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[0, 2352k S0,4.72x10%g NO, L.61x10%kg_|

Gl €O 241kg  S0,4.72x10%kg NO, 1.61x10%kg |

LCAE I
B R ILCA (B4
AHRH
SRR | CO, S0, NO,
) (D 1kWh 1.01kg 0.011kg 0.0049kg
B O 11 2.84 0.0031 0.027
i 1l 3.14 0.057 0.078
Y2 1kg 0.174 0.00012 0
B 1kg 2.352 0.004 0.015
TR TR J e i R
1770.0027 kWhi B
1110.0054 1
il —_— 711700020 kWh — - #Es1kg
#E20.00375k Fi0.00038 1

T IR Wik
[€0,00218kg  50,7.01x10%¢ NO, 1.79x10kg |

R kg
B GELD 1kg

#9140.00072 1
—

[€O,0.00204kg  $0,2.23x10%g  NO, 1.94x10%kg

12 PN (HAD

AHRH
bR | COykg) iR | COykg)

I 1kg 3.34 BERERI | Tkg 2.05
i 1kg (0.83kg/l) | 3.30 AFEIR kg 4.14
LPG kg 3.34 IR kg 1.7
LNG kg 2.86 HilAR kg 1.36
IR RARA | kg 2.44 PP Ikg 0.77
) 1kWh 0.45 PS kg 225
A IEIEANIT | 1kg 1.98 PVC kg 0.95
AR | ke 1.41 K Im? 0.113
WAl Ikg 0.769

HER GEND 1kg
e () 1kg
1,70.0016 kWh

[0, 0.00162kg SO, 1.76x10%kg  NO, 7.84x10%kg

RopitE
BRI 1kg

R (HA) 1kg

il 0.0111
-

[0, 0.0345kg SO, 6.27x10%g NO, 8.58x10%g |

(1) filisid i
BYANLIFEM EE (kg)
AR5 | KR

16 BAHLI i BERE:

— - /) 8.87kWh
PR 1082100 ik 0.46kg
BEREER | 14.9 17.7

AN 0.25 337 W T RINR 0.27m3
IR 068 |0.57

HB 0.62 0.70

PP 880 |6.40

PS 1.51 1.58

PVC 028 |041

AR 1293 2.93

it 308 |33.7

| coift: IHH 62.8kg, Ti/kA 77.0kg




(2) &
Uil RZi21004, 17i500km, il #£0.256/km.

[CO2: 0256x500 x 0.83x3.3/100=3.51kg |

(3) fit 1
o ZEf9HE, REH 1.4, 3£46001K .

o i —KREVR . BRI 9% X BODSEHH &

IS | ik
7K (m3) 0.15 0.107
Al (@) 36 33.3
77 (Wh) 131 131
BOD (g) 17.8 16.5

[ 9% #9CO,: I 5 539kg, fi7kH 502kg
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B3 BIRBERLE Ref A Osman and R. Ries, IntJ LCA 12 (5) 308~ 316 (2007)

Lt R 0K HLI(SOFC, solid oxide fuel cell)
TR ECHL(MT, microturbine)

A #EHL(ICE, internal combustion engine)
EE 26 A LR IKWhISITAN i, A5 S Al i 2k
o HOY g R

Tabile 1: Operaling characterstics of the SOFC coganeraion syslem
Percent Het Electric | Thermal | Overall | Power to

Load Electric | Efficiency | Efficiency | Efficiency | Heal

Output (%) %) ) Ratlo

[LUA

2% 78 51 21 72 243

8% BE 50 4 T4 2.08

Tee | 68 50 28 78 179

#5% 106 49 30 78 1.63

2% | 118 48 32 A0 1.50

100% 125 45 35 B0 1,29

4% | 180 @ | a7 | m 1.18

F5fir: 70,100 hours (8 years, if operated 8,760 hours/year)

Tabde 2: Operating cf of the MT co ion system
Percent Nat Electric | Thermal | Owverall | Powerlo
Load Electric | Efficiency Efficiency | Heal

Output %) %) (%) Ratio
(kW)
100% 549 26 52 78 0.50
75% 8 | 24 56 81 0.43
50% 248 | 20 57 77 0.35
25% o8 | 13 58 Ll 022

F#fir: 40,300 hours (4.6 years, if operated 8,760 hours/year)

