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Abstract — As the importance of the environment has been recognized worldwide, the need to calculate and reduce
carbon emissions has been drawing an increasing attention throughout various industrial sections. Thereby the discipline
of LCA (Life Cycle Assessment) involving raw material preparation, production processes, transportation and installation
has been established. There is a clear research gap between the need and the practice for Korean Case of renewable energy
industry, particularly wind power. To bridge the gap, this study conducted LCA research on wind power generation in
the Korean area of Yeongdeok, an example of a domestic onshor wind power complex using SimaPro, which is the most
widely used LCA system. As a result of the study, the energy recovery period (EPT) of one wind turbine is about 10
months, and the GHG emitted to generate power of 1 kwh is 15 g CO,/kWh, which is competitive compared to other
energy sources. In the environmental impact assessment by component, the results showed that the tower of wind
turbines had the greatest impact on various environmental impact sectors. The experience gained in this study can be
further used in strengthening the introduction of renewable energy and reducing the carbon emission in line with
reducing climate change.
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Fig. 1. Schematic of product lifecycle models.
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2-3. LCA Software
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Fig. 3. LCA Articles according to used software.
Table 1. Comparison of LCA software features [12,29]
Analysis criteria GaBi OpenL.CA Umberto
Developer ThinkStep, Sphera Company ~ GreenDelta PR¢é Consultants iFu Hamburg GmbH
Website https://gabi.sphera.com/ https://www.openlca.org/ https://simapro.com/ https://www.ifu.com/umberto/
Format of datasets ILCD, EPD, ecoSpold v1, ILCD, ecoSpold v1, v2, csv, Excel.

GPR, gbx.

Excel, JSONLD.

Data base

Gabi databases, Ecoinvent,
U.S. LCI, EF Database v 2.0

Includes various databases

Includes various databases

Ecoinvent and GaBi databases
among others

User interface perception

Uses process modelling and
diagrams for each unit process.

Uses process modelling and
diagrams for each unit process.

Uses of matrixes for modelling Uses Petri nets for LCA
of unit process.

modelling.

Presentation of LCA
results

Uses Sankey diagram and bar
charts to show LCA results.
Tables and automatic flow
balances are used for inventory
analysis.

Uses Sankey diagram and bar
charts to show LCA results,
and tables for inventory
analysis.

Uses Sankey diagram and bar
charts to show LCA results,
and tables for inventory

Uses Sankey diagram to show
LCA results and tables for
inventory analysis. The results
can be exported to Dynamic
Excel Pivot Table and
Dashboard Chart

Scenario analysis.

Uncertainty and sensitivity Monte Carlo test.

of results

Percentage deviations can be
used for inventory flows.

Pedigree matrix.
Tests of uncertainty distribution

The Umberto’s support team can
provide some Excel based-tools
to enable sensitivity analysis.

Positive modelling
aspects

-Good documentation of
datasets.

-Costs and social aspects can be
modelled too.

-It is possible to import/export
datasets easily.

-Professional database with
hundreds of datasets and there
are also dozens of extension
databases too.

-Possibility to generate EPDs.

-Costs and social aspects can
be modelled too.

-Free for users.

-Open source.

-It is possible to import/export
datasets easily.

-Possibility to share datasets
online.

-Possibility to generate EPDs.

-Good documentation of
-Social aspects can be
-Integrated with ecoinvent

-Most of datasets are unit

-Costs aspects can be modelled
too.

-Integrated with ecoinvent
database and/or GaBi database.

-Good integration with Excel
features.

Negative modelling
aspects

-High cost of investment
-Most of datasets are
aggregated

-Lack of datasets freely available
-Many datasets are poorly
documented

factors are not available for
ILCD/PEF method

-High cost of investment

L . ... -Limited number of dataset
-Normalization and weighting formats

-High cost of investment.

-Does not have Monte Carlo
analysis and uncertainty analysis.

-It is not possible to import/
export datasets to traditional
LCA formats (e.g., ecoSpold,
ILCD).

