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Integrated Studies on Life Cycle Assessment and Net Energy
Analysis of the Heat Pump Water Heater System
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Abstract

The purpose of this study is to apply life cycle assessment (LCA) and net energy
analysis to explore the environmental impacts of the heat pump water heater in Taiwan.
In order to achieve this objective, domestic data inventory was gathered from local heat
pump industry in Taiwan through questionnaires including input of energy, product
output and waste, etc. The SimaPro7.3 program and two impact assessment methods
including Eco-Indicator 95, EPS 2000 were utilized to evaluate the environmental
impact of the heat pump water heater. Also, we used net energy analysis such as energy
return on investment and energy payback time, and estimated the life-cycle CO,
emissions to see whether if the heat pump water heater has its energy efficiency. In
addition, the sensitivity analysis was performed by varying renewable energy generation

portfolio and the heat pump energy efficiency ratio.

Emprical results of two impact assessment methods (Eco-indicator 95 and EPS
2000) show that the main impact on environment of heat pump water heater is from
operation phase. When operating the heat pump water heater, it needs to consume
electricity which is generated from fossil fuel and caused the environmental impact.
Compared with the electric water heater, the environmental impact degree of heat pump
water heater is much smaller. In Eco-indicator 95 method, gas water heater has less
influence on the environment than heat pump water heater; however, heat pump water
heater is the most environment-friendly system in EPS 2000 method. That is because
gas is a kind of nonrenewable resource. From the viewpoint of resource stock, gas
indeed influence “Depletion of reserves” of environmental impact. By utilizing net
energy analysis, the estimated energy return on investment (EROI) of heat pump water
heater is 1.45~5.55, and energy payback time is 0.22~2.16 years. It indicates that heat
pump water heater has significant benefit from life-cycle perspective. The main impact
to environment by heat pump water heater is essentially derived from electricity input.
To mitigation this environmental issue, one can reduce environmental impact by
increase the proportion of renewable energy generation, and reducing the electricity
CO, emission. Furthermore, improving the energy efficiency of the heat pump would
also helpful.

Key words: Heat pump water heater, Life-cycle assessment, Net energy analysis,

SimaPro, Energy return on investment, Energy payback time.
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28 h o MEIAGER A AT AR PERE RRPE

R pEREY > - BEEPAFES L E s e o AR
YRR - R Rl PR FEAERGANDRrE - R AH L E R > LR
BEFBREGF A 3P EEEDAH PV RIAFAS > » F - 3 LR i
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(7 #% > 1997)

FRLEMA SR ITRFLEA-AF RO R MFRE DTS TN
b 5P E R AR G R EEE IR AR PR T
Ei% o
(=) 4 &~ 45 (Inventory Analysis)

B AP g R R S AR B AT SRR R AT Y o
FER AP DG P TASAPM TR ¢ L B2 AR E TR R AR~
AP AR E TR E ol 0 R M PR AT R Y chif
Voo bldet T4 S B e RFAL (4~ 8 M) o~ 0 B F (CO2 ~ NOX -
SOX) ~ Aok ~ FIMAER P g % o gt B R AT 230~ A R
i B i 7 ¢ (normalization) o Ml 4 AP EFFEE BRI

* o

A GRPBEFENTTHR SIS S TR IRT RS F RS
HRERAAS SEFGFR > PRELEAPR WA S - kA REAR S S
HRpS P BFAEFER NP AEA o A TN DT RRT E 2% @

FOREY CWFZOTHR S P FEARAAMAERFEFRF LI
MA¥ FEFER > PEER (F 75 0 2004)
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(= ¥ 2= (Impact Assessment )

AT - o idd G AT Pl B IR P A 4T R B DT AL 7 T
i R o @ H s BE B A hlidp Bk 0 Rk Bk y R F
iyi’u{wﬁgﬁmﬂéﬂ%<§$$%ﬂ4ﬁ@ﬁw&dw@-ﬁ§“@#¢ﬁw
B RVSHRRE SOk EEEFFFROpHIL G A B H- 0 B H T
P S FARBEFTAL > § L 0P, Vo SEEFEFEHE LT
é“%%?i#'ai—*ﬁn‘v ToOLFERNAREEY (THF 1997) TR EMREF A
#¢ (Classification) -~ 4 pxi- (Characterization) ~ # f& - (Normalization) ~ 3™
(Evaluation) £ 5% 45 #ic (Indicator) - r2 ™ A w7 38 4 & 3k ) B8 ;=5 B 4217
N
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1. » % (Classification )

BATA R P ot ddE f A 450 (9 B chliedh IR A S & kB e A v
I‘,{Eﬁ;‘“ f"f OjE_*?/,, Eﬂ;‘ ﬂ E_Lﬁ‘ﬁgglurﬂfﬁ @Flfﬁ‘%t&;?%l ) T' ;2;;}7%\?' 45:-]-4 }th m_;

pEE
B ¥ IR R R A T ] R M R AT
GHEENFHRERELFE §1F A RS o4 0 3 PRl
FVRFARE RE o ) COzfrCHﬁM}tﬁf #p 5 [ >zkegit | (Global

Warmn‘]g) ﬁjzb‘FT‘;ﬂ'Jﬂ s m #EIPEvE‘f’J_r‘]—)-Jv ! 13[; %i{] P\':'f;é_‘k‘? Eﬁ%;’% ’ ]/g\g\SOZ—\? ,Il 'lf"/\

" AR (Humanhealth) & £ Te#sx 5, (Respiratory diseases) i 4
4] ( Goedkoop » 2010) - M;SETAC (1993) 2% » BB BFHF LB 7 A 5 4 i

BE S ARRE s TRAF AT F e ~ SR T EY o
2. #pxiv (Characterization)

Pt LB P end BTN S IR E - BR[O B
FE R AT B E o T A SRS
Fderd it oo B 0100%: AP E PR HRL AR

dot B PR T M2 PR o i S COE R R AT A2 R Y o
el E - R TR S ERBB L P etk A > P A ATREL R
RV A SHE - O G 2 R R R e T PR USRI
frl RePRARS 6> 7 B HP R RA MR > B Zo0RM P L B ehf k> X
PARVCREA AP ASEOMEEEREITE LB A R FFRA (LR
2001)

E‘;}—'?f + L en

g
;1}

o

ﬁzw - b1

3. % A i* (Normalization )

¥R AL TR PR AN ’IZ:’F'% ”",}Lf'%‘rm@ 8 A RZE

BERELAR (W EAEEMBRIBFTFLPAFE) 0 2 FRBEWLS &

Blip e Eanfp i g > » ,Tk{‘fﬁ, P BWEE LB T - HIRT R AR

Tt E - BREGEFENDERE > blde ARA TR T2k | 9%E fﬁrﬁtg‘f‘l\-xﬁg
W (G peE > 2001)

26



4. 3= (Evaluation)

d 507 Tk e AT 2 R %zw%’?@m{%éﬁmﬁgﬁ%@y
P2 €& Mkt £ i (Weighting Factor ) %53 4o » 4o 3418 18 3] & fenfir
Fipik i@ 3—%’1’% A anuEARY R T g e IR R R
FOF T N dofR i R (W|II|ng topay) -~ & 17k &A42R 2 (analytic
hierarchy process) % - Fifeh= 22 FI4 5 A Y Beh2|¥r > &7 @ 2P {rl

TAORPT RS AREG EDREL o 2d AR —»ri*ﬂ'liﬁtf%i B ET o T A
e* + R EFRE A S (2 sE > 2001)

\m

BT -

5. T dpdc ( Indicator)

B s BT RB AU L i FIIA S 6D HERRE PO
o T R FASA R - ARl R

M-

4o

—\

(=) ®# (lInterpretation)

ERPES L AEFDFREEER LAY FRE L TR S TR
CUEck R SR AL R ERAR AT ST L S B T L S RIS
{iﬁ?i@?%@#%?@ﬁ higsrfemy e E 57 - AR
ROUTRB B N e 322 2R 1SO 14043k 51 - F ke 2o R AR E

GEYPR LA ITEEFF TR S5 B 220 = BR 2

1. ji%éi%{ﬁﬂgj‘iﬂj A T'»'%—:tﬁp L'p'ﬁmﬁk\‘%ﬁ"f\:"fﬁ? J—_]‘:r' ""I’Hm“]’-‘;cbk’?\“][‘ %
O E SRR Bl R B B R TR 2R B3R

2. 37 B2 A LWHITRPEHMIT AL AL ERELRE PR

H2 - RME®KE -

3 BRI hEERZ PN RGELSEFR LRSS A TEE
SRR LAY ISR F > R f&%ikié_ﬂ%?é_ﬂiﬁﬁ?%ﬁié"’

CL PG GRS I TR PR AL T A
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TR EEREEFTF S > VT 2HEHESHREORE Ao el

Booed A GRAPITREAFE G S g_év’v&:bgui BHAEE > AR EHEFT

BRiadcge g e > m SimaPro ﬂiﬂﬁi]ﬁ{ﬂ@t“ Bk 3t

M & 1> SimaPro #i#8 §_ L 1990 £ d jx jF Leiden < BB 4 k> 43 S P TR h
AR S BRI S H b il > B4 © B 1 SimaPro 7.3 KA o

—_

)im&;f{p‘ }’} PINVA ,FT )3

<

SimaPro 4 F# B ¥ § HLCAHR2 - B3¢ LR THEKL R
AR EHFEHT ST kG DL AEHELTE L F REEF TR T
RFFVRA R Qg E AT BB TA L O E S ] o R SRR
e R gt o T UBLR Bl T B SRR B RA L el r i
RPpFEGRT RORBEE R L ETMFERT ORALE S N R F
i H TSI A IR DR o

SimaPro A 8 5 7 BRKE » @35 I 32 FTHRE S WRTHEE AL F A
WEHE ST g TRE e R TR FRA ﬁ?awf
gl o Gl t LS R R 22071+ (GWP) ~ & § BUg s (ODP) 2 3%
PR WATHE 25 F iR Ehy - WAz R7 C BAF AL AL ET
FREFAVTHRERNELS FASR T SADLZHT ~ ThRE 2 HEE A
FRFHRELET K~ B2z 2 Berfis el FRERE
dREFHE T2 #a (F %ﬁﬁ/ » 1998 ) -

SimaPro & 3 T34 (F %Eﬁﬁ » 1998 ) :

1. 7%

-
R0

Pl E B2 4 A B - BASZ A K

[}

=k

Rt
2. WA BT AR T)J'JL—"- BafReng 1 7wtk 2
3. VAL R AR AST K HIRB 2 B -
4, HI BB EF T A% 3 gt SR EZ JEL 2 2 o
B, At B E A R NEIRY R FH Ry o
6. pprd 5 AZf s FURELE RGBT FOgEE

T.F s S ERRERTRE BB A2 G P  2RE ISO ERE
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SimaPro fr pFe £ 5 T 2 At BL o IR 4eT S L9 (T2 & 5 2001)

(=) BE:

L%*%ﬁ?¥’ﬁ*§ﬁﬁﬁﬁ€’r§ﬁgiio

W32 AR S Re 1 ARfF A 3 0 H ¥t Eco-point § B4t H|ErH Z

%{??ﬁ%r%ﬁﬁi%y

3. FHRKRGFE  EEMELR O T UIApdEa 2 3 4pF 3 o

4. %47 B3t 7 RAEPFH e o

5. ¥afhv p vl gkl o

6. 7 % SAEMA A E A B WaRabk B E T ATOGE R Rk A
MK LAY E

(=) #%:
1 A F AL AW (A3 75 o

2. 3 P RBGFEH a8 - TRR DTG Riv PR

3.SimaPro & A iy AL eh= 2 KR - IFJBE BF OFTH > Ao 3ok A2

s g b2 R plR e

SimaPro £ - £ 44 G A 476h1 & o s R H P B FAdR R 2 TR R 1L
R REPTEME BB ER LR RE LB E - R F g R R
B N N e