Table 3: Operating characteristics of the ICE cogenaration system

Percent Net Electric | Thermal | Overall | Powerto

Load Electric | Efficiency | Efficiency | Efficiency |  Heat
Output (%) (%} %) Ratio

L A all ) : i

100% 172 334 54.8 883 0.61

75% 128 30.4 578 88.2 0.53

50% 87 266 0.8 874 0.44

Fifir: 45,000 hours (5.1 years, if operated 8,760 hours/year)

(4) K7
ekl | H Rl
— | W
a et
5
A e
MTEHLIERE: 0.016kWhlkg
HEHIFEAE: 11770.002kWhikg,  #%110.00078Kglkg
KAkt @
R K
WTFER (kWh) | 0.446 0.491
R (kWh) | 0.027 0.023
FEHUAERE (kg) | 0.0105 0.0088
CO,: IHAL5 0.248kg, 1i7/K7 0.260kg
(5) &rit

[CO,: IHALE 605k, 7k 583kg

o HIAFRMH - W
IH%Y5 122kg-CO,, 17K 132kg-CO,

o HIITRSE

USA consists: 53% coal, 17% natural gas, 17% nuclear, 9% hydro, 2% oil,
2% waste, 0.4% geothermal and 0.15% wind

Average grid loss: 6.5%

Average conversion efficiency: 32%

Gas-fired combined-cycle power plant (NGCC): 49% electric conversion
efficiency
F#fir: 262,800 hours (30 years, if operated 8,760 hours/year)

R
F#fir: 20 years, if operated 4,000 hours/year
Thermal conversion efficiency: 88.7%
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Global warming potential (GWP)
Acidification potential (AP)

Tropospheric ozone precursor potential (TOPP)

Table 4: Equivalent Factors for GWP, AP and TOPP

GWP (kg of CO; eq) )

co: | cH | mo [P hane | Pert

1 [ 21 | ms | msm | eeoo

AP (kg of SO

nox | so; | hoL | WF [ WS [ NH
0gs6 | 10 | o087 | 1601 | oses | a7ee
TOPF (kg of TOPP

CHe | No, | Nmvoc | co

oo | 122 | 1o | 011

(NMVOC: non-methane volatile organic carbons)
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© Primary energy consumption (PE)

Tabde 5: Life cycle PE consumgtion tactorn of the energy systams
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System PE Consumplion
(kWhikWha)
MT BT 100% Load LO0E 400
MT 7% Load ]
MT 5ot Load 5226400
MT 25% Load TATE+D0
ICE ICE 1007 Load 312E400
ICE 75% Lond B44E+00
ICE 50% Load 393400
SOFC SOFC 104% Load 300400
SOFC 100% Load 2.93E+00
SOFC 3% Load 2.75E+00
SOFC 5% Load 2.65E+00
SOFC 79 Load 264400
SOFG 6% Load 2G4E400
SOFC 62% Load 2686400
U5 Averags Electric 208E+00
NGCC 227E400
Taboh 8: Ll creti nAvnmaanal aciors i s s e
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B4 2SI A A Rer o Lin and G Rosenguist, Eneray Policy 36 10901095 (2008)

He i FRARLCC = 7= 5 LA i PC + 384T 447 2 I OC x W3 R KPWF
1

PWF =

1= 1/(+n"T G )
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Baseline characteristics of a 3500 W split-system room air conditioner

S HUBhICE TS

AR AR AR AR =R R X (1-RI ) X FE L%

R ALK =35% .
94512 3=6.97 % = MIRENRAL
H 75 H 8% y=85% HME: 27.68%
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Fifirs ATH30km
—ESENHHARNSBATER  B6: ke

HH BEENE gRmeE
B 546 6035
iR 1 ]
# 5 5
2z 5 10
B 2005 2115
# 20 15
18 35 35
FAEWRE 193 43
i3 5 52
2 3 100
i 162 78
it 1142 1166

