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Zrase] AEFAs A NRC(National Resource Canada)©l® @A 24
7H%0] 73—04'(:5]'51 2}]\1{‘? %Zﬂ tﬂz_]_' fj\_}\] Green Bulldmg Challenge% %E‘H
L2 A 2 AT AFEa 9l

of ZmIaYe ToEAY T stve H/Y AFEY EAS BT VIEd =
‘Benchmark values’9} Bl S Hojglom, olF 7|FEste] M 2 7toA&
Fojgtth= Holth wekA GBTools A&tz sk w7bol A 44 o w2 zh
71 %k(benchmark values)Ee°ll thet A4 3 Ao Fody, 7152 4o gk
TUE 7S] Fio] daEojof gtz &l gk gk AA H S
PHES LCAC o3 AtE Abgehe A& 9HoR s v

5) IEA LCA-MCDM

IEA(= Aol Y A 7], International Energy Agency)?] LCA-MCDM(Multi
Criteria Decision Making)< IEA Task 23 A= 53] v]=9] Balcomb? F%=
2 12/W=e] A2 rkete] st 3 AAl 7 vlal =it

Z2ageA F2 9492 67H49 F8 WUF &5 O AejFr] Heas
(Life-Cycle cost criteria), @ AelF7] A §-3} &4 (Resource use criteria),
@ AolF7] 37 ¥ QA (Environmental loading criteria), @ AZuw|stQ A
(Architectual quality criteria), ® 71%27 & A (Indoor quality criteria), ® 71
% 7% 22 (Functionality criteria)2] 6709 F d&dZo 7 A 3]

[EA LCA-MCDMell o1& 189 33 ded7t 2 7Hﬁ AAR EES 918k
A=ZSTH A5H7F A5 F(0)R7P+=3 olol & F-HhB 7M=L

skl Aot Zhzte] = HrbrlEe 37 oA 6707FA] F- ﬁéﬂﬂ%ﬁi—% xgsta
2lth. IEA LCA-MCDM2 £3F A% LCA H7l= thg3 2ol 584 A et

O F #7724 FH77159 7He A (weight factor) 274

@ 5 H7EH F 37F 7bs A (sub-weight factor) 2AA

@ 71=AtE A= 7 5 JrplE axe] o9 @ A4

@ dikAbel =9 7 §F JrplE a4 o9 @ A4

® 7 H7F 71ed "gula 9 A4 8w (MCDM LCA star-diagram)
MCDM LCA<+ W B HypEE SRR B Yo ® ESHA o Hu
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Al 47 BFFs A A 2 T HOF bR AA

eI 3ol A AN E A8
bl Bas Aol B3] A 2
stol AN WA, AFBA, A7RA BHRE AV
A BHAARH 8k D BPRS 229 4HA BAHREE 2299 7t
Ave g 4Ysd 5F 4%e wEas9se] Art

w, 24 A% BAS] 74 9t 4% 1 9o} AEAE ek
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o
N
S
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e
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riet
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I
o
ob

41 ARe) BARFY 27

Aol AANe e FEALE AGH ARl o F JUH] 2u]9 CO, ¥l

Mg, AR AR EAS

A%E LCA(Life Cycle Assessment)t A 77|13 W3 er 2 [SO% A7)+
A Q7= AT Tt AL BT o R A ouE At BE AlE,
ABl 25 gidoZ 3 LCAZF 1997 6€9 ISO 14040(LCAS] 423} 7f8)eh=
TATFASRE AA el we, AFEotl = A3 LCAQ A& dig HET}
ZadHA Ak o] LCAS F2 245 T4 e Aol AF 233 g
Fgoln o= F= CO, & TAHoE HUshA Hrt.