=& TFERHES

2P EEAITEBDTAR S FRRFRETY CARET R 2R

BRIFRF Ao AR KA RPAALE  TREN T THEEY o
B G A BN EEEE 0 f R A F B i T B R S
HEERB 2 FF R A PR AR -
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AT RY A &Y= 6 HMSImaPro 73 A=k 1 & > At Y 537 87
e enfird 2z > 2 > 39 & F2CML ~ Eco-indicator ~ EPS ~ Ecopoint % # ¥ 8 i
Wl BREIEL 2 2SS ok 314w o

#3-1 2 GFH rF TR 2 S 4

4 b e B S -

Eco-indicator 95

=4

e
o
S
|
E“"
*”3
=z
e

>~
el
I
W
lH

Eco-indicator 99

i e s 1o A AT ALY T3
TR e RBEA~1T o

CML 92

AT LR A e
74 % f CMLO2enf] 1 -

Ecopoints 97

EPS 2000 TR i l%.f)é,ma]rﬂ,;{é,‘#{r,*g—i;u e

T kiR ¢ dh4m9% > 2005

R B IRP 2 g F 0 AFTHFENBERAR AR BT ®
EH TG 5 %9 Eco-indicator 954 5 £ ¥ i€ * 2. & 5.1 E % 3+ «0EPS 2000 >
a1 & Jp F]Eco-indicator 95 &k 3 pF e R VAL & 71 4T HIRBAE T TS 0 TR
* L ERORERE 7 EPS 20002 8 £ 24 TR BoRR i 272 (Willingness to

pay) s fay KRR Ho TR H RS Pk
- ~ =R #58 Eco-indicator 95

Eco-Indicator 95 2 d jafg 1 B - A A SR 5 Ee 23005 2 F 0

(dm

RELSRB R L ETFNIL > B d GRS % L LA e X
FRGEFHIAER CAR AL AR TR AL - 0 FEN A & A
R RAE S LR R EEAR A FER LG BEL CRBEFTR

Big 7 - kP2 WrER o ApEGTH B 2 50 R R o

Eco-indicator 95t 3+ & Tt e dff pr » WA MEE 3 2T LR B2 L5 BT

NN
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W GER 4 AT RN RAFOLE G RSB S BFE T T R
EondNTRER BRAFPHCIZFERTEI 2L FTLE R G AMEEE DR
4z E% 4%~ % £ (Goedkoop - 1996) © 4-Fl3-3 Eco-Indicator 954 #in 422 £
B #75r > Eco-Indicator 95 F 43% A 47 2k » A | A kit ~ G 3 o2 H
BEE g BEATPEALTIFEL 7 b IR EF o dof 30~ p
B E o gt 5 i (Characterization) » £ %3 b e ool 0 B 5 = 87
erdf Tagsl s Repd ~ EERFET A RAE O ERAFFL LWL
(Normalization) » 42 ¥ d ¥ f& i* e % & (747 3 325 » JF d 31§ 4o (Weighting)
R TER R R AR NETFE RS 0 i FE- PEL
(Single Score) » £ 4t 5 8 RARE R0 1 T AR B RGP (38 F
2008)

Impact Effect Damage  Valuation Result
Ozone layer depl.

cre — ver dep

Pb Heavy metals —

Cd Carcinogenics Fatalities |

PAH ;

Dust Summer smog & Tealh Subjective Beoindicator

VOC Winter smog | impairment| | damage [ e

DDT Pesticides /’ = dssessment

CO — — cosystem | |

Soz reenhouse effect impairment

NO, Acidification

P Eutrophication

7R &R - Goedkoop M., 2001

®B3-3 Eco-indicator 95 =i -7\ 2 BT

(- ) #HHcit

B b T EERB D e e e R I R R B T 2 R
FFe k0 % T L Eco-indicator 95 &5 5t ¢ 1158 (e sE v o
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#.3-2 Eco-Indicator 95 3 8 i 47 %

- i PEIE
! B E BEUEFWERM S ERFLERL B > §F 2%
" | (Greenhouse effect) | it 4ejpl o 3 = 4 {5 % SofiFdF o
TP T LA RN S Lol St I I
- 3o 2 E R v LA CIE SO ey R AR
2 ( Ozone layer) ;f BEHTARGH W R s
P
3 ﬁ,}ggu ﬁg’{ﬂ;ﬁ’;“rﬁq\l—’x\iﬁ-mﬂliﬁ\%"?’k\%%7](\73
' ( Acidification) Py~ AR A2 2 H (AP ) e o
4 S F oL ARES  RHEIEFFAERDL
' ( Eutrophication) K R BB A BE 2 AU -
AP LR AR A
| xame ziii;i~§ LR e
' ( Heavy metals) # ;f’i g St N x
m = o
A R CEFTIc, 2 BF 0 S REI L HANE
' ( Carcinogens ) ﬁﬁﬂmﬁ 42 %’5
, T ARprE B RAE 0 2 & E AR (SPM) &
' ( Winter smog ) SOZ it o
o EEE ZAPREDLIT E OHEAZEBEL TG T 0
' (Summersmog) | = 5@ TS EREHFT o
R BIf R P s e B AL e £ 2
‘ E\' j\ 4 Il "& » Fpg =Y
o ( Energy resources ) :%@ ® 0 B O EcE M Ft Al R A2 ARAR G
10 EE AR 4 ABEERUREA L A ERRF 0 B TRRE e R
' ( Solid waste ) A o
1 I MABERELZSTA S 4 BRI FIEG
' ( Pesticides ) FoRAMHEFE IIER F P EH A Ko

TR KR Rl 7RG 0 2004

(=) ¥iw

¥Rt EAH AR EFREY  11931990F B BV R R L EE AR E AR
FERB L AL BRBEFR T2 AR LREACEI DRSBTS LR
ﬂﬂ%%*ﬁﬁﬁuﬁﬁﬁﬂiﬁﬁﬁ%’ﬁéﬁﬂﬁﬂﬁﬁ%’#ﬁ{ﬁ—
Wi R R PNk o AR
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4% 3-3 Eco-Indicator 95 % i i* »T g 7]+

Impact category factor
2 728 (Greenhouse effect) 0.0000765
5% Kk a3 (Ozone layer) 1.08
e iv (Acidification ) 0.00888
% - (Eutrophication ) 0.0262
% £ 475 24 (Heavy metals) 18.4
* &+~ (Carcinogens) 92
* 'L 7% (Winter smog ) 0.0106
% £'% 7% (Summer smog ) 0.0558
it 4~ (Energy resources ) 0.00000629
=48 3+ (Solid waste ) 0
B A (Pesticides) 1.04

74 %k © Simapro 7 Database Manual, 2008

(z) =4 i

I

BF B RTRNE S BRI b EEL R ENE BB R
Eco-indicator 9574 & % 12 “Distance-to-Target” «hi ] 5 A# > 2 RiEfrp &
LR FREOEREE P RE 2 B AU AR L AR o
A B REDE L A RS ARt A AR R T bl RS
Ft ik ~OECD~WHO % % -

#3-4 Eco-Indicator 95+¢ {# & € 7|+

Impact category Weighting set
2 %28 (Greenhouse effect) 2.5
5% K s (Ozone layer) 100
f& i+ (Acidification) 10
%% it (Eutrophication ) 5
£ £ %5 %4 (Heavy metals) 5
& &4~ (Carcinogens) 10
% 2 7% (Winter smog ) 5
§ 22 7% (Summer smog ) 25
iv R 4~ (Energy resources ) 0
48 2 5 4+ (Solid waste ) 0
BB A (Pesticides) 25

74 k& © Simapro 7 Database Manual ,2008
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(z) - #Fg

EXRE R IS S SN T N T RES S TS 2 1Y T 2
SAP A RRRT O B GRS RS RS L REEFF R T - Fek
AR TR d S AR AR R

=~ ¥R s EPS 2000

EPS 2000 (Environmental Priority Strategies in product design) =% #-7% ¥_ &
1989# - d L EH ﬁ‘ﬁﬁ ( Swedish Environmental Research Institute » IVL ) *#t
%&’iuﬁ%é%amiwﬁw?@1%’iﬁmﬁﬂﬁﬁkwsﬁt’%®£
B BT - BRB R T X 23k (Safe Guard) -k 2 g i % $2 (willingness
topay) »d ST I EPRAEHBREFTARAEE U2 HREDLRLR > T
e 4piR-H = 5 ELU (Environmental Load Unit) » o* = j2 &3 f et ¥ —‘ﬁ I
AgEANLRRTFE A SR L AEAY FRELT X T o

EPS2000 # i&w 55 4 474 3¢ - # it (Characterization) ~4f % =& (Damage
Assessment) ~ 3% 4c 8 (Weighting) % H 77+t 4 (Single Score) - & # /1 2
PRI FE T o T e B FREGE L o

(- ) it

EPS 2000 it chff Bl > BIRB B RF % A 5 L =2 38 o7 £3-5%77F o

(=) 20

EPS20004F F i I £l > Rl & b b+ = SR B B F S WIiF 3 5 1 IR B Rk
fevk o A w4 MR (HumanHealth) ~ 2 f& % si2 2 4 (Ecosystem Production
Capacity ) ~ #& 2 & 7 /5 £ (Abiotic Stock Resource ) ~ # # % 1+ ( Biodiversity ) ~
% it gk @ (Cultural and recreational values) » (e #cfs - 38 2 it gLk Y Bt
- g iR doon o Pt IR bR R & 0 RSN gl o T 436

% EPS2000 %% &4k
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#3-5 EPS 2000 # 5 b8 57 %)

i

i

. E 514=& 4240 » % DALY ( Disability Adjusted
( Life expectancy ) Life Years) # &4p % &8 (#/4)
B o : o ,
- THE R = athing /4 o
2 ( Sever morbidity ) LA T e e ()4
3 | EAAR R A FE L S AL E(E/)
( Morbidity ) A= ® = AR
FRER R U vr s gr 2
; i S F UL L A AR (E]A
4 ( Sever nuisance ) LH g Tt d & A2 g (E/4)
R B
PR LA A g E R Z/4
T4 2 A4
- FEEEE
6 ( Crop production capacity ) PRIk EE (ko)
LN R S
A _ _ T
! (Wood production capacity ) tict (ko)
AP 2 A4
8 | (Fish and meat production | #4 22> & (kg)
capacity )
IFTAT L T.L
o ( Soil acidification ) Hi3 25 £
BERA A A — s B ks
FOEEEY gk E R R EFH
10 ( Production capacity of i ff %% E;:;}‘E (kg) R
(irrigation)  water) RS EsL
SN S
11 | ( Production capacity of | # £ WHO &% 2 & * -k (kg)
water )
TR s T T < B sl 22
12 ( Depletion of reserves) LR
P fh R 3 . y v
13 Fe AP SRR L RS 0 £ iE S NEX

( Species Extinction )

TR KR © FAFY > 2005
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%3-6 EPS2000 Ik jE¥t ik %
T B 0 g w)
=P Fi (Llfe expectancy )
) B i (Sever morbidity )
A 8k E
wie s 74 (Morbidity)

( Human Health )