S RYRANER 27 ReE

Rated cooling capacity, CC (W) 3500 Compressor
Rated EER (W/W) 257 Manufacturer
Refrigerant R-22 Model number
Flow control device Short tube (assumed) Type Rotary
. Cooling capacity (W) 4000
Byaporaiar: . 0o Displacement (cm’) 214
Face area (m’) 0206 Efficiency (W/W) e
Fin type Hydrophilic slit fin
Tube type Grooved Fan
o Evaporator side
Condenser Air volume (m/h®) 463
Face area (m?) 031 Power input (W) 50
Fin type Hydrophilic slit fin T S
Tube type Grooved = psc
2L Condenser side
Air volume (m/h?) 1400 (assumed)
Power input (W) 75 (assumed)
Type PSC
o R RZGSHLCC
Costefficiency and LCC results for a 3500W split-system room air conditioner
No. Design option Manufacturer cost  Retail ~ Cooling EER  AEC*  OCY Payback  LCC
b capacity  (WW) (KWhyn) (Yuany) period  (Yuan)
Iner. Total (Yuan) (W) (years)
(Yuan)  (Yuan)
0 Basline 2600 257 07
1 0430 EER compressor a0 2660 275 960 Ls
2 14316 EER compressor 3] 1 200 910 21
36 206 w1 23
2 208 29
5 4+ Evap® fan motor +10% 2 299 31
6 5+ Cond fan motor + 2 302 33
7 6+ Evap® fan motor +20% 2 305 80 35
*AEC based on 800 annual operating hours
%0C based on electicity price of 0.6 yuan/kWh
“Cond = condenser; Evap = evaporator
11000
4 —&— 1208 hours
10500 {— h"T—___ —4— B0 houy
100 — - | —a— 100 houes
-
3
=
il
3 —
7 .
3 o0
500
o —
——— e
. S
00
25 28 7 k2 8 30 n
EER (Wiw)

B REbREEER=3.2)f R 4 IF i 41

BB IR 5
ZHEHHESTATHEUEERATR ¥ ks
HE 100%EEHE 100% FIE Y ﬁo%it:—iﬁﬂ 40%5}@%@4%

B 40,000 30,000 36,000
im 100,000 43,000 78.000
= 50,000 16,000 36,400
A 40,000 8,000 27,200
] 220,000 4,000 148,000
B3 280,000 27,000 178,000
15,000 24,000
62,733 68,733
43,600 59,440
43,000 72,000
124,425 132,668

srritEAI
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HEFE (GI) BEHE ()

RS E SE BESE  BESE
#EEE 8706 8151 191 204
SERE 2255 23.03 087 0.89
HERE 083 0.84 0 0
REHE 042 043 0 0
St 110.86 103.81 278 203

T AR A A B
EV. GVl il Bl HEs 2 57 A K

o ] B ] 25 44 < TR RIS SRS A A B

JHH78.6 #ESE W ENAE (R )

KIRS1.6% SL0Gkm 048U/ S HTRI0Gm ISEWHI0Em  20KWh10Gm

7KJXL&19.8% Sl WP jn 1,536 1,536
Wim] PTW 2,563 136 181
wTw 3.294 250 3353
kEEE WP 656 1523
Wim] PTW 2481 1.09
wTw 3,137 2620
# wIP 43 43 1451
Wim] PTW 0 0 1,06
wTw 45 45 2,543
FiES WP 394 394 2 2
Wim] PTW 0 0 16 25
wTw 394 394 33 4
& WP 17 2 E) 20 2
Wim] PTW 2481 2940 0 10 10
wTw 2,698 30 30 30
ER2E W 75 1B 3 1
Wim] PTW 82 177 358
wTw 1 150 371
KB v 56 219 255 289
[ekm] PTW 138 ] 0 o
wIw 244 218 255 289

P
d SRRSO BRI SIS ERYE & BE LT
fE4EZE BERTE

et REEM Brx AR sYHS THEEE

2012#12”: * =1 %3 WTP 731 1,165 1916 1119 3872 62

BB 17 26 = 3 Wm] PTW 889 889 59 889 889

ik WIW 2054 2805 2008 4760 951

wEEE  WIP 1915 1,118 173 0

{52 : EVAEHAES =] BTW 2,540 588 889 40 0

1£9.7kWh/100km, WIW 3.597 2803 2007 213 0

GVIlFERFHE N P 45 1884 2 2 0

9.48L/100km Wkm] FTW 0 874 1 0 0

WIW 45 758 3 2 0

WTP: wellto RES WIP 394 5L 18 a

pump A [em) PTW 0 2 884 4 0

Ay WIW 394 sm 7199 2 0

E®  WIP 217 18 26 4 154 0

PTW: pumpto pkm) PTW 2,940 14 12 3 35 0

wheel ‘Fif)’f@l”} WTW 3157 32 38 1 189 0

7% RigwE  WIP 75 158 1 T 3699 3

pkm) PTW 82 144 1 0 849 889

WTW: wellto WTW 156 332 2 1 4,547 951

wheel 7 &1 & ZgikE  we 56 151 76 133 25 0

= PTW 223 ] ] 0 0 0

WTW 279 151 276 133 25 0

EIIRE) I T IE PR RE LA -
20kWh/100kmif] L7 4 ~ 9.48L/100kmif}

15kWh/100km(¥] {1 Zhi% %= ~ 8L/100kmI¥]##4
9.7KWh/100km(K] HLENTR 4 ~ 1.0 LT /N R i< 4=

