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Abstract

In the study, the standards of the ISO 14040/14044 and Product Environmental
Footprint Guide published by EC were applied to investigate the required principles and
methods for assessing the environmental footprint (EF) of electricity generated by
natural gas-fired power plant. The EF of electricity was obtained based on the relevant
standards. Then the scenario analysis was conducted to seek the potentials of
environmental performance improvement. A real gas-fired power plant located in
Guanyin District, Taoyuan City was examined as a case study and the electricity
generated by the natural gas-fired power plant was used as the target product to assess
the EF of electricity. The system boundary was “cradle to gate,” denoting that EF
quantification must include the life cycle of the products from raw material acquisition
to production. The unit of analysis (i.e., functional unit) is “a degree of electricity.” The
results of the study indicate that the impact categories that their normalised EF of
electricity were ranked the top three were climate change (CC), photochemical ozone
formation (POF), and acidification (Ac). Overall, for the three impact categories (i.e.,
CC, POF, and Ac), the ratios of the EF of electricity in the category of energy (all above
of 99.96%) were bigger than those in the categories of resource and waste, and natural
gas had the most impact in all categories (accounting for above of 99.96% of the

category of energy).

Keywords: Life Cycle Assessment, Product Environmental Footprint, Natural Gas-Fired

Power Plant, Electricity
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e 3 T A EE (FRiFR% 0 2010 5 EC, 2012) -
(1) fRm@E® (2 Fahhd ptlidprorg 2 BE o > olded d)
(2) i Az

@) “FF &

(4) £BIFA 22U kg F B

(5) # i

(6) #ixZ (L PRIE

(1) 7226 RFda

8) A&+

34.2 B
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p (Bfid slicdy) Bp 6 7ASERR P2 288G ~ Y EA AL flaew
Bt - mBIEE KA E P 0T 5 kR o
Ae W ARELY - BHARRRY H2 0 ok S
B R G 10% 0 B BlicdpinR R it R - B A &S
F TR L0% 0 b bt PR 0 Bt~ E S gl e
-l S EBY AN AT AL R F AR T RE AL
RERE
BB - sl TR Y C sy (BT sdidy) -
(1) @ * e RBEEF L T - slicdy D CEBETVIERG TR ASS
G e Bl 0 RBA R T P likdp e S H B Z iy o
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YRS TR ARG RS s (YL AP EEA) 2 T

Y RN AT R R

5.1 RABBREPFL 2D NP FETA

5.1.1 P ehfrif
@7 g4 | (electricity) BB X 2 P e 32T 4 44 7 ¥4
W] (impact category) 2 3 & ¥ A2 & o Ik i &P A (communication) & o
73 TR R 1 (quantification) % 7 IF 5 TR KN IR snaf HidR 2

IREMIF L 2% oL b T 4 RPN F EFF 2 B K i W 2R (product

environmental footprint category rule; PEFCR) + xhﬁ e

512 e F2 P H L

A ER AR (T 0 P ARG E TR ALT S R
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SAFHY EAFTRAANSH ARG p o R FFEE TS A B
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EFTREARY TARF LR I RS TR M RF SR Rk
G AR A o AR AF ] L RBE TR LG

et S EAE AP EELERR 0 PR RET UL S S SR
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(1) A %k
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8) B
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5.1.4 A4 v (i B )

TAFHEL R TR AFTLAEES - BT - AR AL
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10 Lot ]
WATTHOUR METER
-

[ TYPE KEC-91E |1-PHASE 3-WIRE|

110/220V | 20(80)A | 60Hz
CLASS 2.0 2013
[No.Z 152527 | 240RevikWh

KEC ELECTRIC
B51 74z2s4Eix

515 & 3 B
TABRB TR i@ Rkt Z N THER <M (cradle to gate) »

BEIXFEICR? AR &2 AR TERE R R -

516 A &4 & M
TA2ZAEL Y IR ACRD.297T -
RALB B FFEL & 3T F]E AR

(1) =4 WEHF LB ST M EE -

(2) sy 2iEH -
Wb & 327 7|42

1) =4 Wiz

(2) iR Zn FRER -

(3) b iiAre 2 AR 4 EE AL -
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5.1.7 35 & F-% B L F 7 5