E‘S;Taff’ i & (Sever nuisance)

s i’% ( nuisance)

nk

47" 4 &4 (Crop production capacity )
~14 2+ (Wood production capacity )
A /p 4 24 (Fish and meat production
capacity )
23 peiv  (Soil acidification )

3 - W
i&‘/ﬁg"“ié_J

( Ecosystem Production Capacity )

KA A A
( Production capacity of (irrigation )
water )

CNEIINER
( Production capacity ( drinking )
water )

of

22 6T REE
( Abiotic Stock Resource )

FmailE  (Depletion of reserves )

R TEd

. . bl I ies Extincti
(Biodiversity) F»#8= % (Species Extinction)
2 Bk B
( Cultural and recreational values )
AL kR ¢ Goedkoop, etal. , 2001 ; ¥ 75 > 2004 ; 7 i~ > 2005
- l% 4o 1
PR FBIF L TR R R R MEBMLA A e o 2 TR i
Ry FRAEGHLIE TG T , PefF REATA50T AR FEFEEL AT

B AR EE ek
2000 ;I-T% e F)F o

% {s m:}F, £ ¥ i+ 5 ELU
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Environmental Load Unit) » % 3-7 % EPS



%3-7 EPS2000 3= 4c 715
\h‘?ﬁ%ug b g F)
i & (Human Health)

A

=
o

|
[
L

X
o

&2 & 7R3 E (Abiotic Stock Resource )

1
L4 & 4 (Ecosystem Production Capacity ) 1
1
1

4 ¥ % 1+ (Biodiversity )

AL kiR Goedkoop, etal. , 2001 ; %] 7% > 2004 ; 4§ 4~ 2005

(e ) H-7g

HAEA TR TR TR A BHIR R L BF R ES Al
TR R e B R . T RS AHRLRY SR D Y H
BB A ] a RSB L BALE A G kAL AR EERE LY -
385 AR Y AT 2 GPF R et S R o

o
=

#38 RAT T LG R g A

Eco-indicator 95 EPS 2000
B B4 4 ) b5 5 SAER b5 i i ]|
=N
m_,-L If% -
A B o s
i Cwigk |k
e BEU Ttk
BRI FPs
ENE A PR iTf 4 A4
Rt A4 A A
PEER EN SN S fgffJ
EET ) =il
PR P R e
Hb?&"/ﬁ%ﬁ %}t?’ﬁ(ig;
AR 7 BLETRGE | ORI
B fy A 255 R PR G

TR &R Ay R
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Frd AL RAIT

“r2) e Ak (Netenergy) 5 Gt g k2 at il » LG A Iz 2
AT & FFRER AR  FERRLREOLE LR RA N RS R

A AEART TE 20T R M 2 E BT L ERRAD -

v Ja A 11 Net Energy Output = Gross Energy Output - Energy Input

ERROTEBARGP R ATL N3F S 7 R adpiheo bldel iR F 4 U (Energy
Return on Investment, EROI) ~ it /& = {<#p (Energy Payback Time, EPT) ~ it i »c &
% (Energy Profit Ratio, EPR) %

FrHErERRA T T UARER A2 A G TTHREE N2 R
%%Eﬂﬁﬁﬁf%wjﬁi@Wkﬂ’ﬂ%wwiﬁﬁﬁﬁﬁx\f LS R e
v FM R 2 R 2GR Ap R ey R H P 2 P o I R H 4
LA 7 S Mb/}ﬁ'&% LPERPUTRETREE R EiGFRE TR
EERFOR (AT 22 BB ERTE RN E o
-~ RAKFTEN

7o 4% F 3 A ( Energy Return on Investment, EROI )% 5 &_#.1986 ¢ Cleveland -
Hall - Kaufmann 4& 2} > 2 st R 2 2 @427 > sc i A D fos R4 ant @ # ¢ 5
Ry FEe 7 iRA AEARY NE R BEF R O o REEARY B F R A
bt B AR €44 B <& E (British thermal unit, Btu) & £ 77 > 35 2 ;4407

Quantity of Energy Supplied _ Eout

EROI = Quantity of Energy Used on Supply Process ~ E;,

Eou= it B Jic &

Ein= it Rik » it £

EROIF AL 3 i h#t » A 1 F 43 4+ A% % 5 0 HoEROI A 812 44 % -
EROI' ¥ 243 & it Rk » 2 g 55 > § EROI> 1o RIA 7 iR »ed o 2N & F
A F2 0 FEROIKL BIAF G RA DN SFRL i RR Y REwT > Fi5a
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f)ﬁl"‘ﬁg‘_ﬂ gﬁ Nb/)ﬁlm%i‘“ﬂl"

4 39 L ta Rz EROl» 4od #r7 » PHFI T ~ X R F 2R SHIR 4

)%i LA i A ¥ E"f”?}k—--ﬂ A4 wc R A ,},%(Ffiﬂg %F'rﬁ —,)El— [CI A7 B A iéﬁ”ERO| A
1970 £ i~ 5 23 = B 1997 £ pFe '8 K7 42% (Cleveland, 2005) » &f 77 #7

WORA A RN R TR F AR LA > F EROI B 1% > & £ f i
dAERET LG AT o A A RRPEY G R S BRER S T
TR~ A3tk A D (EROI<1) R ¥ pF eyt ~ e - £ 4 i
ez EROI B4 %3 -

d32F R 4 shBs2. EROI B MAp £ 5k > % EROI <1 engijis? 87 it iE
*E i RP 0 Foa § AviE A R 4R Fpoo J—Ef\ AddiTE ‘ﬁfﬁ/]ﬁ"-ﬂié‘éi}%l
FAFRE 0 RE E R RA P R ﬁﬁm\%w&»{@+%ﬁﬁéJ’uﬁiﬁ%
%K e R o

=~ e Rw Ty

it v |z (Energy Payback Time, EPT) * k@& it ez 88 (7 5 R
1R A2 RNERA 32 BEEAETEY 20 R AT ARERAL 2 N RIT

AEF A A SEFEIDT P EZ W RE T &R OFR > L Ao B 3-4 7T o

g

Ao JRE T P

v
R A

TR AkR AP FEgH

B 3-4 s RwATH L s Rw
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I A - A N I L
Br2Z L AN RE AN AT PE O N eT AT
EPT = Life-cycle — Energy Input Ein
- Net Energy Output " Eout—Euyse
He EPT A7 H B jcdp s En i T8 R AR 54
TERERFKERZEADNFE B i aRREK FRE A

+
=
E
L

o

Z T AR AR > LT E L M E 2V DA
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% 3-9

21 a] s

(EROI)

LR R BT A R TR P 53t
i i | 1984 G
bR 4 Rk
FRAIRF
1940" s F# >100 -
1970 s B 3:~23.0 4 8.0 -
2000’ s - 20
1940" s 80.0 80
1970" s 30.0 25
PR 0.7~13.3 3~5
E7:3 Bk 0.5~8.2 1
PRF 1.0~5.0 4
£ 20k
> &
R 0.8~1.7 3.83
ERPN 1.3 0.74~1.65
I F A 0.7~1.8 \
P (AH) 2.6 A
LA
TEN B E 1.9 -
FEN Bt R 1.6 |
TALAE
%
EQF RS 9.0 (27.0) 15
a %% & Scrubbers 6.0 (18.0) 11
Scrubbers 25 (75) 5
-k 4 11.2 (336) 45
%A (FEkEY) 1.0 (12.0) 5~20
3 - 5~80
LB
TR R FEE 2.0 (6.0) 5~7.5
SR E R 42 (126) 10~12
THa kR 1.7 (51) ~10 (30.0) 24
¥ #
B Gk 4.0 (12.0) -
Foi (4 1.9 (5.7) ~13.0 (39.0) -

DIRELPN T 4L

?‘f«' % & : Cleveland et al.,

1984 ;

41

2636 kcal/lkwh & A # 8 & :7 )
a5 2010 5 R E R

2007 ; A5 KL
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BT S D> TSV R FPHESFOLR S 52 & W o
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- & ARPRETHER
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A EE S - e P e AR R < 3 AT F kT §RE
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Ferrig b v A7 FORBR RS EAE L BFEHH R o

# i B = (Function Unit> FU) .4 &8 7 ¢ > * 3t o478t el A
Hireohpmyogmrapandel T- 0 ) VHEE- fFerEpE 45024
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bt A2 EREAY O HEBRESNREE L En T 5 DHE RS
AF R ERFOL ST HEK AR E R EER K HIRE R ?‘ﬂﬁ&?



ZREM T RPE SRR FAPFERATHE P EB IS E 2 AH 2

gpREAFERLEK AR AL R R (2 FREEH) W
BRI BRRAFPEIGRIRL Y BE R EER Y EARY TE 2 0 R
MPEEHR AR EREEERE Y ERT 2R d TR AR B e
EZES TR ER L IRE C BRI PR TR S BREA

A ERd AR (o2 4 )0 ¥ G 90% M F w0 IR ELCETR S
vy

fo RPN BAPHM ] 0 R A AHm TG KRB R R 2

FAE &4

d AP FHRAPNARE R AR GEHFEZ D NI RREK
BHEEZ PE AHRAPNRARG AASAERRER S AB RS R R A
P2 S RPN B R AR R R R A AR O R R
WA REFN S A o 3K 100 #5753 100£ 7 7 > # 5 8E TR
RACk e FAaRr B E s PERERL AR £ AR AR KSR E
BEFTHRBLIAZ 2EFTHE ML T el RE FRF TN S LR
PorERFTH L B AEAME - FREREE- H L EF D RS
o s T ER AL RB2ZERAT > AW A N RTREME ERe AR

P2 bR RS R B el 0 (TR R AT L SRR -

AT B hFE e FRREOR A SRS B SR R 12
}%#'}L’”#HIO FHFEGST RPN AR R TS PR EE D 2 e ko
PR SRR E S S L

(-)A*FH ARMAFE 22T HAE -

(Z) RAt3or~3va L AR P o~ Ropfsger & % i

(Z) fif® 304 1 @ % 5 Rfasy - 82 kiR o

(m ) % K2 BRRRIZINA L% R BT LR RIRE -
(I) ZFFLPFPPERMRIZTFALPIE LR 2L kR -
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(2) B #AORIR  F ¥ AR I 2 587 - BB B AT -

M A AL S ERECK IR AERL R FATHEE IR EP F
FRFMBFRFFPR o LW LR REE LRE

241 FOERBK N2 AERLIREETHEES

EhWBP 78 #r g

i 48 6 kg

4 4 AR 10 kg

T~ 4 2 kg

&F 1.5kg

'k 150 kg

A g w4 12 kwh

FTHRER: AFTH 4

FoO8 RERBKAIRZE GHYITER

AFAG R A HFH TR 8 SimaPro7.3 AR 1 E AT EH
Eco-Indicator 95~ EPS 2000 i f&: = ficst K€ S R -k kb A gz @
* AT HIRE rid N i o DI EVL R FRGVL R .