-Normalization and weighting
factors are not available on the
analyzed software version.
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2 AE gk AAmE ARE 7 QS ot 2 FRlE] FY Evlo] A9d oY F¢ E1H A2 gtahe,

LCAE 3V ko] A2 A|3i7} Hojq= B2 The 3 A &= 9y /\]‘fﬂoﬂjﬂ Tufste] Eshs Ao w TSl &
2Hllof| = 2§ 7Fs3it). ofi= 2025\ el A o] Bt 2] uhe]E @ 717k 200 FREF-E AT gloH, &8 3d v a A
AZE AT e 94 58 2 oA W 3 A o= K FE R0 E 7Pt #7] 9 AE-E-2 W) EPAE LR A4
= 2 g 2] Zsle} gise] 12 Alael]  Eie] @ Flolt}. H Al 27F ARE-E SUTH40].

Table 2. Input value of wind turbine

Component Material Unit Amount
Occupation, industrial area m2a 184,317
Transformation, from pasture, man made m? 9,215.86
Land use . . . b
Transformation, to industrial area m-~ 9,215.86
Excavation, hydraulic digger m? 12,937.1
Steel plate ton 126.1
Aluminum ton 2.6
Electronics ton 22
Tower .
Plastic ton 2
Copper ton 13
Oil ton 1
Cast iron ton 18
Steel, engineering ton 13
Stainless steel ton 7.8
Steel ton 6.3
Fiberglass ton 1.8
Nacelle
Copper ton 1.6
Plastic ton 1
Aluminum ton 0.5
Electronics ton 0.3
Oil ton 0.3
Cast iron ton 11.3
Rotor (consisting of three blades and a spinner) Steel ton 43
Steel, engineering ton 1.5
Foundation for the wind turbine Conerete m’ 805
Steel ton 27
Aluminium ton 0.25
Cables Plastic ton 0.22
Copper ton 0.12
Electricity Electricity, medium voltage kWh 3,392,042
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Table 3. Transport of wind turbine parts and lubricating oil
Transport Unit Amount Path
Rotor, Nacelle Transport, freight, sea, transoceanic ship  km 852 Tianjin Port - Incheon Port
Vestas Wind Technology (China) Co., Ltd. Blades Factory,
Transport, freight, lorry >32 metric ton km 229 9 Xinxing Rd, Binhai, Tianjin, China 300462 --> Port of Tianjin,
XPMV+74M, Binhai, Tianjin, China 300456
Lubricating oil replacement ~ Transport, freight, lorry 7.5-16 metric ton km 5.9 Dong-Hae Lubricant Co., Ltd. --> Yeongdeok Wind Power Plant
Tower, Foundation, Cables ~ Transport, freight, lorry >32 metric ton km 200
32. 22 24 5} Zlellq Quh} FaAQ1A) Bk 277} Hk,
3-2-1. "loJE] &2 231 T 7 A= A () )0z Aol

28 g9 34933 Aeks} 517) 98k t|o]El: VestasAFollA

Total input power over the life cycle (kWh)

Agshc deolHs 2 —’E} Ao.v, AA B 7 delH = Eci_ P Annual Energy Output from a Wind Turbine (kWh) W

invent Inventory 3.7.1 DBE 4-8-3} SimaPro9.3¢] UZE 2MW & year

2 e mag Farstel Ak € male] dlojele] vistol €0, emsion (522

=29 71EE A83on, 224 7129 diolE7} gl Ay diol kW

Bl e} IP R RSk, glo]gE &I Fe e ojst _ Total CO, emissions during the life cycle(kWh) @
HolE] 5L Table 201 AE]8}H . &% 7= AHE X & AH) A Annual Energy Output (kWh)*System life(yr)