FEHL Tl ee T A &SRS L (PEF) 4551 (EC,2012) » H “7E2k 2 Tk

———

T | R&AESs

B X_pr 7% #g %) (impact category) % § 1538 (14@ % s T - A - &

B) s 4o & 519757 0 & ¢ 21 i F]F  (normalisation factor) £ 2010# BB A&

e 5E W] g 4 2 K % (Benini et al., 2014) -
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%51%&@Wﬁﬂﬁ¢$%ﬁi%“fi
# 1z %% (Climate Change) kg CO: eq. cC 4.60E+12
f& iv (Acidification) mole H* eq. Ac 2.36E+10
¥k -k 4 ik # 1+ (Ecotoxicity for aquatic fresh
CTUe EcAFW 4.36E+12
water)
) [ LR EI
BRI - kA o kg P eq. EuFwW 7.41E+8
o (Eutrophication - fresh water)
(Eutrophication -
A - Ak
- aquatic) o . kg N eq. EuM 8.44E+9
(Eutrophication - marine)
k& it - Hs (Eutrophication - terrestrial) mole N eq. EuT 8.76E+10
L EEE M - B2 (Human Toxicity -
CTUh HTCE 1.84E+4
cancer effects)
LEEE M - 22%m 2l (Human Toxicity -
CTUh HTNCE 2.66E+5
non-cancer effects)
Praidg s - A Sk & s (lonising
o kBqg U?*® eq. IRHHE 5.64E+11
Radiations - human health effects)
4. % 425 (Ozone Depletion) kg CFC-11 eq. 0]D) 1.08E+7
g Bl e 2hg 484 7 (Particulate
) kg PM2s eq. PMRI 1.90E+9
Matter/Respiratory Inorganics)
kv & 4. % 252 (Photochemical Ozone
kg NMVOC eq. POF 1.58E+10
Formation)
FiR4c® - -k (Resource Depletion - water) mS water eq. RDW 4.06E+10
FiRhie - gy liv v (Resource
kg Sb eq. RDMF 5.03E+7
Depletion - mineral, fossil)
2+ # % (Land Transformation) kg C (deficit) LT 3.74E+13

Er ¥t PR R 2 P T £

LCIA in the European context (EC, 2011) -

g A SR8
Bt K e g s ¢ Phag
{4 3

i
WP AN 2
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gul ¥ (EC, 2012) -
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2. 1ATE R B KB Sp N 0 M R A e R R 2 R R AL R
P o AT LTS SR, TR R R ST (quality) ¥

AO(THRE R REER ) T H Y TAREY LD E R A

52 FhRR* AR XBRLARET L& (T2
g LA

- ASEAFFRORE RBREFFRREELI A E - £ Y- AR
UEFIEL R ESHAS) REFE T RLGEIZAS A THE
(B %% > 2010) o A5 “T4E3 LR Bh L B F 52015
£171p 322015#12% 31p 4+ o
b A RBR A E RS 277 EAERY O VRS EASS A
25 B F Tk (material contribution) 2 B o T kdp h LA iz -
KT RRACE L% 4 B TR B G IS TR T R o 2 1% R T
RPIFEEE R KRz 2 XD HRBEEEZ * L RE L FF LR aAIE S SN

eFER (RiEE 0 2010) -
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- AR R TR T RS R ERE S R
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ZARES (FHERE) T AP 3 5 RAREREIREEYUE R

s
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e R B PR S B AL R g
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() 2T WML SEDRREF (30 FRERE R TR AT EE
: 35 (B9 o

5212 g3}
RET G P 0 kA PRV )Y SRR L o2 T TR
B SR Gl B A N T

Lr g2 P AR R = By X L HEFER T E R Y 2R i

BERERLE G > AT ERBASES (e ERHH) TRAEF- 4
A £ R AMA o e FE A WAk B 1 F e i
B 5 R B A Bl K B 4945 1SO 14064-1 453 2 B P A ST B K43l B 0 AL
BRETREFT I EE A B EE 8, (ISO, 2006; EC, 2012) - # i 42 7
TR SR~ B (T R TR 1% )0 1o Wid B B2 e
Fi&* Google Map & {7 iz & o

EEREpEFARPFTRTE P E CEE AR EETIEL ARA
HoEsIr e SEERP Y L R AP 2 E R (TR TR AR P E)