BRFBRGARDYURE BEF BERFURELFTHOEY 2 70 AXEL
AR RERY TR R R Y I 4 AiERY AL RSP AFEY
BHRAR AR 20U 5 15 # 0 B pEE- R v 2 & 45022 (X200
N ) B CHK  BRHBK EAETE TOOW » & p & % R AL § A 2
FROPEF G422 E pETENIRAT R b E LN TE L 16425
BR

- ~ ¥ 5 i35 Eco-indicator 95

Eco-indicator 95 x 2 p CML 1992 Guide =zt f; R P
“Distance-to-Target” s B 5 A# > 1 & F L {HEFR VR $Y F21 8
A s 4@ * et hFETE Y o Eco-indicator 95 ¢ 7w 3 A 4T B ik

it (Characterization) ~ # # i* (Normalization) ~ =¥ 4c 1 (Weighting) = ¥ -
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i# gL (Single score) »

Eco-Indicator 95 #-5% 4 #ci* (Characterization) 2. P e
#agp 37 kﬁﬁ%ﬁﬁ@iﬁ#“ﬁ*’ﬁﬂ#}‘a— Hix>o @@ H 334
PRiEEdt Bl s s vt - & BREIE
i

B R RB
F — Tk 8 8 R
R

FWR|IE P T At gt F oo

% 4-2~ B 4-1 5 # * Eco-Indicator 95 ;N2 it 2% > d B¢ ¥ 105

A Eco-Indicator 95 =11 78 & 5

£ ) i

%042 BERAK

fﬁr‘?zx\ﬁ V«,I =4 1I/§%R§ﬁ. }\ A ,._,fr

EEFER 2T R LA R R W S ik

%u2_ Eco-Indicator 95 it 2% %

A
24 (15
Gy £ 2 0

Impact category Unit Total Manufacture Operate
& % »< ik (Greenhouse effect) | Kg CO2 9013.6 63.6 8.95E+03
5% K #ak (Ozone layer) || Kg CFC11 | 0.00038045 2.45E-06 0.000378
fa i (Acidification) Kg SO2 40.586 0.386 40.2
% v (Eutrophication) Kg PO4 28.272 0.272 28
£ £ 45 % (Heavy metals) | KgPb 0.6846 0.0146 0.67
%4 (Carcinogens) KgB (a) P 0.001358 0.000719 0.000639
% £'€ % (Winter smog ) Kg SPM 31.867 0.367 315
% £'% 7% (Summer smog) Kg C2H4 0.7775 0.0145 0.763
i % 4 (Energy resources) | MJ LHV 202973 973 2.02E+05
=48 3+ (Solid waste ) Kg 0 0 0
#.# A (Pesticides ) Kg act.subst 0 0 0

FH AR AT ER
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#osot--f b b e
R SRS I EEER R EEEE ) SRR EERE B EERE ) CEECFCERTESPREERER [ EEERE R
ot 1 4t |1 ‘-4 |1 |0 |
s+ 4 et e e e
ot 1 et b e e
=+ 1 et b e e
ot 1 e e e ]
st 1 et e e
o041 4 b
st L1 ] L ] s | ]
0 " T’ " y T u T " T u
Greenhouse  Ogzonelayer  Addification  Eutrophicati Heavy Cardnogens Pesticides Summer Winter smog Energy Solid waste
on metals smog resources

FALKR A AT
1 #%

Bl 4-1 & #0k

Eco-Indicator 95 ;N & acit B % &% 1 T3 k(s

L R NP A A
Eco-Indicator 95 #-5% 2

2k
RS

M Manufacture O Operate

Eco-Indicator 95 #fxiv & %

& & & F]S i o

o T A 43 Bl 42 LARAOK LR

C 3 CRLIR S SR O I LN I s RS A

& R A ) Y et

oo FIp -l k2 i BB T TG SR E T alikiE 0 Sd
Eco-Indicator 95 # f& i* %]+ e 2 {5 > B L ARAOR AT F A AW E

A

R LA 2 I

S AE S R B S R

N o I

b

ERE AR A

% 4-3 # R #-k & 2z Eco-Indicator 95 ¥ i it % %

Impact category Total Manufacture Operate
8 % »z & (Greenhouse effect ) 0.68986 0.00486 0.685
5-% K B3k (Ozone layer) | 0.00041045 2.45E-06 0.000408
f& i+ (Acidification) 0.36043 0.00343 0.357
& & i+ (Eutrophication ) 0.74012 0.00712 0.733
¥ £ %5 % (Heavy metals) 12.569 0.269 12.3
® & F (Carcinogens ) 0.06606 0.00736 0.0587
% £'€ % (Winter smog ) 0.33789 0.00389 0.334
§ 2% 7% (Summer smog ) 0.043407 0.000807 0.0426
iv k) 4~ (Energy resources ) 1.27612 0.00612 1.27
F 48 2 0 $» (Solid waste ) 0 0 0
B A (Pesticides) 0 0 0

FAL KGR T AR R
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Greenhouse Ozone layer Acidification Eutrophicati Heawy Carcinogens Pesticides Summer Winter smog Energy Solid waste
on metals smag resources
M Manufacture & Operate

TR KR A KR
Bl 4-2 # & -k k %z Eco-Indicator 95 # A it &%

W% 1 18 ehdic @ 3k 2 Eco-Indicator 95 #5N ¢ 47 IR B B B L hE £
Ma A2 L %{Eco-lndicator 95 #cst 2 3 4efE (Weighting ) - ™ ] 4-3
% Eco-Indicator 95 fif;Vz ik e % » - B R ZBF A S eonliciER L 7
FPREPTENNLEE R B DL d BlY P U ES TR B
mEME AR RN R FRAE LRA B CERNRATES K

fod it %3 i 3R A8 R 2R RS B (2 eh
FRit B Ry E P B RE > H A& R %5 Eco-Indicator 95 5% 35 pa it
BREFEFRERPEOLE PR RP AR ZBIL ZL0D S g

T T T T y T T T T T T
Greenhouse Qzone layer Acidification Eutrophicati Heavy Cardnogens Pesticides Summer Winter smog Energy Solid waste
on metals smog resources
M Manufacture O Cperate

FR KR A ER

Bl 4-3 # &R #-k & stz Eco-Indicator 95 3% 4o & %
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¥ - i7gL(SingleScore) 2. p i VR fRE - & B AA Sl iR
AR B 8 o 10T 4 4-3- B 4-4 E_# * Eco-Indicator 95 itz H - (B gk
% BER T A RAEK LA Eco-Indicator 95 #iN L - R EL P o £ £
Brdb ke B2 BAEL S UEZRM ;AR X NFER Y FRERZTE
Bt > 2 T3P BV A B e E 4B % (6LO6PL) HHliiE
A2 BB P E84.44% 0 B LR & 367Pt el 357Pt; AR B REK
AT SN TR BB L L5Pt B9 £ B denirB 53 1.34PL (&

%l A2 BB B 1 88.62% » H =t ¥ kK4 0.07Pt~ & i+ 0.035Pt -

24 % R ] 1 i

REERFARE PBE A bk EH R A

ST VR G~ TR 0

FEE b d 204 AR B E 2B R Y > i gk

2R AR AHT

# 4-4  # R ARk ¥z Eco-Indicator 95 =% 4 ¥ - (FEEE %

Impact category Unit Total Manufacture Operate
& % »c )iz (Greenhouse effect) Pt 1.7222 0.0122 1.71
5. % K a3 (Ozone layer) Pt 0.041064 0.000264 0.0408
4 v (Acidification ) Pt 3.6043 0.0343 3.57
& 4% i* (Eutrophication) Pt 3.7056 0.0356 3.67
¥ £ 475 24 (Heavy metals) Pt 62.94 1.34 61.6
% F (Carcinogens) Pt 0.6606 0.0736 0.587
% ¢ 7% (Winter smog) Pt 1.6895 0.0195 1.67
% %' 5% (Summer smog ) Pt 0.10802 0.00202 0.106
it ) 4~ (Energy resources ) Pt 0 0 0
#4823 $ (Solid waste ) Pt 0 0 0
# B A (Pesticides) Pt 0 0 0
Total Pt 74.5 1.5 73.0

FH AR AT ER
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T
Manufacture Operate

El Greenhouse 3 Czone layer Bl Acdification B Eutrophication 3 Heavy metals B Carcinogens 3 Pestiddes Bl Summer smog
B2 Winter smog [ Energy resources Il Solid waste

FH KR AT ER
B 4-4 # &R #-k k%2 Eco-Indicator 95 H - 9k
=~ TR N EPS 2000

EPS2000 &.d sho o3 B ih- f4 AP FE 32> UL L= Ee
BiEE kdpl R AR £ WL R HE o FR r%ﬁ_im‘g kR RER
TOBRBEFRRIL 2GR R RS> x-Sk g < BRI L R
LA E 7\~ 1A gﬁﬁ“fi‘ o T e ARAZE o EPS 2000 ma‘gﬁ.'——ﬁi al
ELU (Environmental Load Unit) » H 3= 742 5 4 #cit (Characterization) ~ 45 %
>z (Damage Assessment ) gf-f%i s 4# (Weighting ) ~ ¥ - i 2 (Single Score) »
PP E R P BT R R AR L SE R KRR A & B i AR
PHERERELE L

EPS 2000 #3% 4+ #cit (Characterization) #-7 frcrpr g it S fp - H > i@
HEN AR -FBEFIEP P BT O R 7857 R FIFE
- ErFEwEp Teorant € o & 45 B 45 5 @ % EPS 2000 H-5¢ it
2% d BAVRHAAN EEHFE 2T R ZAR 2 WFFERR RS
7R RECK S ST e T e e 48 1 TR S 5 3952 ELU ~ iEg 2 A 4
51923bkg > HP s AHA RS AR 2 AABLEE M- BELATFER
FoOR FAE a2 A B AR 2 A g R e Rl e e

L3 F - SHRHOR G E EE G AP d2 A4 T 055Ky
Btkied 2 A 4 400.92kg -

& EPS 2000 #ir;V ¢ v #-13 B trfFap sl 5w < 380 ¢ 35 4§82 & (Human
Health) ~ 2 & s 3t4 &2 4 (Ecosystem Production Capacity) ~ & 2 & F ik 5 &
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( Abiotic Stock Resource ) ~ # 4 % %+ (Biodiversity ) e

# 45 FERFR K

e

v2. EPS 2000 #pcit & %

we L

Impact category Unit Total |Manufacture| Operate
=P Fi
( Life expectancy ) PersonYTr 0.012314 0.000214 0.0121
Bt i
( Sever morbidity ) PersonYr | 0.0031843 4.43E-05| 0.00314
:)"i:, ﬁ‘é
( Morbidity) PersonYr |0.00647481 4.48E-05| 0.00643
FREREERE
( Sever nuisance ) PersonYr 0.002234 0.000104| 0.00213
PR
(nuisance ) PersonYTr 0.24348 0.00248 0.241
/S K 19.235 0.135 19.1
( Crop production capacity ) g ' ' '
i ikl K 400.92 2.92 398
( Wood production capacity ) g | T )
HP RS K 0.55096 0.00796 0.543
( Fish and meat production capacity ) g ({ ' '
g i 8l
H+e 63.593 0.593 63
( Soil acidification ) q
AL e B
( Production capacity of ~(irrigation) |Kg 0 0 0
water )
grokd A4
i . K 0 0 0
( Production capacity of water ) g
PR ELU 3952 652| 3.30E+03
( Depletion of reserves ) '
o 40
NEX 2.182E-10 9.52E-11 1.23E-10

( Species Extinction )

FRAR AR

EPS 2000 #-5% 4 & := &% (Damage assessment) 2. P &1 5 #-fic b 65 57 %) ip
HeEESE- BT qjv“é; o4 4-6~ B 4-6 5 ERFK KR * EPS2000 #o50




716.5% T RFIAL e R E £ B TR S 0 HARE DR
BRLE R AR EFLEEPBE TR B 0 F 9 98.4% 0 o B HE I
VR R EAHERS G SR T RRHK

=
9
ASET A R A4 B R SR PB IR R -

u u y u u ' T T u u u u u
Life expec Severe Morbidity Severe Muisance Cropgrow  \Wood gro Fish and Soil acidifi ~ Prod. cap Prod. cap  Depletion Spedes
tancy morbidity nuisance th capacit  wth capac meat pro cation . irrigation . drinking of reserv extinction
M Manufacture [ Operate

