B AL A T Rl A 37 B R B B A T & (workshop) | 3F IR A A A B
e AFIFRERFELSHWNLEE, hin 5558 k&I RIm
A aME, BHREAELFHEINNE, AFREEWFE =7
BRI RS, REFFIHERARBEIEN, HERAB¥. )
RHWPREEGRE: QT K, RELIE, ¥IFME. BRI THE
FEMRE, A% ENAREENYE, BINRRMEL, ENEER/
FHkE, BALERUNME MotorMaster BRI A (8 g7 &35 %,
1996 4 %4 44 200 A%% T @AM ET X MotorMaster+# i)l o
PR UL DUSE, ALK T RI R Z T4 TR AR A G R TFRT —
ZH Rt 2, BT 1000 ASr T IBEWH TS,

2. IfTEERF
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BArE MR LA RANIATE T T ALK T IR AN
Wik, £EFRELREEN. AFEPAT. REMETNERE T EAH
FrERl. BEFATAEENERTENEELTEF, B

(1) 7= f ok A fe & B0

(2) ZExEI B EWiT R miTs)r £,

(3) EHAMR = & Fo R G E,

(4) ZANIRLER;

(5) RHEMMAXERHATERAE,

18 %

® kKA. Equipment Energy Efficiency (E3) program

® LFUM X T E Ak

(Fr%&, 2, &, ) Nordsyn

3. FZ-HRARVWHBEF

%5+ Topmotors T E B 55 L aEAE (S.A.F.E) T 2008 4 It 45 It
B, BEEEEHREIILAVHEHNRAERE, FRH LK, ZHE
EHIEARREENRAREN TR T E, FEEHLRIFEIN L.
Topmotors W H B A TR & wAL A AN E, WARE— R Bl
% (WTE 7). BILH & Motor-Systems—Check 7 ¥ fr T A4, &

TN R EHDRK, KB FAMESRAERNER,
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http://www.energyrating.gov.au/products/electric-motors
http://www.norden.org/en/theme/former-themes/themes-2015/green-growth/the-prime-ministers-green-growth-projects/working-together-on-green-technology-norms-and-standards/nordsyn-surveillance-cooperation-for-green-products

RGN = RGBT
HE e R RGBT R

Bl 7. B R Ge RSB T &2 Ak B 0 B BE AR
Bg+ Topl0 ¥ 88 U1 #& Motor-Systems—Check 77 %% #y M %
JLE 8), BIitH i ge /. BALF k. A AR ENIR. #E ¥ a
R T R LT E S R EN R ZLWEA .

Sequence Measures

N

BL37 SRR A

| SOURCE: Easy Switzerland Conrad U. Brunner, Rita Werle, Rolf Tieben 2013 |

K 8. Motor-Systems—Check 77 &2 B 19 A~ 3 B
4, AEHEK
ENAATRE—TMARALIE, TEEERFZ W, IFNK.
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TrRERE T ER AL EREF— RIS R ARBFRENTHERR
ZH, FREEHABRAN—RENE LS. ANFFE, oI RFAFT—

REGRNR. FREAFLIERY, EHEEFTRFTFRE, S
TERENAG TR IENRE2 S —FRK. Hit, kAL HE LW
TR T E AL STz A A R A B B AR s TUE B R
BORF B, B e LLA T RETUE 2 4 8 e A5 R .

B E o A B B R T R IR #AT T & A A
M, % AN 3 B AR SR R R AT X TR S i g B R — R TR
o BAT AN, AT K Z A — R ER AN, A T RE T REANE, R
% A AV SeIRHAT 1 RE VD W, I3 A0 ) 2 R Bk ag 7 S SR RUH TAE,
Bz KAV MEFRT LA, RS oA b T 5 bR B AT
Bl s . TR TR BRI, A R R E
T #ee . RURLLVHFBE, XHEE EEET SV IFHT
RERIETE AR M. 7 — 7 B, A Br X R — K7 g7~ 4 il 1
Aol 54~ BE AR P A 2R G A BOAR AR R[] R RIS R e AR
EFHAT LI AN TRUR, RETHFHAZEELE WAL