AT AEshE COp WiEZFE AUA ARl e CO, WiEERE 2F5 9
HAE dAslon, A% Y 72 FAGAEE A AU A ARE A3 el
w2} A IPCC (Intergovernmental Panel for Climate Change)oll A 133+ €49
HiEAIFE A&38te] CO, W& AtEsilth v ed CO, &% ALk

[PCCe W ES o] &3to] Ahzdrt
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A dluA e BdFE 9 COp, MEFS <GE 4.1>3 2ok

<E 41> AP dds L CO, WiEH

. . IPCC . -
=5 e g ] 5 2 ¢ CO, HEH

= & 8,700 kcal/t 19.6 kg-C/GJ 2.592 kg-COs /0
i 9,200| kcal/t 20.2 kg-C/GJ 2.824 kg-CO, /0
B-C 9,900| kcal/t 21.1 kg-C/GJ 3.175 kg-CO, /0
AEA-1 8,700 kcal/t 18.9 kg-C/GJ 2.499 kg-CO, /0
TA1-1 7,000| kecal/m’ 15.3 kg-C/GJ 1.636 kg-CO, /m'
T 4,500| kcal/kg 26.8 kg-C/GJ 1.814 kg-CO, /kg
e 6,600 kcal/kg 26.8 kg-C/GJ 1.814 kg-CO, /kg
e 6,500| kcal/kg 29.5 kg-C/GJ 2.885 kg-CO, /kg

N

& &4 1 IPCC(1993)

AARA D 2 (Keal/l,m3,kwh,kg) X 4.1868KJ/Kcal(tH¢] &4h)

X 2w EAS(Kg-C/GJ) X CO, 9 ©zte] A=Fu]|(44/12)

X Axg&A e 0.98, A7 0.99) (lkcal = 4,186.8J)
o, A719] saviE AT 2 =9 dYal (F4, 9, 9, 923

o] A g xto]E Holil glo] oA FFEerAaumEAF7} 3%540% UA 7] W

o gk Ay A o] wE gAY wiEATE =AY EAbe] 98d HY ALt

Ztz¢F IPCCY] A& AR AHgste CO: WiEFS AAth =] H71A84k

AL <GE 4.2>¢F Zon, o]E vF o R A wiEFS A Ade <GE 4.3>

o #r}2)

<E 4.2> =9 AL A%

iy ABALE = o] g E W=
ey 5403 10°kwh
A 4112|10°kwh| 2,304,699|tor]  4,625|kcal/kg| 10,695,232,875,000|kcal
Soek | 63078/10%kwh| 22,707,042(tonf  6,127|kcal/kg| 139,126,046,334,000|kcal

=5 36620/10%kwh| 8,309,444| ké| 9,834|kcal/kg| 81,715,072,296,000|kcal
5 6323[10°%wh| 1,517,032| ke| 9,121 kcal/L| 13,836,848,872,000|kcal
7} 31823|10%wh| 5,376,576| kt| 13,047| kcal/L| 70,148,187,072,000|kcal
Ax8 | 77086]/10°%wh
A | 224445[10%wh 315,485,387,449,000|kcal

D o]l 9] 2091, op. cit., p.156
2) 249 9] 332, op. cit., pp.57-58
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<E 4.3> A7) dawEH

2

e o o = ° 1ol o

- e A Hﬁqi 9 Wk = o
ek | 1.172.111.8] t-c |0.980] 26.80 [kg-c/G| 44.628,076,201,050,000] J
olek | 15298,594.3| t-c |0.980 | 26.80 |kg-c/G| 582.496,930,791,191,000| J
=5 7,146,642.1| t-c 0.990 | 21.10 |kg-c/G| 342,124,664,688,893,000| J
7 1,158,526.5| t-c 0.990 | 20.20 |kg-c/G| 57,932,118,857,289,600| J
Tk~ 4,471,087.6| t-c 0.995 | 15.30 |kg-c/G| 293,696,429,633,050,000| J

B4l | 29,246,962.4]  t-c
CO, A71(107,238,862.0{t-CO.

wrebA, dEE @] Ay & A COp wiE el et 2 duyA
Z=mle] 74 2500kcal/kwhol™, CO. wMi&dwel= 1,072,388,619.8 t-CO, +
224,445x10°%kwh = 0.4778 kg-CO. /kwh 2 A= Qlch

4.1.2 &3 53 429 43 2y

EHSTh B AT AE AR A AT & AL§S L, AT
Ask A7 GAG G ARAETAS AgeE 2FYAS ALgsId o,
CE 44>E 2 Q7o) ASE AR ARAATA o] 23] g )
e 4w Aol
CE 44> AT AR AR 2T AL
T3 A A LEERTIE ES R

A Al - ARG A G A g2

Ao A - Al g A Al g A R A Ak2])

- # 7] A 7| A N E A 2 2])