FH KR AL AR

Bl 4-5 # & £k i se2 EPS 2000 4 pcit & %

4 4-6 #ARFK ki EPS2000 3 F i 4 %

Impact category Unit Total Manufacture | Operate

LR

ELU 1484.3 24.3 | 1.46E+03
( Human Health)

( Ecosystem Production ELU -13.1 -0.0958 -13
Capacity )

PR

EL 2. 2 .30E+
( Abiotic Stock Resource ) v 3952.0 65 3-30E+03

R Y

EL 13.7 1 13
( Biodiversity) U 3 0.105 3.6

T KGR A R
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-7
-80
90
-100 u T T T
Human health Ecosystem production Abiotic stock resource Biodiversity
capacity

M Manufacture O Operate

FHkR A ER

B 4-6 #|A Ak k2 EPS2000 4F TG 2%

T AT BAT L EPSZOOO%s_‘\'Lx%écfé S ) i ehdE 3T
w5 % 3k EPS 2000 ¥z £ F]F+ ik (8 0 B R AT At B RECR A3
WWARY o LHERBE TR > AL FFRTEOFF IR ER R AR D
EEFIRY M Ao E RN {13 Y o T FIRNIR B
HERF o oh A SREOEERERS o BRI G A R At 24 B 5 Lk
:k:!‘_o

kPt
()

y t T
Human health Ecosystem production Abiotic stock resource Biodiversity
capacity
M Manufacture OJ Operate

Bl 4-7 # R ECK k32 EPS2000 % 4 f 55 %

% 4-7~ Bl 4-8 @ * EPS2000 #5582 ¥ - @gens % - d BliA 7 & #1%
FoR AAHBREER SR L R AT RGE AR AR HY 2
EEMEHBERE IR OEE nad AT RGE S L& ¥ 0 k(3,300Pt)

FIRY
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H i A 8aaEE ool (L460Pt) o #r8»cz. kil 5 B0k & sei@ g 15 & 91
ﬁv?ﬁ1§4iié\¢ﬁa\ﬁﬁ%’ﬁﬂé?4iév’%%ﬁv@%a%ém SRR £
% £ BTERBMT R LA R AREMES LEL 6T R

TR A& enraEs A& R FETF AR ANSELEY HB - FELERTR

T
—
e

]
g;
&

%47 BAEFK K2 EPS2000 3R A fE s B - L

Impact category Unit| Total Manufacture | Operate
AR
( Human Health ) Pt 1484.3 24.3] 1.46E+03
R PRGN S
( Ecosystem Production Capacity ) Pt 131 10.0958) -1.30E+01
S/ ke Pt | 3952.0 652| 3.30E+03
( Ablotlc Stock Resource )
285 R
(Biodiversity ) Pt 13.6 0.015 13.6
K
(Total) Pt 5347.0 677 4.67E+03

T
Manufacture Operate

I Human health [ Ecosystem production capacity ] Abiotic stock resource I Eiodiversity
ALK A EE
B 4-8 # R Ak k%z EPS2000 H - FgLd %

Ay 2% 2 Reyetal. (2004 ~ 2011) i * EPS 2000 4% 34 4% & # -k & kL2
4GP EETREPR I NEET A R PR LR D E KR ¥ F
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FRPREEE DI EL T BEFET ﬁvl’?;}%’g'q;ﬁky;{:‘(é AR Y T

AR e

IR R Pﬁﬁﬁj\‘é B R O PFECHES 2 R RS 0 B
Eco-Indicator 95 #-5¢ ¢ » 1 Bz W sep i £ &4 0 EXR SRR 2R
it ¥ b EPS2000 2 RS A 0 B2 AT RGE LA R B R

B2 AR -

ﬁ%@ﬂ{ﬁ@ﬁ«;&@ﬁﬁ@ﬂﬁ,i@a»w&ﬁ?aﬁﬁiﬁ%ﬁ’
AR ARER IS ER Y O A R TFFRESEA L A8 RFEA A
TAHFRERE A BETS ATE UL E LD AL HE B2 5 S
R FRAET RGP RA

F2 & BRARE GRPIFRIVEL

SEFARREAR G E AR ST ETERCR AL A S TG
om0 AR ke A2 E E 4 * SimaPro FALE (Ecoinvent database ) 2. FF
e 77 TECK AR BERY PR E NIRRT S n AFEIPER D
2R G F P RE- F o2& 4 50 2 (%200 2 ) 55CHk - & p
% & 6000 kcal » 1995 T #-k 5 56 24y & 817 keal/lkwh & 8 > & p & * T -k
BABETENTIIRT @ IBEL I RET R YL 242 F -

X Er#ok kgl 4277 5 B SimaPro kLR (Ecoinvent database ) 0 ¢ #73% it
PTG L E 2 AMER iR v L s R L A TR i mc«
ko BrECR R AR PR o R IR E X AT pAtiE 9,951 keal/kg 0
FPHE- 2 E L5002 (£ 20022)55CH#-kE £ 6,000 kcal 2 #
A pF Rt 06KgZ X RF 015 E R X ARE X E7 3,301Kg -

)

“Sm:

F_&

(e

" T i 787 7 % 4% Eco-Indicator 95 ~ EPS 2000 iz s A T Hoit kot A R
ok k3 (HPWS) ~ 7 #-k k%8 (EWHS) 7 2 & 2781k 5 %2 (GWHS) » 7k
Borg S iirE L B o

- ~ I 5 Ho5% Eco-Indicator 95

% 4-8~ B 4-9 T L F Ak ks Eco-Indicator95 ot 2o it B % o
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Ripg s g Mo T AL - A gs? PEREE - d B S &£ R#
Ko a s R BRCK kAo A - BRERIE o DAk KA SYEL P B
A EERF TR Y hT 4 S AR KR X TACK ARZET RV RRR
RERB NF S RRERGAZRETFERE b AR kSR o
% 4-8 7 F &k k 3z Eco-Indicator 95 #pciv vt i i %
Impact category Unit EWHS GWHS HPWS
& % »cJi (Greenhouse effect) [Kg CO; 18300 746 9010
5.3 Kk s (Ozone layer) Kg CFC11 0.000771 0.0000264 0.00038
iz it (Acidification ) Kg SO2 82.1 3.61 40.6
&% i- (Eutrophication ) Kg PO4 57.1 1.72 28.3
T £ /5 4 (Heavy metals) [Kg Ph 1.37 0.107 0.684
® 4 (Carcinogens) Kg B(a)P 0.00131 0.000307 0.000719
% %% & (Winter smog ) Kg SPM 64.3 3.15 31.9
% 5% (Summersmog) [Kg C2H4 1.56 0.229 0.777
iv Ry 4~ (Energy resources)  [[MJ LHV 413000 166000 203000
rﬂ%“’@t%) ¥ (Solid waste ) Kg 0 0 0
5.7 (Pesticides ) Kg act.subst 0 0 0

TR S

£3
w

N Y R

Greenhouse

% 4-9 ~

éﬁ‘ J\ /J‘< Ll"'“‘

Heavy
metals

Ozone layer Adidification Eutrophicati
on

N O iy %

Bl 4-9 =

Bl 4-10 & 7 e £k
R

%4

U

55

Carcinogens

Summer Winter smog Energy
smog  rEsOUrCES

Pesticides

B EWHS 0 GHWS [ HPWS

-k x ¥tz. Eco-Indicator 95 #jciv &%

R BT iR S HIRR

Solid waste

i * Eco-Indicator 95 fio;vz F A it 2% o
pﬁﬂﬁ’%iﬁiﬁ%\ﬁﬁﬁﬁ~%%ﬂiﬁ
A R gliin’ S 3 G- AR AT A eS

TRl




% 4-9 7 F\?'%ﬁ"]\

Y4k

& kuz_ Eco-Indicator 95 ¥ i it B %

Impact category EWHS GWHS HPWS
2 % 7 (Greenhouse effect ) 1.4 0.0571 0.689
5. % K a3 (Ozone layer) 0.000833 2.85E-05 0.000411
fa i (Acidification ) 0.729 0.0321 0.361
% it (Eutrophication) 1.5 0.045 0.741
¥ £ 475 24 (Heavy metals) 25.2 1.97 12.6
% F (Carcinogens) 0.121 0.0283 0.0661
% %% % (Winter smog ) 0.681 0.0334 0.338
% £ 7% (Summer smog ) 0.0869 0.0128 0.0434
it Ry 4~ (Energy resources ) 2.6 1.05 1.28
F 48 2+ (Solid waste ) 0 0
B A (Pesticides) 0 0
AL kR

ARG R

FH AR

B 4-10 7 Fe A4k k 5oz
o818

2

a4

B R VR AT Rk kS MRS

Pt> %
EHBRFLA KR AR K AIFERPER
BigEARY R~ o

Br#K k987 Pte PR & A T BT

g T
Cardnos gens Pesticides

T
mmmmm

smog
B EWHS 0 GHWS 0 HPWS

56

SLH =0 Bt G i‘ﬁﬁ’%‘ }\

L HERELE L

AR E BT L E T 126Pt A B RECK FAHE EH TS

D ECK KRB RR K

4o r b o

& %z Eco-Indicator 95 % A5 i 2% £ 4-10~ B 4-11 5 7
Li¢ * Eco-Indicator 95 #o3t 2 3B 4 % o T OUF IR T HoR ki
hE - BRI D T RS A S BRAR K

4z
45
wbl ©

KA R R L T ECK

3 62.9
suz &

3 ErECR ke kR R E




110
100 4----

TR &R 2Ty FR

B 4-11 7 B #u-K ik bz

B EwHs 0 GHWS 0 HPWS

Eco-Indicator 95 %} 4 12 55 %

# 4-10 7 I #-k & 5tz Eco-Indicator 95 =i 4v {2 H - (F gL %

&0
50

30

10

Impact category Unit EWHS GWHS HPWS
2 % 7k ( Greenhouse effect ) Pt 3.49 0.143 1.72
5.5 K s (Ozone layer) Pt 0.0833 2.85E-03 0.0411
4 v (Acidification) Pt 7.29 0.321 3.61
&% i+ (Eutrophication) Pt 7.48 0.225 3.7
¥ 2 %5 24 (Heavy metals) Pt 126 9.87 62.9
* A4~ (Carcinogens) Pt 1.21 0.283 0.661
% £€ % (Winter smog ) Pt 3.41 0.167 1.69
% L% (Summer smog) Pt 0.217 0.0319 0.108
it ki #4~ (Energy resources ) Pt 0 0 0
=48 3+ (Solid waste ) Pt 0 0 0
# B A (Pesticides) Pt 0 0 0
B3 Pt 149 11 74.5
AL kR

M Greenhouse [ Ozone layer [ Adidification

TR kR AT R

Bl 4-12 7 F %ok k 3z Eco-indicator 95 H — {7 Bht % %
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B 4-12~ % 4-10 2 # B # -k x 3@ * Eco-Indicator 95 fic;\z. H — {Fghanid
5o RHERARAERA S {RE DEFEF 0 B3 149Pt H P 2 g

B3
EHBFABAEN SRR L LR L RARBEE LR 99%E Kk pE
PR T 4 o Hx AR HFK ki (T45P) i p s ST &3
A~ BRI SR ELL o DAL ETHR ASRE - FE oW 11Pt, 2 H W
PR IR B 7% 2 7] 10.8 Pt -