TRAERE, o R A BN F oA 57 IR L i AL R 587 BE T
Bt Z Rt ERE I EEEE. o, WBRANE@E T Z AN ZH
Ji A b B9 R R B Fm WAL A ST REANE T 2008 4R T e 5L
ERAET WA A B AT LY ZTE K AL R T E AR
1 A B (Motor-Systems—Check): ¥ B8 /7 1F &, % RE HLHL7) %,
I XA B e 77 26 ) AR SE e Bk 2 . 2B o e AN B AT R
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T AR R B TR o o A o AP T ARAE T AN BB SE IR AR, 4
B Bt &k 2 A ol A0 3 Bl A b HEAT T B - AT Y ALAR, AN P AR R T B
B, BUE — W BN 100%, % =B B & £ 4 75%, & = A-H BoAh 50%,
B A BAN 10%, B —F—FrEH, 5L T RABNES
B AT B A RER K E . 24T E BB ANE A 8T E B a]
W, EEAVHTREERAYREET R, BHE =R SN

B &R, (RS BALR G e 7 BB 2 M BN T E B e,
RET RIEFBER, Bk S A B GRS R DUH 8. AP

KEBNAR TR THEEENER, ZRENECAFEENELER
Xo REERENE ZFH R AN L LT, R THEME
BB TAMERET, MR E = AR RFE A EmEE
B & L

5. HEiRefETe

RFEEFIRFH SR, BALRAR (BERE. AL EELE)
2 Ty A 3 SR AT R R ] o B 43K R A LB Y 45%, 8 36 F LR 3
AFnF A, B LA L BALR Go i A 20%—30%. FF & B R
GHRBANN T ERERCEFEENRE T ZEA. mREA
REZERLENRALTZL R ARREBERNRAT R TENE
R, BEFBBURR A LHENRLERTENRE, Ao EHR
20%—30%H T RE 7]

BALRAGEZREN AN RAFBRIRAFE, BHAKES
HL L 7 0 B AT Y it SR, A B AT A B R L R SE S
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RBCR, RE RN E R BRI EA &,

e N\
EEA LIRS EA T
T,
B, - '
A ELF R = — L Kk
R
V" R, T,
IEC 61800-9 SEL T
k. i

9. BNAGETZaNTREARGETHENRZHEL (FEE
T AE B R )

20084 £20154F, WA AR LT ZE2TTRET LT IT1E:

o EE[FEIZERASHET ALK E R4, HIIEC
60034-301-1, IEC 60034-2-1, IEC 60034-2-3, IEC
60034-31 F1 IEC 61800-9% .

® HANBRTHEINRZRALTZ22HME, B AREALHKT0S
MERBFF. A F R A 40005 L R 55 H .

o BT 4Z4EHWIE: www. motorsystems. org
o MELHZLBTEAITH, 2IREYITHEE T LR EE,

RiE. HiE. REREETEEN, W

www. motorsystems. org/newsletter
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http://www.motorsystems.org/
http://www.motorsystems.org/newsletter

o TZ2ARMRERRRA T EN UL BRENARF

EFfr2a, #AXWHE: www. motorsummit. ch,

www. motorsummit. cn
® T AIREN AN LR E WL,
@ TR ATHINAAREMMUWENZL TARHGF (LE

10): www. motorsystems. org/motor-systems—tool, % LHE#*
BT EIA R ARFE. F3). BV URERETIRE,
AU E B R GWBERE, 2T ATUH TR, MWK
Fi. REREETEERXARAUSTAR R G ER, R L
R EHIREA
® XA T UTILiE4eE (WEILD
o B TE 1k BB AT B 48 FF (2009)
o EABEKKEKIEH-F — 4o (2011)
o EALARGEMBHIEH-F —#4 (2014)
® LEANABHENREEERE TE
(www. superefficient. org), ¥ L4 3k 4 & &AL &8 A S E

PR LE, AEMAMREN %,
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Motor MEPS Guide :