71EEF (402)F
AANEF | drlE, d, @7 gm e, d g, A, F4

3744 Al
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St I e k X |mw |z T g
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R N AR S S (D
B R el I T X0 T | O &
2 Ew A SR | T |F T & s
B o ~
o o =
® uk e £l
%) o _ o
e e T N il X A
% 2 ) cel T X =
63 i % e I S G .
~ e = o=l |2 = fo o S
= A ol ) it
0 oF r i o
a < = B o el
= X M S = o
= < = i T W
° = S X =
~ — X

pp.170-196

o] oAU FdFoll TPCCE| <A<

AHA &nlel CO, Wi ¢
A5 HER

o

3) o]l 9 2091, op. cit.,



A A A S Aol thate] A4k wolel tatel tE A ARkl
8 AYSAG Aol 97 wAlel sl @FEAE Boko] of
YA zulg 24 Betel AuslE AbgshA Ht,

B AFdM = Al et 11171‘%74101] kol dEd5HE Sl AHHE ARE
A&tk s (L 4.2) WE A Ao o AFAA LCA 2H4 344 o]

o ARA A7 mERETE

Ag gud 4%

CED

ot

ARA el oA ALE-F

44 w9l wee A IPCC uANd Wl 9 B9 ol gd
o A VAT AUALE F VAL

A HY G CO, W A —=IPPC lUALE CO, #j&E o d9E5 &
stol AA 712 @9 cluAdE & CO.

=% Ak

(79 4.2) AEHBRA g Aae) g A7

pul

4.1.3 AAGA A9 A

At Aol o3k Adde] A2 o]#F(2002)4, olAT 2](2002)900 4 =
AREE AT 2y U A okl Aol whel gre] ApolE ztal glvh & A

D o]#:3% op. cit.

5 o]d s <9 39I, op. cit.
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FolME BFAM7EATANA LCA Ak ol T35S 98 A4
AN E g A0 SHATEO AdAnRAe] o)g Aus) ALPRE 4§

sto] At A oy A 4H] B CO. MiE dd9= <GE 4.5>9F

CE 45> Aol &)@ ol zm] % CO, ME A9

ol YA4n ¢ CO, = o
S _ o | 4 %] A H] , W& o)
i ™ e o 9 ¢ (s H] 34 -8)
. (kcal/?H$) | (kg-CO, /S|
188 |dn & kg 152.2 0.0940 17 | v =
199 |22 2 37 kg 6,310.4 2.4184 | 280 | o]d# AL
200 |27 kg 6,719.7 2.5545 | 347 | RERAYT}

gy e 9N 0w AFe] Aol ek BE VA AHES TS
A% 71RoR du gonz, Jus| wH PWAAT quix &v L CO, Wl
S olebn @ i Qrh ey 1 BRe J1Fe] Al 4Ysel 94 g
by g 9as) dolde] S4¢ wekshy] 8 2FFR00De o

A g s YAEA AUA AFgE 2] HaAAE A of
gatel 7t Al EE(EE) AxAAE AFS) Beh olE dAom 7 A
M B oluA Al Fako] A B4R 2

6) o] 9 2021, op. cit.

7 Zdd 9 332, op. cit., pp.59-62
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(D) #@lm&
gln) 2] AL A AHES 9 FAEE AA 9] wk) o] %5 L shE
Ao w Alz=ge] AAZE dAE e vk Lelvh ke AAbARl ARE A
oAl oY= AHoh CO, HiZe] gk il Aeke] A E3hs|ofof shm,
MEA G2 E ole] et 2hge] Hrhe FHE 7HA L Ak MEAEA LS 71 A
Foll sl A4S w4t A HB R, o] F HolE & o] &ate] #n|Ee] itk
A= 2Hgs 5= k. 1tonol HwEe] Aakel=

Aok (29 4.3 vzl 4ak FAEolt,

X
=2
vy
2
B>
o
2
(@)
&
=
(Y
e
vy

IEEEFIECEEE
E3H4)
eRa jizj [=a A || Az A% || AuEAgsIL |
.
EakA A
EEENIEEEENEEE TR
Az T4 £A
LAl P ol W
SHAIFT)

4.8, A A%

Conveyor Systemo©l] 2]} of L] ] 4 H]