Fad iR RALT K ASBRHAR K R T AT

LRPRREr X THK A LEEF R AR T ERERFR AR ETH

'k & %t Eco-indicator 95 ¥ =G BN T 2 BB P E A S o om 3 BrEUK &

E R R X F AR B R i LR - R i B
GES 8 24 2 d N

b REAPTE

L\\

> 7 Eco-indicator 95 # ¥ = im H58 T IR B A
5L e E AR AL BRI S ARACR AR TR L

= -~ FFEE Y EPS 2000

MG ¢ EPS 2000 R iR BN KL A e AR R ALHIR B cniir R 2 2
Mo 413 £ 4-11 L 7 Ak Gk EPS2000 B2 Bkl Sk o T oE
Mot = AR o TRk SR AL mfﬁv&m?‘f“ﬁ*‘ PAEF o A
AERACK G BRI AR SR R EELR R TRk R
R I B Rl 4 O B ' <8 p‘”‘/fs'tﬂ"liﬁ‘* ( Depletion of reserves) * & 3 ¢
VbR AR AT W A EE D P HT R L AP DT
iRt 482 (2000) P REIRARF BT R 60 £ 0 A TEEF R g@_

Gk B RF BT X RF i Y h R TR RS RE S TR (35 % 5 2009) ¢

Bl4-14~ 4 412 57 b4k s EPS2000 HEA 2 2 R 2% > &

ARERERE 2 R RA A4 2 AP SREgEY > RRAPR DR B LR AR

B BBE 0 B RMARSL AR B L BTECK kTS & e B

—-\

A2 BT RGE ISR L ETECR FRE TRV DR R F A AR A
RSB A R RFIE AR PR AP e B ERY VR ERFER DR
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4 4-11 7 B #ok k %uzo EPS 2000 # it vt i %

Impact category Unit EWHS GWHS HPWS
=R FE i
. R PersonYr 0.0248 0.00144 0.0124
( Life expectancy )
B i
§ . PersonYr | 0.00641 2.92E-04 0.00319
( Sever morbidity )
:}?3 f{g
- PersonYr 0.0131 5.47E-04 0.00647
( Morbidity )
- ey
FLE " | PersonYr | 0.00436 0.00111 0.00223
( Sever nuisance )
PR
) ; PersonYr 0.492 0.0225 0.244
(nuisance )
¥4 4 4 4
. . Kg 39 1.86 19.3
( Crop production capacity )
A A A
. . Kg -813 -34.5 -401
(Wood production capacity )
alp 2 A A
. . . K -1.11 -0.0594 -0.551
( Fish and meat production capacity ) g
et
M W H+e 129 5.61 63.6
( Soil acidification ) g
EIERA A
(Production capacity of (irrigation ) [Kg 0 0 0
water )
CNLI Sl B K 5 0 0
( Production capacity of water ) g
TR R
P ELU 6.87E+03 | 5.40E+03 | 3.96E+03
( Depletion of reserves )
ok - Rk
(A NEX 2.52E-10 1.12E-11 1.24E-10

( Species Extinction )

FH KR AP ER
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Severe Nuisance

nuisance

Morbidity

Life expect Severe
ancy morbidity

B 4-13 7 F#-k ki k2. EPS 2000 #Fpcit v il 5%

% 4-14 7 | #ok s k2. EPS 2000 4F & 3= 15 vt g 5

h capacity

Crop growt  Wood grow
th capacity

Fish and

W EwHs 0 GHWS 0 HPWS

Soil acidific
meat prod ation

Prod, cap
. irrigation

Prod, cap
. drinking

Spedies
extinction

Depletion
of reserve

Impact category

Unit

EWHS

GWHS

HPWS

G ey S
( Human Health )

ELU

2970

170

1480

L
EA PO IR T

( Ecosystem Production Capacity )

ELU

-26.5

-1.11

-13.1

eSS L

( Abiotic Stock Resource )

ELU

6870

5470

3960

EE N Jed
( Biodiversity )

ELU

271.7

1.23

13.7

FH KR AT ER

t
Ecosystem production
capadty

f
Human health

TR kR AR R

W 4-14 7 F#-k k2. EPS2000 45 % #=13

f
Abiotic stock resource

N EWHS 0 GHWS [ HPWS

60
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Bl 4-15~ % 4-13 5 * B #-k ki@ * EPS2000 #5382 37 % sefp g % 0 o

it

RV AT AR RO FREL ROREEFFIAEL AT RGE AL
EEOFET R FIAF G HR FR AR TR AR S AR RA T S
BRI 0 L ATECOR G AR 2 X R B TR D A <

= S

BB BACR AR J AR Y AT AT ORI B ¢ AR PR %

o RART S EFAE AR ARR GRCT AR Fg S A

~
=R
lﬂl“'r

w

3
7

h
-
L O FUETE N

T
Biodiversity

T T T
Human health Ecosystem production Abiotic stock resource
capadity
B EwHS 0 GHWS O HPWS

T kR AT ER
B 4-15 7 I #-k & stz EPS 2000 3= 4c vt s %

3 4-13 ok & stz EPS 2000 3T bedE 1 & B - @B R

Impact category Unit | EWHS GWHS HPWS
A RE R
( Human Health ) Pt 2970 170 1480
A ORI S
( Ecosystem Production Capacity ) Pt A8 1 131
REETRGE Pt 6870 5470 3960
( Abiotic Stock Resource )
EX T

(Biodiversity ) Pt 27.7 1.23 13.7
B3 Pt 9840 5640 5440

FALKGR AR

B 4-16 ~ % 4-13 L = fa# -k ksiig * EPS2000 #5¢ 2 ¥ - #F 8henig &
Bor aBERET DL GEHY > TEK A HRS RSB 7] 9840 Pt > Hik
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B Pi8r Bagd b RGENE ABMEEES R EFED > A
6870 Pt r2 2 2970 Pt; H =t &_X #7440k & 5 5640 Pt 7R 8 5 = L T # R #u-k

4 BAMOPL B2 K¢ RS AT R E S LR B -

B RFIRL S EBK ufﬁ%l:ésﬁﬁ BB EERF LA
B r R e EAHNALETRGEARD R NPT 8 TR
PRAOR ABREERER AR E TS SARTH T RT A A AT
FPEAPFL ATRGFEDLERTFD S LATECR RS RFEFFEATR R K
FoRIFN - BRI L R B HEGEAPRT R AEE R L RS
BrECK kB A & enfiF IR p o

TR

p
E-D
=
=
s
.
(g
3
et

EWHS GHWS HPWS

W Human health [ Ecosystem production capacity L___] Abiotic stock resource I Giodiversity

B 4-16 7 I #u-k % 3v2. EPS 2000 ¥ - #9804 ot o %

MEHmE R - RN BEOR LA R EEIEE T 187
- thken® % >Eco-indicator 95 ¥ 3= H58 To H IR B B % L e 3 BrAR R S
HAX FHARHFOR 5% RSP T8k % 2%m » & EPS 2000 i 27 fi 50
BB R E NI RRBOR R B A AR S A Rk R
EPS 2000 8 =15 fics T 2 R P A o * o

B R % IR ¥ 0 §_ %] 5 Eco-indicator 95 T2 BN At B Ik
Bo¥E $AMEE ATERELL BER TR ﬁ‘*‘u”ﬂ&?@??ﬁ"?ﬂ'ﬁ N
BAFDTE D REGEE PBE I B4R 2 TP L AFOR AT AT R
PR Y 2 ARG AP - AL R Rk B LR RER S
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It EPS 2000 ¥ z=im 50 ¢ o ",ﬁ?’) AREEACS AT RFIE P
ifﬁﬂ?@d%iﬁ;@?@rﬁﬁwﬁ’a%%fifﬁ%ﬂﬁiﬁ@,ﬁ
?mﬁéﬁ#ﬁww’as%%mﬁﬁﬁi rﬁ@aiﬁaﬁié’

Fok b RATHCK B BRECR kB2 4 b IR i
Fir BRI R Ry ’@*E%%$ﬂ&%$ﬁ%ﬁiéﬁﬂﬁﬁ
PIE#RFCR S Far TR ESTET > R Y B Ad

Kk
hoxo e R p ARAENAT o A% T ACK R HRG mﬁ%ﬁ%ﬁg‘??&{’ %

PARS

#
N
&
"
A

hok i St2 R R A 178 CO %

- ENRA

%1970 # SR A TS o & RB AR TR R LRI 2 B R
BT R E FSFLFACERROE S R EFR RS 2T G
BB F I W TIOAR R R £ A SR MR E B LR R * o
% COp et » 112 Hedid S enTp B R SE o A o dok @ % g g 4
o RB > 2 A RS F TR J g e B RAEE R A e
B adTRB R RE KL LA RNE AR ERT BN RO 0 A
Wig 4 AL A Renip B 2 R RPBR SR Y v F R HEF N A D (F
BRI DT pag 0 B A R P KA R TR 2 RAF R AR
g R A N R R R e

“73) i iy R (Netenergy) 5 gAg @ e fhz wi » L8 WA
24 AT ¢ 7 FREE FJE N EEE R RW A OLE S L TR R
B w2 ARG TR R N EET L ENRA D o

T

v

[
=

Z s kA d Net Energy Output = Gross Energy Output - Energy Input

/inb/&mki Qkﬁ? ’ _‘Z_/i”l ﬁ:;lﬂ?vm#ﬂ%ﬂ’mj-& :nb/}g'lifx ;*,J;’ﬁw
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(Energy Return on Investment, EROI ) ~ it Ja»c & 5 (Energy Profit Ratio, EPR )
it & w ¥ (Energy Payback Time, EPT) % -

AETEHEY ERRAIT T URRER ARG SR DT B A N2
B kBEENRLTHRMFEL R 0 Al RPN Z AR AR R R
SR T AP RS R R Ap My R H P 2 P o
F1# 41* SERT (Sustainable Energy Research Team of the University of Bath ) #f =
T2 L H PR A A A i Ry R SR TRESRRE O R

BERE S TT RERRBR AT 24 FHEERTE wREL B o

(=) fiRILFHpY
e I F AR (Energy Return on Investment, EROI) ¥ % &t i 2 A 427 >

R A D e R e @

ERO| = Quantity of Energy Supplied _ Eout
" Quantity of Energy Used on Supply Process ~ Ein

Eouwt= seiip A 1
Ein= s /B4 » it £

A

8\

4 ¢ L1 ¥ EROI A2 £ 3% % - EROI ¥ 288 4 il R4k » &
tated 0§ EROI>1 Pl 7 i imf »od - A 5 F4%% 5 % EROI<L ] £
FALRA D S TRL A RR T RERE  E AR R AD B § A R
Fosmo Fpt o K AR A BB L 2 R RBPE ) R 0B AT R R
M2 G0 AR~ BB PR A S R R R i R

ABREUEERY  RBRF R EDTR  lEE - SRARL R
SR ERAE R R R R RS L s R R
FEH AR AR AS AEAY 0 0 F R 0 % FIOF T LT AR

Hﬂ‘*sw&‘uﬂ B AR R T HB N o kB E RN PT F ey
$E - SRREBCR KA O PR R RS AR 5 7921 MIeded 4-14

AEEAREOR AL ERERY 2 QAR AP BRI BR R
B By 5 15 & & pR/iE- fr v A& A 502 (H 200 22 )E5CH K
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BR AR K