(o] A5)2] ks o]-&-FaL Table 30l HERACE AL 855

wpero 2 73 iRl el B8 2412 5819l o, % 23000] o] e wlola] V82 FE B @ v ol gk e

712 37 wjE 2= go] EE ). < 4,0283 MWhe|th F2 E|RIe] d 3 Fk AR dewke

3,392,042 kWhz 7= gle}. o]i= 4 EWo] & & <k 1071€

3-22.71% 5H41] ol ﬁ*ﬁ‘ T o2 HAth FY BN 1kWhE & o]Ats)

== A ol

e

k9l A s
&
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1 o=
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%% Sk, tkwh 8191 o 1l e
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Table 4. Overview of the ReCipe 2016 Midpoint(E) impact categories|[45]

S 155 COKWhE o 4= 9)t}

o] mell sg7tel] de] ARRH= & 9% LCIA
do]E] Wjo]A~Q1Ecoinvent v3.7.1 H]o]E] Wlo] A7} ALE-E] QI TH42).
Sz oA LCA W ol=
(Attributional approach)@} 2 3}-22] 5" (Consequential approach)
o] QUTH43,44]. FNA AL AFES] Al 374 JFS JZslst
U 23S e e R A 3y 9 15k

24 ] :“ﬂ

713l

Al 2] el &

Midpoint impact category

Indicator CFm

Unit

Climate change

Ozone depletion

Ionising radiation

Fine particulate matter formation

Photochemical oxidant formation:
terrestrial ecosystems

Photochemical oxidant formation:
human health

Terrestrial acidification
Freshwater eutrophication
Human toxicity: cancer
Human toxicity: non-cancer
Terrestrial ecotoxicity
Freshwater ecotoxicity
Marine ecotoxicity

Land use

Water use
Mineral resource scarcity
Fossil resource scarcity

Global warming potential (GWP)
Ozone depletion potential (ODP)

Infrared radiative forcing increase
Stratospheric ozone decrease
Ionising radiation potential (IRP)

Particulate matter formation potential (PMFP)
Photochemical oxidant formation potential:

Absorbed dose increase
PM2.5 population intake increase
Tropospheric ozone increase

ecosystems (EOFP)
Tropospheric ozone population intake ~ Photochemical oxidant formation potential:
increase humans (HOFP)

Proton increase in natural soils Terrestrial acidification potential (TAP)

Phosphorus increase in freshwater Freshwater eutrophication potential (FEP)
Risk increase of cancer disease incidence Human toxicity potential (HTPc)

Risk increase of non-cancer disease incidence Human toxicity potential (HTPnc)
Hazard-weighted increase in natural soils Terrestrial ecotoxicity potential (TETP)
Hazard-weighted increase in freshwaters Freshwater ecotoxicity potential (FETP)
Hazard-weighted increase in marine waterMarine ecotoxicity potential (METP)

Occupation and time-integrated land
transformation

Agricultural land occupation potential (LOP)
Increase of water consumed Water consumption potential (WCP)
Increase of ore extracted Surplus ore potential (SOP)

Upper heating value Fossil fuel potential (FEP)

kg CO,-¢eq to air

kg CFC-11-eq to air
kBq Co-60-¢q to air
kg PM2.5-eq to air
kg NOx-¢eq to air

kg NOx-eq to air

kg SO,-eq to air

kg P-eq to freshwater

kg 1,4-DCB-eq to urban air

kg 1,4-DCB-eq to urban air

kg 1,4-DCB-eq to industrial soil
kg 1,4-DCB-eq to freshwater
kg 1,4-DCB-eq to marine water
m? x yr annual cropland-eq