Motor Policy Guide
prt J#Rssessment of Existing Policios

Policy Guidelines
Electric Motor Syste
r

f
f

B 10 =ALRZG TEHA B 1l LR ZLRANIE
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1. xReXFhyegx
FoREFEANER WEE, EBFFRNTEN, w1LERE
Ay, MANGNE G0, RASETRIBWEE K, FE+
ZET RN BRRERIAEHTT, TUERERLZES
Wy, BERMITEEBRINNBREAHEREFERL, NEAWNEEF @,
RE. R, ARURRERILMAMENDERFE, BLFENKS
Bk, MZENEFTENTR. BERENA foi, Zfr AR E fY
BIK, eSSV ESER B K. XA FEANEE
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B, “AeRhX2ET, KMNaxeftigni, AL A
W, ol WREAART R 0.4, MIIEMERERERD? K
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ZANHEEE AL ALK EE: FEEXEHAEBT
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o IR A o R SR K, (B & B R E A 7 A
BEWM N BT, BT 2 8 77 B \om An A om0 A &2 &
MR, FA PR R E— B AW ETHE, KA R FF
K AE, T Excel A, #HATILEMITHE,

Bl 12 RLAHLR G r 7y A\ R
BT A X IIEATH R G4 3 T R MR &, XA T 7 R

k. EFZ b RW, LEESERENMNE, BAA T RIL
MR e, FEFMNRELHANTEZ Y, LRREEEARTY

AT IT AL o KAP B B MR 77 B A o W F BT Az 4P
ARBAZRI, TEATERRS TRETAS VI REEETER
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EALAH, FEHELMRER, AAES T MK oy EEF0 g A
3. ABHELSVEH
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DRAZ RN RATE T — & 1800KW By KA, &I Ffr = 2 A 16%
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#EH . &AT A 1000 £ A, AFTEFREHREA 3 A
KA BEEITNEREEERM, RHRNELENFELE, LEAE
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HEERBR THREREE, TEAERN3INMAZXE, FLEREZW,”
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KERTRHREEPEGAR. BIHE. AT NEEESA
FE TRFFRE, TR, RELXLEFETREEL, £T
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4, AEFHFEYRH

A —RENMIAZ WK, FELREAAZINE B RN B B 5
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4-T 5, B2LAKW B ERAEE M EE™ £ KD, AT EE
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fTT 1998 SRR RHE N B WA, NMEFEFEPHERTY
. REMLEAE, EMNF TRITE T UEENEN. B
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AR T AT AR, Z2 £, BRI ZRERE U &M
EREFEEERARCHWE, HILZT, e T A1k A
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PO T 5 e St L TR A 5 £
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RENA L. T T REBSEARARTREES, FELIHF
ANBLARFE— R T R, QIBTENSE, RS N rEk 2 %
R A TH R “REAM”, THRETRETERFEZHET =.
5. 8 THREWNFERIR

BATE—RE ) R T B R, MR AR, £—
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WA FRFHATHRE. ROLYFLRIIER T HE BRI EH T
B, #EEEMN S E T E R BT B, JFR R
& AR P N VE R A ARAR ] BE R AR BT R A AR

P TEEWEE, RIFEILERERS T RNTWERFTAE,
BN 5 THI&RFAHZ N 8 T &R (5 TARENZ T —IMEX),
o R A RATT o A FATEE AL 0 09 PE AR BT R 3, 3 B
JEL R X A %8R R = T T R St L E s R R R,

G BT HRRS T RBRLE, — LR VEEI RN
BEATEFRSRETHELTIEPH LA MBNE T, S BT
EITH SN R “HEBE 7 IR RAE S . R RARFE. RENS
E, TemEFLLENEEMES, THEEKILLE “RHR”,
Bl AT R R SE B 12 R
6. YEELRET?