CARBEPERZES L REREFTREAAR o

5213 B L& %%

RopLBe (9 2 S PP BT R B 2 BcdhAr 2 5.2~4 5757 > B¢ > 4525 4 M

*“-")&

et k2 By 0 2535 7 M ?}i}ﬁﬁﬁ%b’%ﬁ%iﬁw‘; v 2545 7 B RO B 2
By 0 2555 7 B RiE s‘i%lwm% By 0 #5657 B AR b iE ﬁ%lwmﬁn #
Vo A575F MAAYF ST A 2 ficdy o 0 205D F > BEFRRDE

BAEFTE 524870,211,640% (H248.7RE) -
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%52 F MERE B2 B

&8 By (ton) (2

5 ach (ko) (5 4

FReH ER) 15 H ) SR )
I 392,671 1.578881E-2 -k (100%)
IF 4 (45%) -k
7%k (sodium hydrate) 52.758 2.121333E-6
(55%)
® A5 et (flocculant) 0.036 1.447515E-9 7 % fisi% (100%)
# ¢ (hydrochloric acid) 74.902 3.011715E-6 a: (50%) ~ -k (50%)
wise (hydrazine) 2.025 8.142271E-8 mis (50%) ~ -k (50%)
% -k (ammonia solution) 1.62 6.513817E-8 % (25%) ~ -k (75%)
#ife @ (phosphate) 1.95 7.840705E-8 B 4 (100%)
215.83248 (=
% (lubricant) 250.968 24 ~ %A 8.678353E-6 B (100%)
% 860 kg/ =~ 1)
2.65385 (= 29.52 +
& # (hydrogen) 2% ~ %A 5 0.0899 1.067080E-7 Z # (100%)
kg/ 2 4)
2 & it & (SFg) (sulfur
0.13674 5.498144E-9 SFs (100%)

hexafluoride)

Sk E B e deg ek o
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# 5.3

=

3 OM T ORE R B2 Bl

$ £ (on) (5

Ke =y < N - o 24 3.2 \ E
§ ah R e | e G| Fr
| A ¥
s ZS 27 | BEERR 20.1 2.121333E-9
g (9)
. EA+E | oy E
B A B U Hl 22 | BX8 TR 50 1.447515E-12
TpE (ER)
. . . A+ E ) FE
Ak KS 27 | B8 TR 121 3.011715E-9
TR ()
ARKO | BEFR R
UishES 136 8.142271E-11 .
R JoprE ()
) EEYNET
z K CCa? | BEF TR 151 6.513817E-11
TRE ()
STHERER | B35 P rEREE
L 64 7.840705E-11 .
T AL R (SR)
| Y NEE
B KH =& | B%8 %k 129 8.678353E-9
TpE (%)
- TN
aF CCa? | BEFTR 151 1.067080E-10
o ()
YNET
= & 1L &% (SFe) FM =@ | B%28 % Rk 62.7 5.498144E-12
P p2 (R)

# 5.4 3 MaRATw B2 By
A - A mE Y (2ER) EE Ay (54 1TE )

14.9352 ton ( 17.78 2> 4.~ % A 3 840 kg/

¥ 6.005256E-7 kg
S3K)

3,374,172. ton (°r 4,663,100 + 24 ~ % &

TRF 1.356712E-1 kg
% 0.72359 kg/ = 1)
4 AT A 497,936 B 2.002138E-5 &
ROk ESR R v T 4 194,249 B 7.810509E-6 &
rll24 =122 2% =1000 22 -
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# 5.5 F M i BB H AT 2 Hohk

;\‘. £ (ton) (+ & ‘
W F R LA E T (g s ) #E4 (km) i) fru
i
CPC ¢ ' id iy | B % o an s
8 38.6 6.005256E-10 Rk
ER A

CPC 7P Bl | B &% o e
X ARF 126 1.356712E-4 B

& ]

= R

% 5.6 F M AR EE T 2 d

L |EEEE (ess | gEd | $E (ton) (2 & |PE(ton) (F .
B LA , i
BL) (km) R) A1 H )
Rk B - 3,210,177,000 - -
B oko* B RRpr - 67,445 - -
%% TR /DC A48 /¥ E
Jos iR R 310 17.62 7.084781E-10 )
P SRR ()
B an H %3 T /KL eA+ 8 [ ¥ ¥
87 117.19 4.712063E-9 )
f-FRESF | ERATRY TR D il
RO TRBE Y e
# 5.7 F B AR P LT B 2 By
BAY LA #Py (ko) (178 i) F gL i