m’ water-eq consumed
kg Cu-eq
kg oil-eq
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1p
V-82 LCA by
0 Assembly componet
O Life cycle
Disposal scenario loaie
0 Disassembly J J
O Reuse
0 Material 122E-8p 124E-8p 124E-8p 1226 8p
O Energy v-82 foundation v-82 Nacelle v-82 Rotor v-82 Tower
O Transport
0O Processing 28.7 % 12.8 % 17.8 % 140.2 %
O Use
O Waste scenario
O Waste treatment
1.24E-8p 1.24E-8p 1.24E-8p 1.24E-8p
real v-82 real v-82 Nacelle real v-82 Rotor real v-82 Tower
foundation
128.7 % 12.8 % 17.8 % 140.2 %
1.24E-8p 1.24E-8p 1.24E-8p 1.24E-8p
real v-82 real v-82 Nacelle real v-82 Rotor real v-82 Tower
foundation(inad
28.7 % 12.8 % 17.8 % 140.2 %
1 il 1
] [T | |
1
1E-5m3 0.00021 kg 0.00203 kg 3.13E-5kg 6.13E-5 kg
concrete, normal Glass fibre Steel plate/Asia Electronics, for Polyethylene, high
{GLO}| market reinforced plastic, control units density, granulate
19.3 % 11.5 % 34.9 % 7.5 % 0.847 %
9.05E-6 m3 0.000141 kg 2.1E-5kg 4.96E-5 kg
Concrete, normal Glass fibre Electronics, for Polyethylene, high|
{RoW}| market for reinforced plastic, control units density, granulate
174 % 7.7 % 1~ 5.03 % 10.682 %
9.05E-6 m3 0.000148 kg 0.00438 M)
concrete, normal Nylon 6-6, Electricity,
{RoW}| concrete, glass-filled {RoW}| medium voltage
174 % 6.51 % |~ 7.2 % =)
393E-6m3 0.000148 kg
concrete, Nylon 6-6,
25-30MPa {RoW}|
8.6 %
3.93e-6m3
concrete,
25-30MPa {RoW}|
7.93 %

149

Fig. 4. Result of wind turbine LCA (Global warming Node cut-off 5%).
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B 9L & 5 9lom, T2 vAlE 579 ok A% A9 A
AHEITE Ao HEHE A s e ek 8] vl 9

waehs 21914 Hgehs BA02 Holr], 72 4

A Ao} 71 Aluke] 9t A Aol thgk Aol ARE-RTE 2 A
TolM= #AQ1A Aol Fab, 2 28-S AE5H 0% 1Y
sk o2 8] FeAo] moE v oy AlaEke
7kt -85 Rl APOS (allocation at the point of substitution)
e ARl
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3-3. % Hot A oM S7F= kg CO, eq @A HT 7|5 stol| 71 & FFES vA=
22 2 g 42738 Hlo|E S nlgo & gk Frhe A8l Q2= B} 40.2% (0.00581 kg CO, eq)®] G &S 24A51H, 7]
BFA T} SimaPro 9.3 W%-¥ Eco-invent Inventory 3.7.1 DBE ©] Z 0] 28.7% (0.00414 kg CO, eq)= B} th 0.2 & 98-S
% }O* © 1, ReCipe 2016 Midpoint (E) "¥R1=2] 1774 9 W+ RS o+ Qi
EHFE A ReCipe 2016 Midpoint (E)ol] thgt 7| Q1= Table 41
‘/]-E]- [45]. Fig. 42 FHEIN AA A]2~82] LCAS] A 5 7] 3-3-2. 2% 9}9(Ozone depletion) [45]

FRiste] vl o] AAY] 5%l 3l 245 AT WAE = =3 9] el thst 5243} Al kg CFCIL eq® FH =
EE YEbd AFo]™, Table 5% Fig. 40l ZAISH M EHIE B2 2.& 97 Z]47(Ozone depletion potential; ODP)7} AF-&-% $) 0.0,
Aol olek 3 Aol S0 AR S TIAT D FA0 AL 5L AT 0 550 § 008 Arlark 255
a2 ghslo] A8 Fig. 55 38 E|919] LCA A5 & o) 71 2 FEFS vHE Q40 E ZEE 36.2% (2.88E-9 kg
ol s e ek Aol CFC11 eq)®] F &= AHA|sk, BRI 7} 25.8% (2.05E-9 kg CFC11

eq)E 2 thgo @ & YIS Bl

3-3-1. 71513} (Climate change) [45]