KRAVER P A B LI, —LF P B AA FOA N T 8
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EYHIT =T, ZFRRWET M ERERRIT EAWT B4 R
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BWRERF NEARFORE, —LHA P LW HAT ZHWTH, A
KRR & LA X RWEILT 6 FEEEEy R EAT, A8
W REM S nEE LikE, RIFEA/RITIZEEeRREREAT.
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FERETRMSNE TR EAE ZRFHOUT, LR E N FE
e FREEETEFERT T AT TESE T 7RI T Sk
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B BE AR 55 B A MR BT R R B AR, AR R R A SR RE T R L E
TRBEHRE, BTk xgA, EERETREIK. KEKUE, T
HEMR, TENEGNRAIEHK, b E7RH 7 8895 EH)
B, FERTFEZAE, BARG T b2t B,

ik BRNAAN BRI FE = A INTON, XERFA A
PGS, BERETIESHERE . TR 2R RED U
REREFVRENITERIIAT ZXFONGRRENA - A
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BRESNEEEREENMRENTTRES, EEEARE— M AR
HEER, BATHBEREASZH T AL HL 2T AN 10%-40%.
Attt R EREES VP FER R X E TR, REHE,
ANERTLERBRFE EAGRNFETEEELTHDIRAN
A5, FERGTEREHTEESES SR = .

E—xAlwyEmFE, ZNZAATIHLLER S, TATH
wEODBEAETE, BAWEHGEANTHENTAZINZAERNZ A,
AR, AREENEECHIERRE LEMR L, BROESR
FAMBEEMAET AL HE, RIS, BATEAN At F 2|4
W R E AN, S ETETARNIAL,

Gl HEAERT TR FHAZBNFEA, W2 AR FE,
RERH R Z T RBRMIERE S, RPN (ZEASH) BiR, “F
ThRkEZERWN, BTFERAEMAERK”, FRHFTE. £EERITRAH
ZHEAATRTRIE, EAEELIFEAERFRE, Fi o
THBEE “—®F” IR, EFEZETHNNETERGHMNE, B
NER (), REED (B, #yF. EEEEMEAARTRET
AE TAE VAR R A
8. WAEEXE
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N7, BEEETRKENIE “Br" Wik, MLARNMRIALAK LK
R AT REAINE CHE, BN R R R E KA R HE R
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REMERE, — AV A E R ERMA IR EEENHFEET L EHRE
ERRSWTE . FLERRAVFERE R, REMTIBRANRER
wR AT, AEMVEE—F WE” HRELA, FEMINARE
B — AT A, KRR FERR T AL EEE
FIEAANRHBEEREE FRER LAEEERREELFE LG
K&, EEMTRERTE; ELALTREARRAEHN “H” £
TIER, 2258 “ENAGTRRELREN. EXH” XM 5 EH
Wi,

AEEFEFBRNERASEZEAERKRE £, MRS EHER
KRR HER. —LHRRSFAANT RETE, THERNA
ARV R AT, THAZLURE “HH” . THAX LKA
AXEHHERRFHCUARE". “HEERT” . “RE&ENBER"
EEMER, WREAZSFHERXAT Y, EEHI “EEUL” .

. EALRG T R RS WA R R B BT IR S B AR R L
—FERFANA LERT. BRI (ERE. BER), MA—FE
AR X P ABERATE. GRERFENFEL. FEERF X
MAWBK, WMBFRINGIFEAL TR BERFAKX), H4
TAEXBEE . ALERE,

9. RFWE, REFEE

FF/R3C (Lord Kelvin) 7 1883 & if: “F e E, B AEK
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EANKE XA ZE R, REERRLHER L, 2MARFE
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MEEFEA, HOARESNHEATHITEARAKE,”  (BEE
SRR EE ), ML E R, 2009. 11D,

WP RE A KL B A £ R, RAE TR, A ek
7l 4 7 B B AL R G0 RETE B AL R B 2014 £, 5 R A AL
WA R A SRR €48 % B IREA R 5 & a5k 42 5 B AR
GHR. R EREE R G e WM, £ 52 6 8% 4%,
RAENIFE 17211 kW, AR 2445, BRI EAEH 21. 8%
VR, BA 33 WA AN, EREK 4T, EAHIT. L
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