B pEk* - AR E S
Bk - BRK AL IR B R
B iR AL 7.084781E-7 o
BAARE U S FRES 4.712063E-6 A

EE S F A R

FOBCREIZATE A TR (ot A S Rde B AT RAEME) ¢ B~ & 52824 542 Bt o

522 Fikit v gtk

SRERES RS ATRRE T AP AEEY O 5 SR T F B

B EPAP) ARREF AL ERBT SR EPTRE (REE
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2017) » R A P-p 4 PG M/ FAE GaBi 7.3 ¢ 2 Impacts ILCD/PEF

recommendation ; H # 13 5 @FFF W] B~ p A 4B =G /T AR GaBi 7.3
® 2_ Impacts ILCD/PEF recommendation (thinkstep, 2017) °
R E AR S LR AP EF g 0 2 LT e 2 T

flich R (

iR

g paciige, 204 58 ZF R Hpax %% > 2017

e

thinkstep, 2017) -

# 58 Fihit * R iheq 4

i’ - R % (A Ak A BE | BAN -G | BEL - 5
[¥ ]| (CC) [kg CO, fmole H- ] 1 (ECAFW) | -k (EuFW) |-k (EuM) [kg

oy eq.] [CTUe] [kg P eq.] N eq.]
p %ok (/kg) 1.67E-4 1.163615E-6 | 9.538077E-5 | 2.664521E-8 | 1.307135E-7
kg (ko) 1.54 1.647359E-3 | 2.959683E-2 | 2.533043E-6 | 5.856278E-5
B A+ B A (/kg) 2.32 4.623745E-3 | 2.763232E-1 | 2.007371E-6 | 1.023377E-4
@wEg (/kg) 1.69 1.152827E-3 | 2.951646E-2 | 1.689273E-6 | 3.799098E-5
g (/kg) 1.84 1.334192E-4 | 4.418209E-3 | 4.629961E-8 | 1.587357E-6
% 'k (/ko) 2.763 1.401679E-3 | 2.392543E-2 | 2.416340E-6 | 1.321060E-3
i ® (ko) 4.65 8.504468E-3 | 1.515271E-1 | 4.278953E-5 | 9.866324E-5
B (k) 1.053 6.605007E-3 | 4.623941E-1 | 2.649735E-6 | 5.710407E-5
i £ (ko) 6.97 1.378207E-2 1.225820 4.814305E-6 | 1.329763E-4
= & v &x (lkg) 1.23E+2 1.410000E-1 78.900000 8.340000E-3 | 1.770000E-3
4 (/kg) 4.107 4.237269E-3 | 8.477398E-1 | 2.387965E-5 | 7.150794E-4
X 2R (ko) 3.233 1.617980E-3 | 2.374484E-2 | 1.458238E-7 | 4.847293E-6
T4 ( or /(3.6MJ)) 6.5E-1 2.680834E-3 | 1.680292E-2 | 5.933358E-7 | 2.075022E-5
€3+ @ (/ton-km) 2.35E-1 5.544173E-4 | 1.443394E-2 | 4.065834E-7 | 2.659449E-4
=3+ & (/ton-km) 6.47E-1 1.217998E-3 | 3.497181E-2 | 9.851061E-7 | 5.767927E-4
? XE%?J& (%) 6.11E-2 1.680000E-4 | 3.030000E-2 | 2.750000E-7 | 6.430000E-8

(/ton-km)
FiEwE (2 4F)

(ton-km) 6.11E-2 1.680000E-4 | 3.030000E-2 | 2.750000E-7 | 6.430000E-8
w32 (/kg) 7.07E-3 3.268755E-4 | 1.241872E-2 | 1.147820E-4 | 1.727831E-4
i (Ikg) 7.37E-1 1.298792E-3 | 6.978330E-4 | 9.067677E-8 | 1.003353E-5
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%58 TR 2R ikq KL