715 Wg} el tigt 543} Al gl AHEE AT &) 3-3-3. X12] *JAMA (lonizing radiation) [45]

A]4*(Global warming potential; GWP)Z =4 7}~ 2] BAF 74#| 8 Ag] WA 3 "l (lonizing radiation potential; IRP)= 57 3}
Table 5. Result of wind turbine LCA network (Global warming Node cut-off 5%)
V-82
100%
Foundation Nacelle Rotor Tower
28.70% 12.80% 17.80% 40.20%
Glass fibre . Polyeth ylen . Glass fibre . . Polyethylene,
concrete, normal . . Electronics, e, high reinforced plastic, Electronics, | . .
reinforced plastic, : . high density,
{GLO}| market : for control density, polyamide, for control
Steel Steel polyamide, Steel NS Steel . granulate
. group for L units {GLO}| granulate . injection . units {GLO}|
plate/Asia plate/Asia injection moulded plate/Asia plate/Asia {GLO}|
concrete, normal | market for|  {GLO}| moulded {GLO}| market for |
{GLO}| market for market for |
APOS, U | APOS, U APOS,U  market for | market for | APOS, U APOS. U
i APOS, U APOS, U ’
34.90% 19.30% 34.90% 11.50% 7.50% 0.85% 34.90% 11.50% 34.90% 7.50% 0.85%
Glass fibre Polyethylen Glass fibre Polyethylene
reinforced plastic, Electronics, e, high reinforced plastic, Electronics, hi }1; de}rllsi ’
Concrete, normal polyamide, for control density, polyamide, for control granula tety’

- {RoW}| market - injection moulded units {RoW}| granulate - injection - units {RoW}| g{RoW}|

for | APOS, U {RoW}| production|  {RoW}| moulded {RoW}| production | roduction |
production | APOS, U  production | production | APOS, U p APOS. U
APOS, U APOS, U APOS, U ’

- 17.40% - 7.70% 5.03% 0.68% - 7.70% - 5.03% 0.68%
concrete, normal Electricity, -
{RoW}| concrete, Nylon 6-6, glass- }:l(i)bl/leg;}l;l;ne’ medium Nylon 6-6, glass- Il’l(i)l);leg;}[/ll;ne, Elllfzgil:;;y’

all types to filled (Rowy| ~ Mehdemsity, e filled {RoW}| gh densiy,
: granulate granulate voltage
- generic market - market for nylon 6- {RAS}| - market for nylon -
{GLO}| {GLO}| {RAS}|
for concrete, 6, glass-filled | market for | market 6-6, glass-filled | market for| market group
normal strength | APOS, U group for | APOS, U
APOS, U APOS, U APOS, U APOS,U for | APOS, U
- 17.40% - 6.51% 0.85% 7.20% - 6.51% - 0.85% 7.20%
concrete, 25- Polyethylene, Polyethylene,
30MPa {RoW}| Nylon 6-6, glass- high density, Nylon 6-6, glass- high density,
) market for ) filled {RoW}| granulate ) ) filled {RoW}| ) granulate
concrete, 25- production | {RoW}| production | {RoW}|
30MPa | APOS, U production | APOS, U production |
APOS, U APOS, U APOS, U
- 8.60% - 6.43% 0.68% - - 6.43% - 0.68% -
concrete, 25- Electricity, Electricity,
30MPa {RoW}| medium medium
concrete B B voltage ) ) ) ) voltage
production {RAS}| {RAS}|
25-30MPa | market group market group
APOS, U for | APOS, U for | APOS, U
- 7.93% - - 7.20% - - - - 7.20% -
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= real v-82 Internal cables
Fig. 5. Show chart of wind turbine impact assessment.
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3-34. 3} AksA| 343 17F 717 (Photochemical oxidant formation:
human health) [45]