BV TTRE, (ER LA B CERT RN e s S0

EVEIEAK HE B HLX . —4— ‘Iﬁ

T R A

RN ZEPTWE Y B AEFEAIBRA, 43500 o = A 01 8 B E
80. 5% FNBIHEILI79. 9%

FLETR 42 (P TWRA B e FE 412889k I /kmifiy HLIEA T HsHERL, WTP
¥ B 1 Rl R AT Bk 15 b, D0 25 ) 8 DAL O

S ] H Y 544
JH137.4%
RIRFK H.30.4%
A A RV K H12.2%
%H19%
il R H0.5%

EVItREFERABRARS A
GVI1154.7F154%

BEBTHSFENLRIALCAL A
(Strategic Integrated LCA Technology for a Sustainable Society)
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PERETA b

Propertios
nit Bench Boundary Value | Distribution e Function Formula (R)
Mechanical
Tensile Strongth MPa) 5 50 o R=7.5XLn(0.036Xx)4.5
Tonsile Modulus GPa 95 3 n 0 R=2.6XLn(2.718 Xx195)+04
Flexural Strongth WPa 0 ) 0 R=5Ln(2.71826x/1 10
Comprossive Strength WPa 135 70 0
impact Strength notch Kam |7 D 0
Thormal
Giass Transition Tg B 100 8 Linear
ThermalConductivity Wimk__| 08 02 Linear
Linear Expansion 0 |35 0 Linear
Hoat Dofloct. Tomp 18 MPa_ | °C 20 100 Linear
Electrical
Insulation Resistance Ohmem | 1xion | 1x100 L9 0
Loss Tangent 1KhZ 001 01 L9 0
Pormittivity TkHz 35 55 Linear
Dieloctric Strongth Wimm | 18 10 g0 R=5Ln(2718x/18)-2
Physical
Donsity Kglom? | 175 3 Linear Re2.4x+72
Water Absorption % 01 04 Linear R=-10x+

Benchmark -optimum value
Boundary diti ini value

o R

R
0. |/ — mumskos N
% | 220% g
= | 0%
2l
1990 1995 2000 2005 20104

BRI HTHUCE B AR, 4152010
SRR 51990441, ANk
F MK T 60.4%

ER#E60.4%

1l = 2
1990 1995 2000 2005  2010%

PP E

RN
Bt s EFF K R GRIAT

Surrounded |
by SF6

Tie rod

Functional Requirements [ Relative Materials Property
of Tie Rod iin Circuit Importance Dependant Upon
Breaker (F) by Function F
Weighting
)
Mechanical
Tension Dynamic Shock W, 5 Tensie Strength
Tensie Moduius
Compression Dynamic Wy 5 [ trength
Shock
W, 5
e creep Wy 5 Creep Beha
urat levated devaied
temparatures omperatures
Contact operations Ws 5 tehed Impact
ih
Electrical
Voltage With stand W, 5
Lightning Impulse Wy 5
some
Insulation dimensions | Wa 3 | CTI
Arcresistance
Thermal
Thermal C: Wo 5 Gontinuous Service
Wio. 3 e Transition
Temperature
Wi 3 Thermal
Conductivity
W 3 Linear Expansion
Physical & Chemical
Wi 3 T Density
Wi 3 | Moist
A M2 /\?b *‘
BN AR
Hazardous Waste Production 5§
Ozone Depletion 5
Global Warming 5
Energy Depletion 5
Water Depletion 3
Raw Material Depletion 3
Water Toxicity 3
Air Toxicity 1
Acidification 1
Photochemical Ozone Creation 1
Water Eutrification 1