5 557 %) AREA M - | A MR - | PR S -
T ” } LF e
[E =] T e P s PR | A R T
# (EuT) (OD) [kg
(HTCE) (HTNCE) |(IRHHE) [kBq
[mole N eq.] CFC-11eq.]
A [CTUR] [CTUN] U?® eq.]
pokok (ko) 3.016503E-6 | 3.169085E-12 | 3.982803E-11 | 1.279389E-5 | 2.754646E-14
sk (/kg) 5.408221E-3 | 7.277363E-10 | 2.156512E-8 | 5.267777E-2 | 4.937902E-11
% A+ 2h e (/kg) | 1.510970E-2 | 1.253565E-8 | 5.535269E-8 | 4.862782E-2 | 4.324526E-11
@wEz (/kg) 3.647192E-3 | 9.770214E-10 | 1.567921E-8 | 3.351484E-2 | 3.237283E-11
B s (/kg) 4.371003E-4 | 1.855112E-10 | 1.242152E-9 | 2.058904E-3 | 1.832630E-12
% -k (/kg) 3.925269E-3 | 5.184089E-10 | 5.953928E-9 | 3.666784 E-2 | 1.404981E-10
B (/kg) 1.117458E-2 | 6.721830E-9 | 6.049793E-8 | 2.753359E-2 | 3.148293E-11
B (k) 8.190333E-3 | 2.252227E-8 | 8.851742E-8 | 1.973234E-2 | 6.890477E-11
& 5 (/kg) 2.960742E-2 | 5.836012E-8 | 2.127021E-7 | 4.768592E-2 | 1.539833E-10
= & i & (Ikg) 8.21E-2 7.940000E-7 | 3.20000E-6 6.330000 5.10000E-7
4 (/kg) 1.075948E-2 | 2.346278E-8 | 3.579609E-7 | 5.068978E-3 | 1.438458E-11
xR (ko) 2.529783E-3 | 5.297132E-10 | 3.935121E-9 | 1.617659E-2 | 5.795211E-11
% * (/& or/(3.6MJ))| 3.449849E-3 | 4.065494E-10 | 1.145064E-8 | 9.779891E-2 | 3.512759E-10
3]+ 2 (/ton-km) | 2.966504E-3 | 3.995725E-10 | 6.094793E-9 | 8.630624E-5 | 2.449170E-13
=3+ & (/ton-km) | 6.459573E-3 | 9.680762E-10 | 1.476699E-8 | 2.091104E-4 | 5.934064E-13
B EE ()
7.89E-4 1.990000E-9 | 1.550000E-9 | 2.090000E-2 | 1.450000E-7
(/ton-km)
FaRE (A7)
7.89E-4 1.990000E-9 | 1.550000E-9 | 2.090000E-2 | 1.450000E-7
(/ton-km)
12 (/kg) 1.172027E-3 | 6.646809E-10 | 1.915966E-8 | 1.061840E-3 | 2.326581E-12
A v (kg) 6.538004E-3 | 2.334887E-10 | 2.440551E-8 | 5.583703E-4 | 2.900706E-9
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%58 TRt Sk i ()

R WA R TRAL I -
[z~ kW B LF A FTREH - )
sofrig g a7
[E i+] % (POF) [kg |-k (RDW) [m3
B (PMRI) [kg #1 (RDMF)
o NMVOC eq.] | water eq.]
PM2s eq.] [kg Sb eq.]
p k-k (/kg) 7.757203E-8 | 7.766424E-7 | 1.667095E-4 | 4.442822E-10
ke (/ka) 9.201110E-5 | 1.278864E-3 | 5.491939E-3 | 1.051556E-6
B A+ eh ) (/kg) | 1.444421E-4 | 3.501704E-3 | 5.935820E-3 | 1.546115E-6
@R (/kg) 6.233288E-5 | 9.000911E-4 | 3.573482E-3 | 6.872079E-7
mr (/kg) 4.875725E-6 | 1.176657E-4 | 2.401114E-4 | 5.751769E-8
% 'k (/o) 5.385638E-5 | 1.281302E-3 | 2.283175E-3 | 9.404238E-7
B B (/kg) 7.466304E-4 | 3.155117E-3 | 5.519725E-3 | 2.388458E-5
B (ko) 2.681859E-4 | 3.574399E-3 | 1.367719E-3 | 9.744002E-7
& F (/kg) 5.353749E-4 | 1.119997E-2 | 6.515263E-3 | 3.012849E-6
= 4 & (ko) 8.370000E-3 | 2.880000E-2 | 1.050000E-2 | 5.120000E-3
g0 (/kg) 1.503225E-4 | 2.044954E-3 | 1.250148E-3 | 9.679448E-7
X RF (/ka) 7.269819E-5 | 1.295175E-3 | 9.106300-4 | 9.302906E-7
T4 (/R or/(3.6MJ))| 1.616746E-4 | 9.832034E-4 | 5.302497E-3 | 1.419267E-6
A+ 2 (/ton-km) | 1.647066E-5 | 8.674625E-5 | 2.128547E-5 | 1.648058E-8
A+ 2 (/ton-km) | 3.364719E-5 | 1.907032E-4 | 5.157230E-5 | 3.993059E-8
B (%R)