F3sha 0. Aol ot QI7ke] =FL Q7Ee] 0FE AHHTFS
A Q1A 117 2F 49 el (HOFP)= kg NO, eq Ed
et Q7 17l Y v F38t AbshA| el 7H &
S A= @ 401 BhY 7} 35.5% (1.33E-5 kg NO, eq)?] A 3F&
A3, 7| Z4420] 33.1% (1.24E-5 kg NO, eq)= EFY tharo 2
T ITE Bk

3-3-5. u]A|{H2] WY (Fine particulate matter formation) [45]

Z vMAA] Aol 5A3} AR 2.5 W] FE o]skl PM2.59]
QT A&7 e Tt m)HAE E4 34 B’ (Particulate matter
formation potentials; PMFP)> kg PM2.5 eq® XS F T} v]A] HX]|
gl 7ha 2 J S v X = 2441 BF7F 35.4% (6.98E-6 kg
PM2.5 eq)?] &S X381, L}Allo] 23.8% (4.7E-6 kg PM2.5 eq)®
ER v o2 & J3S Btk

3-3-6. 43} 8 AF3hA] A : EoF A e} Al (Photochemical oxidant
formation: terrestrial ecosystems)
Gale} AbaA) B0 15 ok AElel tial 1 2 e

= v-82 foundation

#v-82 Nacelle ' v-82 Rotor  ®v-82 Tower

H A= 941l

7} 36.2% (1.4E-5 kg PM2.5 eq)2] Q&S 2}A]
] 32.4% (1.26E-5 kg PM2.5 eq) = E}Y] Uh& 0 7

_o|L
A
)
B
4z
S

O

3-3-7. EoF 2 3K (Terrestrial acidification) [45]

233t AR kg SO, eq= T A AT EQF A stol] 71 &
F S 1A= 2491 B197) 38.9% (1.71E-5 kg SO, eq)2] S
A8, 7] ZH5-E0] 22.7% (09.97E-6 kg SO, eq) = EFY] Uh- O &
T 43S Btk

3-3-8. B %943l (Freshwater eutrophication) [45]

= FdoFs} el (Freshwater eutrophication potentials; FEP)=
kg p eqe AT} T Fgslol 7S & FEFS vXE 849
EF9] 7} 48.3% (2.35E-6 kg p eq)®] D& AFAeh, Lhdo] 30.3%
(1.48E-6 kg p eq)® EFY] t}&0 & & 93kS Bt}

3-3-9. EE%F e (Terrestrial ecotoxicity) [45]

5, B4, oo el S W BAOE QI ol S ke 14-
DCB=. HRHT. £ AUEAe] 7 2 S vlA= FE S
A== )

VMR 41% (0.028 kg 1,4-DCB)2] Q33 ApA|8hw], 7] 2 7-20]
25.5% (0.0174 kg 1,4-DCB) EF$] 7} 25.3% (0.0173 kg 1,4-DCB)=
LHl v o ® w2 9FS Btk

3-3-10. B e 54 (Freshwater ecotoxicity) [45]
G el 50 7P & 9FE A E FES V|2 TR
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64.4% (0.0128 kg 14-DCB)®] AaFS 2A8h4, EF 7} 17.5%
(0.00347 kg 1,4-DCB)& 7] % Th&-0 & B oJ3kS W oir).

3-3-11. 31%F Al 55d (Marine ecotoxicity) [45]

F A5l 7HE E IS vAE FES V2T R0
42.7% (8.8 kg 1,4-DCB)&] &= 248k, BF17H 31.6% (6.52 kg
1,4-DCB)2 7% thg0 % B8 9Jaks uir}

3-3-12. 5407 3 A £/ ¢ (Human toxicity: cancer) [45]
QA 54 JF A= B A Aslel] w5y An
AEC] W3S ke 3 e v “a“?}*é FES HERE EE3I)
oL HL/\EJ,]_ A =A L= Ojo]‘]_ o]i]] ] 7]_7%510361—._ U]x]‘—
FEO AR 542% (0.152 kg 1,4- DCB)J Jks i}Xl s, ZE|7}
20.5% (0.0571 kg 1,4-DCB)Z 1A th2-0 7 W& Jgks wich

rlo m

3-3-13. A3 0.2 QI Q1A &=/t u] M (Human toxicity: non-
cancer) [45]