IR RETEG3RT kY 15 E LI RETEL 16425 K7
£ 4240 59,130 MJ -

S b

u%ﬁ“q”g 700W> = p i * %‘Aﬁ%“ J\,: Kite ’g“'/ﬁ 'E‘m_mfgfm'pp

B AR

24-14 HE SRR BEABY N RAEZ LR GA F I
For gt 8- SLA ) B I = For ol ee AR

(kg/kwh) (MJ/kg) (MJ/kwh) (MJ)
4% 48 6 24.4 146.4
AR A A8 10 24.4 244
4 2 48 96
4 1.5 155 232.5
T4 12 3.6 43.2
* oK E 150 0.2 30
Total 7921 MJ

FHRAR: AT A EFR
4415 BRBOK K2k hik (COP)
S ’J( /g_}i o ) o o

iR R 10C 15C 20C 25C

35C 5.62 5.35 5.19 4.96

30°C 4,95 4.72 454 432

25C 412 3.91 3.74 3.53

20°C 3.95 3.76 3.58 3.39

15C 3.35 3.19 3.03 2.87

10°C 2.82 2.67 2.52 2.35

5C 2.44 2.29 2.16 2.07

0C 1.82 1.70 1.58 1.47

FH AR D 1 RR R A S ik IR 2

E +
FI" j\Z\'

B RIRE A R A

4

% st
/Ji “:,"_,F_; (g
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AAERECR RERABERRME AR RT F i R A
T EET ERP #‘ﬁﬁ R BRAOR K AA S 1R vk R 2 By o A
TRBZ BRI LT N PGB E KRR P E R SR 4150

felt? pduRBEEAME »KERTHCOP & 73b8 IR RHK L R15

ERHAAF > TEE S R 86921.10 MJ 1 332,310.6 MJ 2. F » 4r i 4-16 #751 o

2 4-16 AR Bk xgr 1528 FE R

kiR R
10C 15C 20C 25T
TBIE R
35C 332310.60 | 316345.50 | 306884.70 293284.80
30C 292693.50 | 279093.60 | 268450.20 255441.60
25C 243615.60 | 231198.30 | 221146.20 208728.90
20C 233563.50 | 222328.80 | 211685.40 200450.70
15C 198085.50 | 188624.70 | 179163.90 169703.10
10C 166746.60 | 157877.10 | 149007.60 138955.50
5C 144277.20 | 135407.70 | 127720.80 122399.10
0C 107616.60 | 100521.00 | 93425.40 86921.10
FHAR I AFTDEER
% 4-17 £ & 4k % % EROI
Hix:MJ COP=1.47 COP=5.62

Life-cycle Energy Input

Macufacturing 792.1 792.1

Operating 59130 59130

Total 59922.1 59922.1

Life-cycle Energy Output

Heat 86921.1 332310.6

Total 86921.1 332310.6

EROI 1.45 5.55
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2417 A #RFK 52 EROI &> A3 G E @R AH K et d
WEARZ AR 5 7921MY R REER Y LT 4 2 Ak (1kwh=2860 kcal
=3.6MJ) > EEERR Y T4 20 Rk~ 59130 MY > B F AR e K B RER
,aiiéﬁwﬁ%ﬂ»gswn1MhﬁwP’aém%@’ﬁ@ﬁ«3ﬁ45&
REAE - MRS A 86921.10 T 3323106 2 F o & EROI 258 » 3+ 5 I 4
RACK k%2 EROl 40T 4 9757 05t R £ b B 2 # & #4-k & %(COP=5.62)

#ri8 2 EROI & 5 5550 @ it ke £ b M2 # R Ak & 3L (COP=147) e
EMNE#?]AS’EZFﬁ%$£&1$ BRETRREPK RTINS
Al ke H T S HEB 25BN AT RREOR AAKS HEY i
Bkt i R T ﬁwaszmo

2

(=) kv

it v e dp (Energy Payback Time, EPT ) # k=8 it Jhkirg &7 5 >
A A Rt g2 BEEATEY 20k AT @ @ga s 2 ik
IVHEY A4 3  EBEEDFTEZACRENTROPFRF > Lhrjth ity
AR AT 2 HeF AR A% F R hE K S Mt A EHST PRI kA A

Fe AT E 2T A

I3

Life-cycle Energy Input 15

EPT = Net Energy Output ” Eout—Euse

He EPT &7 Hivhwyedp 5 Ein & 7 £ RACGK 3L &332 0 hE

Bout 2 T8 & F-RK G2 2 NHE B i mRRALINLZZANHEHF L

e
S

ARG R B ATERRHOR G S A2 R 5 59922.1 MU # R # 0k
jA ? 2 R Eou b 8692110 MJ I 3323106 M 2 F » & & A& & #4ic #6 G 4
£ 5 59130 M » 3t B B 5 7B R AR AL A Rw K g5 022 &

1216# > 5 264B P 2 28R 2B 2+ WA EHARY e ATH

#

(\x.

Ziwh o VARREELNB264 B 2 2F X 2B wir > LIRBRE 7 45 o

R4 Lajl’/\—’]?‘iﬁ.» %"i%“ J\,ﬁ ‘fL»)J"JLHb/E‘l L E W * 5 K%IFLZ i B
TR HIE R 2~ KB R T8 2 EROI fE 6 f LA5~5.55 2 fF » & B0 7% §

JWR% “f’“z-&m. x/*? /‘% ’I%\'ﬁ‘.m_)il » J\m_&imﬁvrﬁ —~E"f‘tmr DL él“ﬁélb J\
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,J »"-»mlib /},%l;f)»ﬁ {;ﬁﬁ)ﬂ & ﬁ&‘fﬁ’ » 5 ¢t 'F%/i ;C_u. lp BN %“ ﬁ%“ J\ S5 JUNL—. i '1/(?}9 ’] TZ}

264 3" 1

2_&%2]&5’

2T o 7

pod E SR A AT AR AR KB R R

E Rk R KRR RECK E R kT - 2Ok B R

- B EHOR AR CO %

JE_CO 3 & T b Rt AR Ak

}T}K’: ﬁ"k&}\"i‘é’—

> RALILE g g H

‘;1—,‘:31:"”'

A WwLED =

Hok b SHBR S

Wiggrez CO 2 ™ E i 4 A agriiL 2 240

2 B COp T ot g 4 54 e dh

Perakh 2 99 ER T4 #Hifﬁaﬁzz’ TR

Pz g o PR ;;Q«é; _;_/k,
LT tadk YR AT

% 4-18 5 &
SERT 2 # ehfple 2 5
HAL T 2 AP 1R o 4353
8299 Kg > m #1 & 1 o1&

4 o iF ) CO2 & 5 5 10,135.09 kg -

CO2 £tz 4 0.8%

# 4-18

R e A

cERS e RIFER
AR A2 2

QECE AR

BoeL =7
8 ..:f,% 2 B

SERT #ra# 2 & H = #424 2 WidiEe
TA Rz CO g E SR oFRT? o
TR R BAr R # * thx A § CO,
99 & R PHHELVHER LA R Y 22§

AR RALE B R COpE % o d »
AR COp e f ek o ot g o
@ RS e b
w15 & s g 4 g

"' }grb—ﬁxﬁi#'z’gia f;

% 16,425 KWh > %45 99 & B
4 g el 5 0.612 kg CO2/R 17 4138 14 B 44 10,052.1 Kg e § (A »

e AR CO2E%E | 2 ¢

7RI CO2 2 5 99.2% o

BEAiA&Pr Rz aihz CO2#3%g

o~ RA (Kglkwh)

¥~ CO242c 8 (kg)

R A CO2 gt (Kg

4 4 6 1.77 10.62
L 10 1.77 17.7
4 2 3.01 6.02
4 15 8.24 12.36
74 12 0.612 7.34
¥ ok g 150 0.193 28.95
a3t 82.99 Kg

FA kR 5

AR L R A

2 09 EEEE STHEAEET B 0.612 ke CO/E » &E8E S0\ H]
99 FREERIRFEHI AL R 2.00ke COM » KRR
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Foob o b A R OEGR R SR R AR R B s I BTECR R S E CO2 £k
5% THOR RS T AR R E R E* SimaPro F# R (Ecoinvent
database) 2. T4l » T3 B A ZH > RALZ iRt 2 CO 3% g - §3t 5 {8k
v @ &SRR AR EiEAEL CO 3 X 5 341426 Kg > @ HiE
W15 EsTR T TR NS A242 BT 0 BB R R CO R S
2597450 Kg » ¢t 2 8 F 4 &y @ g 99.9% 0 # * Tk k siarid Sen
S s B0 R EEEER TR Y LA A e

Rt

Fobo RATECR RS G 0 R - LR ARk ksairig & CO i g
9% 38439Kg > BRI A birH) CO 2% n38% » @ BHFFE X R F thig #
%% 3,301Kg » 99 # B % AR F ciad L 2.00kg COJ/M® » 3t B 3 #1440k
G xiz BB I COE £ 9,662.59 2 7 EERE 4 &k ¥ CO 4% 2 £ 10,046.98
Kge 7 Ik kstz 4 &ixd) CO24 2 4o i 4-19 777 o

3419 7ROk ft2 4 i CO2 %R

BRFCR RS TEK S| TR R
R rrER COy g 82.99 3.41 384.39
FRIFEH CO g 10,052.1 25,974.50 9,662.59
B CO g 10,135.09 25,977.91 10,046.98

TR LR AT AR

d b adr e @A LATRCR kA Gird CO - &7 ok kAL AL
ZMBGILE S B A CO % E 5 1004698 227 » £ F 4 LB R HK
G Z P #GK ks A w) % 10,135.09 2T 1% 25977.91 & T o i A AR %
BRABORTFIERY T A G F (TR B o i Uk kiAo

TREARFER SRR R T4 PRRBK FRETRK KR #CO,
#oxg :r’rfwu IERE o LA R AFEHERTR Y DTS RO R RS
Rk EF NRE S Bl R AR K RE L CO R TR E S 0 - oAUk
XFier 15 = 1—9 i AR AR CO TR A ER T B R AR k25
BoHRREPFAE TV URRER FA L AT AT EI R §
VR R L R L e hs @ 15 # G 5 222 88.11 2 7 hCO, 0 14 99

Y RIRGEIELTE 0714 ke/m3 > #FLETEVK 240 B P S POMRER R ALY 462325 m’ »
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ER AT A i) 5 0612kgCO/ R F A KRR A B R Ay bR B

FRT2 COEaihfics § 7" » &% BRAR LI CO % E

gea:sg; 0

I &

PEEE

B BEHIER 2

RRERLIT

d 3 ERER FARAFTEFR RS T RE T o HERE
4 AT ET A i R0 A
oz 2R SEr R Kk TR

B R T I/Y'Jﬁ'i » 1A éﬁ‘ﬁﬂb/}ﬁ { oo

‘ﬁ‘iﬁ“

’]‘q% SRR R R
T EF TG4 £ 4-20 970 0 F F
CRREE A 14,1 5 S

2R TOoRRAK L AR

E )

R R RS

FEATR R A AT

rﬁ?xk’ FoigrofrafAlis ~%

s w e [0 R 99 E g R Ep

RS TAATARART

2 e

[y SR ﬁé?‘ﬁk

a7 Rad FEXT

e

- ey

7o
xfﬁr‘?f‘a gé‘g’ r2 3R A j\ﬂ 4R R R '/"Jﬁ'% ’

€ BRBK ) B G DT R -
4420 SHEIEEDE L
el [ g T [o Tad [enTagalmasr]
FR|FL (BT | FRL(FT | FR | T | FL | axwT