3.820000E-6 | 2.140000E-4 | 1.320000E-6 | 1.300000E-7

(/ton-km)

B :éﬁis?]ﬁ (2 2F)

3.820000E-6 | 2.140000E-4 | 1.320000E-6 | 1.300000E-7

(/ton-km)
532 (/kg) 1.498855E-5 | 6.614838E-4 | 1.820871E-4 | 3.054523E-8
A1 (/kg) 8.968183E-6 | 1.472990E-3 | 4.127422E-4 | -1.531768E-6

5.2.3 ¥ & ¥ 5T A ¥

¥ % % (data quality rating; DQR) » 2 =8

R BEAL

§ el

A SR

AT 2

l—g TR B K (PEF) QLF] 5]J S =gl l—g{%p\r

HRE R ﬁi%rr'

o ¥y &1 %% (DQR) Ai¢ * = 3f ficdp & F 2 (data quality criteria) 2

3=

HH o 3%4e™ (EC, 2012) :
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DQR=(TeR+GR+TiR+C+P+M)/6 1)

TeR: s % 1+ (technological representativeness)
GR: # 32 % &} (geographical representativeness)
TiR: PR & & [+ (time representativeness)

= . (completeness)
P: & /* Fx 24+ (precision/uncertainty)

M: =2 § 122 - R+ (methodological appropriateness and consistency)

IS RS TEE (TeR-GR TIR-C P M) 2 F %% (k#) +
Faw LR ) 2(8)3(WF)A(F )5 ) HHAFL L
h#d;  TeRGR-TIR~C P-Mz &S5 r s 1 LER" R37H)  1(72
TOAE R) LT BT B ) LR ) 3R )3 (F Aum s
FAURAEE AR A FE) 0 T8 DQR = (1+1+1+143+3) /6 = 1.67 - 4 A &
T3 L (PEF) 4530 #1dt -2 Bicdyp & 7 % % (DQR) 7 5 R B & 7ok 28
4% 5.9 #7 (EC,2012) ¥ 77 AF 7 2 B A B & ik LT 2 B eh g

(very good quality) -

2 5.9 Bohh S0 E s R By 5 ok 2

Bedy s ¥ % (DQR) R &k
<16 g eh g B (excellent quality)
16~20 2L 4 en g B (very good quality)
20~3.0 4 g (good quality)
3.0~4.0 W ¥ g F (fair quality)
>4.0 % g F (poor quality)

53€4$&&W&§?%§%*%ﬁ

AT O BR AR IRE A 5 TR 2 K A B LB

‘“l
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f2 7 4 gt B AE s B AR R o vE- L enfir g T 2 g% o

Bt - FFRE Y BPGEBEL R RE L (TLAEDLE L L) BE L
BB R TEIT A R L WoE 51097 o £ 445102 F 4 kB L
02517 $E2 2R FF 0 T EIL AR TR L oA 5116 i
- ##-A5118 W B, 0 4oB5.3977 o £5.1082 £5.11% & F 1455 tF 5w o ¥
FRFT IR R BERAF e s R Y R A AE S EE (- RTA) 2
b AR L

#5112 F]5.37 » TR fciEAx X 2 BN N 4 HIRB FEER AR

d 25 11E @537 5 » P RICFTARBEPR LD = A 2 RGN RE S FF

I

%8 (CC)~ k& 4§24 (POF)~ g (Ac) .