=
2 5}47} 40.7% (4.74 kg 1,4- DCB)/] %3 f‘;}%
0] 29.5% (3.43 kg 1,4-DCB)% E}Y] t}&-0 &

3-3-14. 4] AM&-(Land use) [45]
EA) 0] 8- 57 BEA ARG 0= QIgH A F &Hlo] 543t
Az AREE Y m? crop eqiz. TAIETE EX] AR FatellA 7
T AFE VA= FES 72 2 E 36.4% (0.00046 m* crop
eq)A P& AHA o}:q, EF 7} 29.1% (0.000368 m? crop eq)ZE 7]
Z TR0 E Be JFS Byt

3-3-15. 33E A9 31Z(Mineral resource scarcity) [45]

&Joq 334 el (Surplus ore potential; SOP)°] 533} AlG= 2 AR5
o, kg Cueqie. EAAITE o] 4] 2L BEAAS] FF wE
RS T2 G AL FE ) vldlel] ks g0 3

# 37h e WA B n REO /P 2 QRS nAE &
I EFY 7T 51.5% (0.00019 kg Cu eq)d] &5 2HA] 54, LpAalo]
31.1% (0.000115 kg Cu eq) EF] Thxo 2 W& J3ks BT}

3-3-16. 3} A5 317 (Fossil resource scarcity) [45]

EA3} Al57) 314 AR 3 (Fossil Fuel Potential; FFP)Z 2
AE= 34 A ARSAEE S 2R o] 9] EERFHHV)E
2] o] g Aol ] vlE= o) E|H, kg oil eq EAEITE 3}
A g o FEellM 7hE 2 d¥e viAle TS BHe7F43.4%
(0.00173 kg oil eq)2] Y& 4|81, ZEI7} 21.6% (0.000862 kg
oil eq), 712550 21.6% (0.000858 ke oil eq) EFY] The-0 2 m-e
IS 1Tt

3 3-17. & AH](Water use) [45]
Zenlel thet EAEL AlFE FEE B m’d 2H|EE B m?
11# m O 2 FAETE B 4n] oA 7P 2 S vHe B
F& AR 47.8% (0.000138 m) ] F&FS A5, ZE 7}
21.7% (6.24E-5 m*)= 1HAl th30 & e oS Rt
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F71IZHEPTYS ¢k 1071801310, &4 714 viEEHGHG) 15 g
CO,/kWhZ 7]32] A eta} 41 vh(898~1,129 g CO,/kWh)oILt,

A L(11~78 g CO,kWh), HIFA(30~150 g CO/kWh), EjSF3
(9~300 g CO,/kWh), 78 (2~75 g CO,/kWh), H}O]EUH/\(35~178 g
CO,/kWh)g} -2 T} A4 vk AIAE“ 5.2 A2} (24.2 g COy/
kWh) 5 Rl S ), 3= 39 B 3 #ilelA &
T & BAYE 7= A g‘ro_%‘ T o‘E}[zo 46].

AR, 2445 LCAE 4-83t7] A3l 59 W A A" 5%
2 2ol o] sk A3 2Q1 wloE] o] o st Kok
AR B3 7A] ZhgJo] o] Fojxjof & Flolth o] FH HH
value chain®] TAQLE B5o] &3} ke A|7lo] @ =T = 1
Aeatar AA AR B 3 A4S flaAE kst 2 =49
HIOIEi #@01 L4 7101131, el A gt whHEo] A Wl &
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el the e 998 Wk T T
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st 343 AFE B2, Aol 1se

=1 O

ZEEe SAAA B FYGS oluA, BT S vkt o]
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o] WhYRE Fofl A, A L4e T A LAelRt A
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