(29 4.3) v A A=

w A7)E gl AA% DA AvlE g

8) Ibid. p.60
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(" 4.4)= dn e A7 H= AHMES] ke

284 80-90%
HE 8-16% |4
2EH 2-5%

ol

o

w247 |« AR |« 2980w [« Ctinker |

AW EA % |4 Clinkerel $ZA¢} A%

(9 4.4) AHNE ik

% 4w el AHF SAMES] Y

<E 4.6> #v o] JPEANEA bAoA 2]

of

Xg =

A

o 1

de A S ey dujEe] YrkdA oy
6>9 &t

Aets)

TH e | EAA AAA Y2 itz o vl Yeté]
A7 kWh 15.501 0.003 15.504
A5 0 - 5.062 5.062
1 ¢ - 0.004 0.004
B-C % [} 0.068 - 0.068
ek kg 4.129 - 4.129
% 98y AAF 28 (W) E 1ton)
(2) A&
Ao AR 34 (O 4.5)9 Zow, oA AitEE dEd JFe
100%7F 14 & o8 H7|Z2E 3l AAE I k9 o= A F7F AA ] o

[]
oz AAE BYNE 9

0 1AE WA
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AA A= gloH0, ey ofFe FUAMAE Alelgh ] AL FFe oislA
T 58S A Ao 42 B AEES e Aitdda spgE 5 9l
A (ZA)FY
Q3 C Sl
S e o B A S B R IR e
(A71Z 507 200t) [ R 2
A&
A2 3] td v 4
Ak nd | k. | Asaan [P [ ranz
e (ga=)
e t/\d v !
g — —> | e
LNG m’/d > =
A&Fz
A od (“J )
CaO t/d | 714
v
el
v
A%
(29 4.5 A A A=
< 47> MEALEA e ogk o] AAGA AU A4H] e o]t
<E 47> AT AEARLGA ARG oA 2an] Ak
e w9 U= A
A kwh 3293.187
LNG 0 2.094
R ¢ 0.000
22 kg 5.060
% AR AHGE) A-FF 19973 89 (183]) (A 1ton)

100 pAld s

A

=

3}
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4.1.4 NEDA A9 A

AFEA U AHE ARl @A ARAATA ) dole st vhaisle] g
Aogagers 4R 2Ase] AgsHarh ARALEA oI% uA AL
AUslE tee] AFASe B9 nuHo vE Aol 44 AT eje] A

o =
F2AE AFete] olF Mo AU 2E WY Bk,

B O:]:rLoﬂ}ﬂli B/\}g] _/;;-q @E -EﬂxP APTE q]}d—vg_i 7Htﬂ7<4/\ YRZ)S é}oi }_/\}
AUA ALGFIVE 7| ZE0 R Aol ek A 2Hs} CO, WE A9 E
=3kodth

=]
RN
3l

7N A4k of

AgE AT AAE 20 o dluAe] e QoA
Fow B3l gAE 47
Sol, A Al @ AT £HHE Ao ARALT. £ SRS 11EF

melE IEOR Golch wld £AAS A2l AF AR, 29, 8

=

A A2z ofEwG o ABxE AFE Ak tja ouix 2u] B4
of A7} FASH, webd dolEst EAEA Gonm B eljdxt @7
Aol ma—n A auE Fe] Eahe] WA <E 4.9>% AFEA oY

CHE 49> AFEA AAE A 2] A

ol A A8 % (1000kg)
2} A
kw A0
Bl 0.431 1.117
A 6.213 26.412
3% 6.213 26.412
1) 54, “SA 8-S et gu A A o] Aell F olYAu|§ Aol et
AT - LCA H7P|HE o] &3 -7, Lot gishel AApshe]=i, 2001,

pp.78-83
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4.1.5 #H7|1GA A< A3

A2z A%Ee] AFe Frlea QJou AT FAYExS) AFBY ¥us
of, AZx AZBL AR TR ool A5 A Aa7k gom, A7} ol Fol A
S AT TEREES TR PR FAE, FAAY AN gL ot 2R
of BB AN YTt o5 FAIE A FAE A ARAMYA e}
v sl A72E 34 QA AANAE gRaa e

ES e Ao G Aol AFRE o] FolA it @A
AAow 8] AZzxo A wACIA Hg FHe] AAoI, FA U o] 2
o A4 el WF AT AR Arolth webq B AT A= AR}
23% A2 o}Ed] Y7t o] BAE AR, o F npgon