B¥F o BAL5108 AB1I2 BB X EFT R~ ks BRF A B HRR L
Frdot o RS 4cB]544TF o BI5.AY 0 ALSEE R T 4 TRB AP Low 2 A 2 [
$gn] (PCC~POF~AC) I Nit ik | 2 B B & v bt o H B L~
¥ 99.96% 1 5 H S R F R H ks L b 4200.01~0.04%2 7 5 B EA
F¥ BB RF 43R Aa001% T -

e- o Tk, 2 BB > Fi%8 (CC) 2 2w ikY R+ %

B E X RF (4 CC2 it iRe99.99%) » kit B 4§ A5 (POF) 2 % 5%
Y BATRBEF S R A G (4 POFZ it iR 199.98%) fit it (AC) 2 & iR

PERATRE AP SR ?’L‘;‘:{o‘ ([’.' Acz_ xc 99, 96%) FEm ST ke S L T R

M-

AR R L = k2 R sEY (PCC~POF~AC)» Tl 2o T Bph f vt
(§°799.96%.2 F) G <3 FIRE RS o A ARy 2o TG R AR R
B (F & @RS 2 0 R e99.96% 1 1) e

BEEALPE S DRCTA RBEFE LY - 2 FFEY L TF a8

(CC)» #& ndrH =2 8 % 7 M £04397 kg COze » 3£ L 4510 »F i %

R R2015# 2 %5 7 4 B R 5 F B R04397kgCOe - M3 R iEF 2 F 2 F
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4 g e (2014%) & & 7 0.65 kg COze (3R i ¥

R e FEgRE AR S A REcRT R

2 TioiE (i 2017) ¢

N RO

BREPE L=

=h

0 2017) o B iF& N F 2 T 4

\3‘%’?

2 e &g w] (7 CC ~ POF ~ Ac) »

BME SRR

B

ek

d s H

WRY 2R RF A ABEGRE OB RIED > TR 2 BELT A ETY
BHEHEZ BAY B e o R BEFTRALRYE] L EL TR IR
PHF LA R TR FI PR RE R RF R R APM AT 2
XREABNEA R ITEAHL AR o
%510 LA BB I TERERKE
AR~
7R i i o R &3

W

(2 5m) [¥ ]

(% A4 1)

(5 45 8 )

(5 45 8 )

(F 2+ H =)

# iz %1% (CC)[kgCOzeq.] 2.258E-5 4.397E-1 3.626E-6 4.397E-1
f& it (Ac) [mole H* eq.] 8.643E-8 2.225E-4 6.701E-9 2.226E-4
¥k -k 4 i F 1 (ECAFW) [CTUe] 6.269E-6 3.740E-3 2.117E-8 3.747E-3
& - &-k (EuFW) [kg P eq.] 5.046E-10 2.452E-8 8.200E-11 2.510E-8
g% - &-k (EuM)[kg N eq.] 3.279E-9 6.597E-7 3.371E-10 6.634E-7
g% v - p (EuT) [mole N eq.] 1.500E-7 3.568E-4 3.351E-8 3.570E-4
AuEa - Rgescfs (HTCE) [CTUN] 2.617E-13 1.059E-10 1.823E-15 1.062E-10
X EFE M - 2k osck (HTNCE)
1.544E-12 5.609E-10 1.324E-13 5.626E-10
[CTUN]

Pl LG B - A St B s (IRHHE)

6.307E-7 2.555E-3 3.438E-9 2.555E-3
[kBg UZ5eq.]

4§ 238 (OD)[kg CFC-11eq] 4.068E-15 | 2.487E-9 | 1.367E-14 | 2.487E-9

R Fler ety 5 5 (PMRI) [kg
¥ f ¥ 4.123E-9 9.933E-6 6.325E-11 9.937E-6

PM2s eq]

ki # 4§ 2,4 (POF) [kgNMVOCeq]| 5.052E-8 1.794E-4 7.464E-9 1.795E-4
Fimfed - -k (RDW) [m3water eq.] 2.668E-6 1.237E-4 2.087E-9 1.264E-4

FRFLB - e/t 7 ¥ (RDMF) [Kg
5.021E-11 1.285E-7 -7.186E-12 1.285E-7

Sbeq]
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# 511 A 4 Ry P
nE 7R W R B &3
[ |
(5 A4rH ) |[(F A4 H ) [(F 4178 ) |(F A 495 =)