2006 [53.49 [ 7.69 [16.97[16.93] 012 [ 340 | 0 [ 016 | 123 [ 100
2007 | 53.62 | 6.18 [18.42]16.67] 018 [ 343 0 | 025 | 124 | 100
2008 | 52.02 | 5.61 [2029]17.13[ 025 [ 326 | 0 | 020 | 1.23 | 100
2009 [53.25 | 331 [2035[18.10] 034 [ 307 | 0 [ 022 | 127 | 100
2010 [49.91 | 3.83 [ 24.61]16.85] 042 | 204 [ 0.01 | 022 | 123 | 100
TR TR R W 9
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Lﬁ?f'{i R

4 %
’ 00/§ - 25%
R i HF R
1% LERET
wi i/ 0%
4% iBxT
0%
KA ER
3%

B 4-17 5% 2010 & 3 T kiR 6B
EHBIEEART O RBARER FRFEFRTRF DR FT KR R
2 A RE R GG D 40%(det 3 ) 2 99% (deyRa ) £ 73 B Eco-indicaror
05 27 EPS 2000 e 3= 2 Hogt 2 o5 {8 5 & o

- ~ 78 3= % #;% Eco-indicator 95

Bl 4-18 ~ B 4-19 ~ %] 5 @ siEAr @ * £ 4 i R 7 2 Eco-indicator 95 ik
tEEZ RV REE o BEgNALEEFRELY > MRALT R
%‘?ﬁif*’éﬁifi")”‘iﬁ{i‘&_:ﬂiﬁff&i‘%@i’9\'5'-&* REBR D TR R @
FRAFLTTHFORFHE NIRRT LAR AL A NAFT oD AR EET
oo @ A R RERPRRER IR R RANE SRR

e

)
[
2

MRy R 4-20 3F R AL R 4-21 H - (9B kAT 0 BEAR T B R * IR
a4 3% BRHE-L LA Eco-indicator 95 - - it p ¢ BRE U E £ B
PR AREELE G A WU EARY EHRF O R RY T
PR RS R E BN 24210 THIR EHEFT KR 9% L 2
4R HERGEE - FgAdd R ATABPLT % T 145Pt %0 B E &
Br AR TR S BRBK R RRY S TS pfm PR R
WEF IR P ARG POATAc S o hd T A ARRECR AR B T4 kg ok

OB IR B cnfbe i o
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Ya
=

Greenhouse Ozone layer Addification  Eutrophication  Heavy metals Carcinogens Pesticides Summer smog  Vinter smog Energy Solid waste
resources
W HPWS O HP(RE40%) O] HP(RESS %)

T kR AR RO

B 4-18 & * % ot b 2 it B3 7 kikz Eco-indicator 95 # ficit v it %

T N — N N N e | -
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3 4-21 # * % et GIR 2 5 RE T KRz Eco-indicator 95 H — (B ghb S %

Impact category 0% 40% 99%
B % > (Greenhouse effect) 1.72 0.163 0.0619
5% Kk 3 (Ozone layer) 0.0411 0.0216 0.00204
4 v (Acidification ) 3.61 0.479 0.215
% it (Eutrophication ) 3.7 0.288 0.295
¥ £ %75 4 (Heavy metals) 62.9 18.5 13.6
® &+ (Carcinogens ) 0.661 0.475 0.241
% ¢ % (Winter smog ) 1.69 0.292 0.125
§ 2% 7% (Summer smog ) 0.108 0.0315 0.0121
it R 4~ (Energy resources ) 0 0 0
48R +~ (Solid waste ) 0 0 0
B A (Pesticides) 0 0 0
@32+ (Total) 74.4 20.3 14.6

FALKR  AE Y AT

%422 % A Rt R A R RE T RRAEERE 2

# % (Eco-indicator 95)

Impact category 40% 99%
% % > )i (Greenhouse effect ) -90.52% -96.40%
5% K #3% (Ozone layer) -47.45% -95.04%
Az v (Acidification) -86.73% -94.04%
&% i- (Eutrophication ) -92.22% -92.03%
€ £ 475 4 (Heavy metals ) -70.59% -78.38%
3% J&%% (Carcinogens) -28.14% -63.54%
% £g % (Winter smog ) -82.72% -92.60%
g Z'C 7 (Summersmog) -70.83% -88.80%
it iy 4= (Energy resources ) 0.00% 0.00%
48 B R +~ (Solid waste ) 0.00% 0.00%
BB A (Pesticides) 0.00% 0.00%
%3+ (Total) -72.79% -80.45%

FH KR AEER
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% 4-23 @ * 2 bR 2 s hE R kiR EPS 2000 E -

3 R TR ST §
Impact category 0% 40% 99%
AR ER
( Human Health ) 1480 350 123
S IOHICTER
( Ecosystem Production Capacity ) 131 1.25 0444
£ AT RS 3960 3120 2760
( Abiotic Stock Resource )
EELE - Ted
( Biodiversity) 13.7 1.78 0.691
3+ (Total) 5440 3480 2880

oA ER

424 @ % 2 ot GIR A R R RiREERE 22 (EPS 2000)
Impact category 40% 99%

N\ -76.35% -91.69%

( Human Health )

ER Y.
( Ecosystem Production Capacity ) /" 9f p1%
A2 apREE -21.21% -30.30%

( Abiotic Stock Resource )
ERCR - Tl

(Biodiv:rsi]';y) -87.01% -94.96%
@3+ (Total) -36.03% -47.06%

FAKR D AT EE

# 4-24 5 ¢+ EPS 2000 =% o5 73 3 vt G R 2
FoERRBR AL EIRERRY FI TR e FFF AR 'ﬁ K
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Bl 4-28 £ [§]4-29 5 # & & $L2 i R & 2 Eco-indicator 95 3% 4o g fr ¥

HELE % 0 FERACR RN RoeF ! 5%~ 10% ~ 15% ~ 20% 0 @ H - 78
L Begd R AP T44PL, & %% LT 70.9Pt~67.2Pt~635Pt~59.9Pt; 1 &
EFLe 4 LRt en s oE 2B AL HBENDE -
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TR KR 2P T ER
B 4-29 # Rk sz 5 ke F %< Eco-indicator 95 H - {F gkt fin B %

BRGBZaRF RAHRR R EE > 74
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# 4-25 # R k2 i koS $ 2 Eco-indicator 95 3T 4o fE 27 B - 1F BES %

Impact category Unit [#& = 0%]|# = 5%]|+ = 10%|4& = 15%]|+#& = 20%
£ 200l Pt 1.72 1.64 1.55 1.47 1.38
( Greenhouse effect ) ' ' ' ' '
% & Bk (Ozone
¥ A AU Pt | 0.0411 | 0.039 | 0.037 0.0349 | 0.0329
layer )
4 v (Acidification ) Pt 3.61 3.43 3.25 3.07 2.89
&% i+ (Eutrophication)| Pt 3.7 3.52 3.34 3.15 2.97
A SR
Pt 62.9 59.9 56.8 53.7 50.6
( Heavy metals )
® &+ (Carcinogens ) Pt 0.661 0.632 0.602 0.573 0.544
* % 5% (Wintersmog )| Pt 1.69 1.6 1.52 1.44 1.35
7% (Summer
LEEE ( Pt 0.108 | 0.103 | 0.0978 | 0.0924 | 0.0871
smog )
i R A
R Pt 0 0 0 0 0
( Energy resources )
=44 B 3 ¥ ( Solid waste )| Pt 0 0 0 0 0
B A (Pesticides) Pt 0 0 0 0 0
@2+ (Total) Pt 74.4 70.9 67.2 63.5 59.9

TRk AR R
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F 4-26 F R kB2 GRS RS HIE B 2 B2 (Eco-indicator 95)

Impact category # 5% [#% 2 10%| #% = 15% |#& = 20%
2 % > & (Greenhouse effect ) -4.65% | -9.88% | -14.53% | -19.77%
5% % B3 (Ozone layer) -5.11% | -9.98% | -15.09% | -19.95%
f& i+ (Acidification ) -4.99% [ -9.97% | -14.96% | -19.94%
&% i (Eutrophication ) -4.86% | -9.73% | -14.86% | -19.73%
¥ 2 %75 24 (Heavy metals) A77% | -9.70% | -14.63% | -19.55%
%+ (Carcinogens) -4.75% | -9.34% | -13.92% | -17.70%
% £°% % (Winter smog ) -5.33% | -10.06% | -14.79% | -20.12%
§ 227 (Summer smog ) -4.63% | -9.44% | -14.44% | -19.35%
it R 4~ (Energy resources ) 0.00% | 0.00% 0.00% 0.00%
F 48 A 3 ¥ (Solid waste ) 0.00% 0.00% 0.00% 0.00%
A& (Pesticides) 0.00% 0.00% 0.00% 0.00%
3t (Total) -4.79% | -9.72% | -14.64% | -19.58%

(TR &R AEgER)

. #1752 B8 EPS 2000

1y

% EPS 2000 #2215 Bo58 P o it sk 4 2 > 3 EPS 2000 #e8 i 05 38 p B
FOB T d R 2 H- FREE A FRAECR R RS R
5% - 10% ~ 15% ~ 20% » ¥ — @ 8Lea #c g d R zuh544opt, A w3 5230
Pt ~ 4963 Pt ~ 4720 Pt ~ 4490 Pt » # & & Stz i R & 2 $ IR 8 el 2 L8> 7
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[
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4% HBRBE L FERCOEER AT RFAER 1 FRELER
FoR ARNBTTF > AR R HOTARERE A K kA A4 U 45 SR
HHERRIBRGANFRF B RF ST RIS EHEMRT AR FITS
A4 AHARAIoAp 4 A ek

FOFRD oMEEI L g o AR A AL AT PRI BESHEY T
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B 4-31 # & & sz s e dx 2 EPS 2000 4 ¢ 3= 15 v s

Biodiversity

Human health Ecosystem production Abiotic stock resource
capacity
W HP(0%) [ HP(5%) [ HP(10%) M HP{15%) ] HP({20%)

THLKR AT EIL
B 4-32 £ R i iz q Rec S 32 EPS 2000 $= 1 4o 0t S &

HP(20%)

HP(15%)

HP(10%)

HP(5%)

[ Ecosystem production capacity ] Abiotic stock resource I Eiodiversity

HP(0%)
N Human health

TR &R 277 R
B 4-33 # & & sz a Rrcd 2 EPS2000 5 — 7 gL B %
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F04-27 BR 2 iR S EPS2000 3R 42 B - R %
Impact category # 2 0% | #& = 5% |4 = 10%|# = 15%|#% = 20%
AR
( Human Health ) 1480 1410 1330 1260 1190
EA PO T B
( Ecosystem Production -13.1 -12.4 -11.8 -11.1 -10.5
Capacity )
# L& TR E 3960 3790 3630 3463 3300
( Abiotic Stock Resource )
255 R
- . 13.7 13 12.3 11.6 11
( Biodiversity )
2+ (Total) 5440 5230 4963 4720 4490
TR AR
F 4-28 R R A2 RS R A HRE R (EPS 2000)
Impact category # = 5% | & 10% | #& = 15% | #& = 20%
LR B
( Human Health ) -4.73%|( -10.14%| -14.86%| -19.59%
4Rk k4 A4
Ry . -5.34% -9.92%| -15.27%| -19.85%
( Ecosystem Production Capacity ) : ’ 7 °
mLEFREE 4.29% 8.33% 12.55% 16.67%
( Abiotic Stock Resource ) eI b 970 207
EE A JEa
( Biodiversity) -5.11%| -10.22%| -15.33%| -19.71%
3t (Total) -3.86% -8.77%| -13.24%| -17.46%
T kR AL ER

K5 s

SRR RS FTHES AR 2L A
FHRATOBRIER LAERR L FERE
AR A S
Kk SLE -
4 hT745Pt =
tr v 5)iE 80.45% 0 @

*
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