U v A9 s 7HE8 (2 4.6 dA o] FolAaL e AR
]

e - 9l Rk

AARA A A Aelsh ¥R

I
ZIYE HU|E A
AP FA = 5t HZB|ALZ o)
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Aezadeze A FA A A7 WEe Ba (09 4% 2o B
xo) #A H4e FAAAL. 1FA A5 Avel o] AA) AEHT = Ak
A e e won, dnaadExe F9sh gl 447 B2 o g
Agto] ol o)A/ A, AANAE AoeA =z Ao} Ao fAe, A}
&5 gule] Bl ol ARAL ol T

o

d AMSES aEste] AR 1% AIFx AE AFTE GANAE g

]
A AL (LY 4.7)1937

oA S Age Gt 79 @geaa 24
A LRE
- sl g 2Hd
320 - A BAb A
|
. EREER
SEEN S
}—- = - ﬂﬂﬂd‘_}?}
F2A A7 S
- A Ad, g
- Aol Asl
AR A C AR
- 2adE A% A
29 A28 - ArRE B Al A

(198 4.7) 1% Aoz A=E9 a4 #A

olm] o]F#(2000)168] AT o] FA (2001179 A4 HEAe EZ]
ATl Aol oA HEel B A7k FaAE b gk agAY F AT ®

15 SAA AE7} WdAs

= U

A, “Zi%%gl ﬂﬂﬂ“ﬁlc'ﬂﬁ AT A & Fa} CO, MjEZel 3 7% A7,
AFsh9l =1, 2001.
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=
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=
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T @GN ASF AoE A AN Yom, Al 2AE Gt FAE
g BE ol Bk Abolol Ael7k EAFE Adatdrh. MBI AH AT A% 5
AFAbe] FAt goluh gule] olUX Abg Fulelnz FAIZke] 4 2 o
G wa, FAkel @ ol7lel w77k vhs) A gada sk

wEbA frAE PRl dEE ofufESt A EX ofntES wlwetazt &
W, fHARRE gPRe] g AEe] Al FARRg A s B8t i A
fraret Row b E § slvk w71 aA v A Abge 7EE w718 F30A
7F70% doluE Af19E V|FEom sto] dudE et

AT 3

puA

rﬂ

AR 999l <F 4.1 2o

<E 4.11> F714A AAE A AH 2 CO, HE s

A AAY AHEEF | ANAAALE CO, M=%

(F91/kg) (kcal/kg) (kg-CO: /kg)
A = (1K) 73 (0) 0.0037 34.04 0.0104
771 (kwh) 0.0021 5.25 0.0010
2 2(1kg) R 0.0026 23.92 0.0073
271 (kwh) 0.0003 0.75 0.0001
7 (1kg) (0 0.0026 23.92 0.0073
7] (kwh) 0.0003 0.75 0.0001

FHet ek FriRDS A dag] S A A Aok AREHE T
& 2 @Ale] Frb 2318 7Hgstar, A, Ale A, H7dAle] @458 o
HelE Abgaglnt A=, dnlE, A 4 7 dAE oy A anjet COo,
W& d99E < 412> Zr

18) o]x35 op. cit., pp.83-87
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<GE 412> AA) oluAm] B CO, WiE A

A e Al A A 7 A A

A | AFA &8 | CO, HlZ [ A|&H] | CO, HlZ |[dA|&H]| CO, HIZ
(kcal/kg) |(kg-CO. /kg)| (kcal/kg) |[(kg-CO. /kg)| (kcal/kg) |(kg-CO. /kg)

i 152.17 0.0940 11.35 0.0034 39.29 0.0114
A 6,310.40 2.4184 258.52 0.0776 24.67 0.0074
27 6,719.70 2.5545 258.52 0.0776 24.67 0.0074

AFEEAIE AQF A A A dv)Z, 2, 7] 378 AA 25 At

Al A o] oA AuleE CO, WiZEe] dojubes AL &+ A

4.2 % H7t 7rEA A

Zzte] el ahst YRS 02, AFY 8k Prkel A9E AL F
W5 AR IS S8 S19l WEare] A S AP F IS he] b
FH) 4o aTH