(¥~ 48)
# iz %3 (CC) 4.910E-18 | 9.558E-14 | 7.882E-19 | 9.559E-14
it (AC) 3.662E-18 | 9.426E-15 | 2.839E-19 | 9.430E-15
itk 4 i3 1 (ECAFW) 1.438E-18 | 8.579E-16 | 4.856E-21 | 8.593E-16
BE - ok (EUFW) 6.810E-19 | 3.308E-17 | 1.107E-19 | 3.388E-17
BA - ok (EuM) 3.885E-19 | 7.817E-17 | 3.994E-20 | 7.860E-17
B - BB (EUT) 1.712E-18 | 4.073E-15 | 3.825E-19 | 4.075E-15
LHEA M - Rl (HTCE) 1.422E-17 | 5.756E-15 | 9.906E-20 | 5.770E-15
LHEA M - 2ol (HTNCE) 5.805E-18 | 2.109E-15 | 4.978E-19 | 2.115E-15
PEALI R - A 7@t B oy (IRHHE) | 1.118E-18 | 4.530E-15 | 6.095E-21 | 4.531E-15
4§ 4:8 (OD) 3.766E-22 | 2.302E-16 | 1.266E-21 | 2.302E-16
Mg Wl i zid 84 (PMRI) | 2.170E-18 | 5.228E-15 | 3.329E-20 | 5.230E-15
kit # L5 a4 (POF) 3.198E-18 | 1.135E-14 | 4.724E-19 | 1.136E-14
FiRiH - -k (RDW) 6.571E-17 | 3.047E-15 | 5.141E-20 | 3.113E-15
FRAEE - G-/t £ 24 (RDMF) | 9.982E-19 | 2.554E-15 | -1.429E-19 | 2.555E-15

1.0E-13

9.0E-14

8.0E-14

7.0E-14

6.0E-14

&

5.0E-14

4.0E-14

3.0E-14

o

2.0E-14

1.0E-14
0.0E+00 -

O W APRSMPESING e IR PR S S
RS Q‘®<a$$§é§ 0@‘Q<§é§

Q)CJY.’ Q’Q’

28 5

B 53 &1 T4 kY L
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FAF BHoEs

AR g Tk y51SO 14040/14044 4 &k Hp = iR 2 B A TR L 4p 51 0
FHZRFERT ML T EFRR TR 0L RAE S 2 ERERR LA™
BiEk e AP - BENES R R RFF TR BR D BEE TR
d A2 P A REPA R AP A AER P LR THREF AP B A
BEFE e FHASE UYL AP F AL IHEo AT HE (T d
By s T-RRA

AT REHET O LRMT S RBEPE LT 2 A2 RN RE L G
@ (CC)~ kit F L5+ (POF)~ it (Ac) -

g R T 4 TR K L 2 4 2 e dg ] (PCC -~ POF -~ Ac) ) T IR
R TRB R ek 0 HIRB N 4R 500.96% 2 5 B L TR Bk
BOApE v 4270.01~0.04%2 B 5 B RAR H o B B LE 4 30 50.01% 0 T -
e-H ot Tk 2B RS o F%E (CC) 2 2wk Rk
BERE A X RE (FCC2 iy heh99.99%) » kit # 4.5 35 (POF) 2 & 3% 4
P B A TRB AL S 2 ARG (& POFZ i R ¢099.98%) ik it (Ac) 2 & 5% it i
PERATRE I S R RF ($ACZ i R99.96%) - A A T 0 AR R R T
B AP LW 2 A L BN (TCC - POF ~ Ac) v bR TRt TR v (30
£99.96% 10 F) W AN FIRE DY A R X X RF iR RRE RS (4
& e A w2 R 6199.96% ) F) o

BEEALPE TRETA RBEAFP L F - 2 0FgN L T § RS
(CC)» #4& ~47H =2 8 %  ## % £ ¥0.4397 kg COze > 3£2 %510 =T i %
T R2015E 2 % F T 4 B R P 5 F B T04397kgCOe - M3t RiRF 2 2 F

4 R (2014#) 5 & B 70.65 kg COze -
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A RB KPR L = &2 s (P CC-POF~Ac) d >+ H
= I F 72 FRLE T2 AT
BB BAL g > e o R BEFIRIASRYE] L EL TR BEH

PFAF F AT RRAF TR FI R R g MR RG R E 2 AP TE 2

TR R IR AR

TR EZ R

;,h*a

AT R E T RTEATY FELHE CHE LT AHE L
TRCTL AT RERE LR ble BEFE TR SHBAE DRCR 4 H

TR B ELEAZF TRTAATA WL RV B FEERE -
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