10
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B2 hEFF KL

Ervronmental | Weighting [TERRT] Tmpec onmene | Wegning [ Teg A= meeet
urd We) Impact | Assessment N (E) alue
value Valu xE;
) (WoxEy) Tazardors iase 5 Eon) %70
3 5 G Production
Gwey
5 3 % Gaone Depleion 5 550
oD,
G 5 5 5 Ciobal War 5 <7 o
(GW) W)
Energy Depletion 5 3 5 008 0.4¢
(ED)
3 5 7 E%ig 7%
. - - 3 <70 o3
Water Toxicity W) 3 3 5 8 5
Air Toxicity (AT) 1 3 3 %8 B
Tir Aciifcaton (AAT 1 5 5 30 o3
] 1 5 3
£ o%
(PoC)
Water Eutropnication T 3 3 ET) E
wE)
Totl =% (b0C)
£ oo
- o N
T CGREECP 3D S —
Jiik2
3 4
RN
Ganeric Hormallsed Enviranmental
; type Functional [
Preferent_lal order P
for materials: {Weighted Method Mathod 2
avoragel . 1
* Functional — 1 ICET -,
performance >1 CEErT el J, : 3
" "y PR i3
Environ. p e oo T
=1 ‘-‘ I | 1’ b
© Megative value | PET-GE 1 = E
[ 5 5
Method 2) 5 5
2 11
5 ]
T 52
[} IR A4
1.33 ] 2
1.00 A <]

PC ®mEMG, PBTRA K —HMZ _FE, PPSEKHik

SR
__— » Disadvantages:
"""""" Jeri . The low dielectric strength
Rigid e T of dry air [ 3kV/imm) at ntp
ho?.usin:m increases the overall size
and weight of the equipment
i.e. copper, ceramics &
Vacuum - Bpoxy
Intes .
‘ Larger dimensions & weight
Larger epoxy housing
Gasket seals
Zi2;
Advantages

* Good dielectric strength 2.4 x air _ |_

{7, 2kVimm) at ntp

“ Overall dimensions & weight
smallerdnput of energy less

Disadvantages
* Despite the compact design, the
SFE is a green house gas :
22000 x GWP of CO2

“ Manage the pressure of the p;nle
at 1.5 bar

* SF6 tightness at this
overpressure.

Thicker elastomeric seals

1 & PET worse AT & POC PPS worst HWP
wood favoured k) i

EFEsE

am
e
am
o

ar e (T

Wi WETRGF BT GRS BPOE DG Wi |

Epoxy
o Thermosets satisfy the functional performance but fail the
environmental values
o Glass filled thermoplastics have higher functional & environmental
performances than unfilled counterparts

4i3:

Combination of profiled
silicone rings with dry
clean air at n.tp. -a

ysical barrier to
ncrease the creepage
distance against electrical
flashover. i
SFG design,

Advantages

* Similar to the SF6
regarding weight &
dimensions

* Overcomes problems
associated with SFE
contamination &
dismantiing
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Comparison of materials for each design (kg)

2022/8/13

VRIS

CREAD

electricity consumption

Material Mixed SF6
Metals 9.6 9.6 10.7
Thermoplastics 0.4 0.4 0.4
Thermosets 6.1 6.1 7.0
Elastomers 045 0.26 5x102
Ceramics 1.3 13 2.6
SF6 0 6x102 0
Others 5x103 0 0
TOTAL 17.87 17.74 20.8
PR Gl
* 1:best, 3: worst
T £ i irsatation 3 Wsulation Ml Insulation
e I QS G 1)
B = ] i

i

PGSR

CEZHD

Product + Packaging Air SF6 Mixed
204 17.72 17.85

Product (kg)

Mass of 7 5 5

packaging (kg)

Volume of 1.5X b3 X

packed product

Rank 3rd 1st 1st

X =Unit volume of SF6 unit

SF6 leakage
Air SF6 Mixed
Rank 1st 3rd 1st
3 e
WA R (RCRE )
Air SF6 Mixed
duration time for| End of life <disposal e o =
decor inati =0 th t 20 1 50 3 20 1
dismantling and ismantle (minutes)
material sorting R"y“[f,“';“ reuse g7 | s | es | 1 | 8 | 1
/ Landfill (%) 9 | s | 2 | 1 [ 2] 1
Previous / Incineration (%) 4 1 5 1 4 1
company Total 8 6 4
EBxperience
Overall Rank 3rd 2nd st
22 A
LRETPFAN:
Air SF6
Rank Rank
Manufacturing 3
Distribution 3
Use 1 3
End of Life 3 2
Global impact 10 7
Rank 3rd 2nd
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