[EA LCA-MCDM®] 7- Main Criteria®} Sub Criteria®] 2% %, 7} Criteria
Abolol 7hEAE F-otA "ol ol =230l Default #-> ZF &EAlolol &
A3k 7Tt A E Fofsta glom oo diE tijtew AHE9 WIHA= Default
ol obd HrF JAd el AEVFES o 7AS ol AHP(Analytical hierarchy
process) WHE Eato] 7teAE AA g ey o] WS B3e I gdS
7o R star glom, R YA AlLle] o] Fofxit)

Tl A= HAgA Q] FEUe Tt R F I Aol A TtEAE

Sholl Sl AR AdiAQl ol WS mdE o] dA vk ¥ ofye}
TaES A= =74 Apeoluh AbS A o] whel 2 zteolE ZHAl

i

|
1

ox

o3
Jfa
Y

webd B ATAE G5 1 Bk AFA ) A Qo A ARskeh A,
AE ool AR 60915 U R 2GRS F)E Bokel AT} oA =
7

AHE T 2AF AaE 248kl FRAde] dete] Huwte A, FE3
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5.1.1 AHE o1 7l

Z 67]9] AU ol EE, A2 2 ol E 3/ AlElet AEE AT EZR ofgtE
30 Abl = A E O] ek 2 ARl 205 o4 30% FIRE GFRLe] 3T ol BE 1
A Abelsh 2aF obwbE 27) Al E EgEa gl

—
~

23% olvE Al e

1% (30% o) ABE obhE Al EIE T obEst 4eHEe] S of
E

StE ol /jaE <3 5.1>¥
<E 5.1> 2315 HIZ o9 E Ay /e
. T ets
T }IHEBE) S o} E
S 132,762 m 75,865 m'
. A4 66% 214 305
o A3} 5% A3t 5%
T HZ2(SRC) HZZ(SRC)
HZ 9,232 ton HZ 1 8,900 ton
AL A AT AnE 40,492 m' ZmE 29,000 m'
A 5,547 ton A 1 4,900 ton

(29 5. D)3 (19 5.2)&
o] 509 % HHEolt.

A7Aoln, (18 5.3)& T olgE

(29 5.1) T o}E ¥4

(29 5.2) T o}E ¥4
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(2% 5.3) T o}9E 5083 BuE

LAY EZR ol E A= M xE A ofgtES}L M E 1 oIt ER )
QFE <F 5.2>9 7
<E 52> 21= AT ZIYEZ olnE Ald L
. RESS A
A o}mE [ olg}E
SR 258,433 m' 146,483 m'
N A% 37% 24 46=
o A8 6% A8 4%
+z HILEZIAYEZX HaFZIgEXR
] Z =<
A8 e g4 1 23,203 ton z] 12,663 ton
gv) = : 181,053 m' #n= ;96,763 m
T AR BT dA AA Fold, (¥ 5.4)v A AIIAYER 23T oI E
o] 7tLola, (19 558 | AAEIAYER 2112 O}J}Efz] Z7 o)t}
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o ypEel whe 54 HlaE 98 Bkl EFHe
L AZEAYER o} HE Jaes

<E 53> 1% dAzxAS

a5(20% ©1% 30
<3 5.3>3 ¢

A EZ ofuE Al /&
. T4 MEHE
S op9E D o=

1 7| 8,712 m 10,560 m
N A 205 A 26%
ST _ - -
A3} 2% A3} 2%

T* HIZ(SRC) AZLFZIYEZ

A : 924.8 ton
AP AN AF-E- =

g 3,951 w

A : 354.0 ton

A 857.8 ton
dulE 6,261 m
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0% ABx obhEe] A WAV Y ALgFolH, < 55>E
23% AoEaEz ofee] A4 welUAY Ageo]

K

<E 54> 21Z AZZ O}F}E AL

3L
ek e PE S ofshE
T ol E®BSE)

SR RS 132,762 m 75,865 m’
oo A o A= 1 69.5kg/m’ A& 0 117.31kg/m’
;}xﬂ:};—; #v = : 701.5kg/m g & 879.19kg/m’

°° A1 41.8kg/m’ AT 0 64.59kg/m’
<E 55> 21% ATFZIAYEZR olnE AAALH
o PESS 4%
O o
A ofshe I ofsh=

A A 258,433 m' 146,483 m
e LAy A @ 89.8kg/mr A @ 86.4kg/m
AP A AL 2F #v = : 1611.3kg/m #r 2 : 1519.3kg/m’

1

ol MgoR xuF AT ohnEsl AnEag =R olnEe wANAY 4
C<KE 5.6 AAAEES v w3k Aot}

<E 5.6> %31F o}HE A AH T AFAJALEHF
T AF-&- A GG ALEF T AA A

Hzz F7% 86.89 kg/m’

o} E gnl 2 766.12 kg/m’ 903.09 kg/m’
H 50.08 kg/m’
HEEZIYEZ Bl 1,578.05 kg/m’

4 N 1,666.63 kg/m’
b= A 88.58 kg/m'
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. A 233 ASE HAIITIAYEZR olHEVE HIx olvE HU}
763,54kg/m' B B AAE AMESHE Ao R YElgon, AEZR oluE AAH
o] 85% AEE © Argsts otk ZF AAER w2 AbEolA
811.93kg/mS © Abg&ta, A7 A8l A s 48.39kg/m' @ A3 Ao
2 Yetutth 235 AIZAYER ol EE Az} nlaste] A A ALE
ol glo} oF F nje] AAE AR, Al e ARE H]go] HA| AA]
A T 95%E AASFAL Ut

o md &b me
PN
kl
ofj
o
r
U
A0

CE 57> 1% ATE oprhEst 13 ATFAYEZ obhES] BRY 2
AN EFE W Avtelh, ARRAYEZ obHE] BF <E 5559 2AF
SN AY ARG M0 W, fAE e 2 Ao tehdh

T AF-&-AF A e H A AR T AR AL
Kk 106.15 kg/m’
Az
ol E EI 1,043.07 kg/mt 1,189.85 kg/m'
A 40.63 kg/m'
ATTAER B 1,363.66 kg/m'
B - 1,444.89 kg/m’
o E Az 81.23 kg/m'

)% HPoR 1% ATE oRESt 1F FTEAYER obES] UAUA Y
NoEAYER o E

>
)
>

o
o
=
Rl
P‘L
2
30
e
=
£l
ih)
=)
K
ofj
Lo
o
o
als

N
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7 AEx ol9tE B 255.04kg/m T B2 A E AHESE Aoz YEhen,
Hm 2 ARg-ol Al 320.59kg/ms ©l AR&stal, FAF A= disiAe 65.55kg/m
g ARt Aom YERt 15 AEx olvtER 1% AIIAYEXR ol3E
o} wjarate] AA AYAEFAl o] o 82% F=o] AAE AHESEAL it
37 A% (1,444.89-1,189.85) + 1,444.89 X 100 = 18% °|B& AHS
A5E 2448 o) 1% AFF o}IEE 6882 Y58 o AL nF "
A Ex ofgtES] wdu A A FA d5E M WE VIEHF 5
2 gUre AR 1S dEx obyES] dvo] 1.83 Ak felsive Ae &

2
5.2.3 A94R8 84 By Ax 24
Ao Hrrel AR REE @40 Hrhe I gfRe) wE Xo] S &) 9ste]

Z OFSE Al S} 15Y ofFE AR o] Ut eglew, Fr AE Hal
3 AS <F 5.8>3 #r

BgE| o9l FE TR s
et wemAy S ORE A 9.6
84| AAER % ol7tE Al 6.8

Aol A vhehck vhsh o] AR 220 BUAT AAALEF Bl 9l
o] 1H(20% o) AT olstEe] Apdurt 21% ot
o Abel7k Bo} Astel Qo) 2.8% ¥ W4T ASFHAOH, o 2uF AS

7} mEe] Aguck AA AgEel gdol frese AL ¢ 5 Aok

S7%e adel WA 449 7 woE Q9w A AnE Beudy )
W Abg e A gatel 2 wAY BHRHE AAAL, o] F wFom Ao Ay
A s QAo COo, MEFE Bbake



5.3.1 215 o}%E Aldle] A BARS H7}

30% o} FEE 2uF ofsER LRalgion], oo val AAEA, ATE
A, A7 8355 44e B AQel BA¥E BAE SRS

1) AxraA g4 2k

<GE 5.9>S A 233 Atdl HEx olgES AIFIYEZX ol EQ] o
U2 A b Adelrt, A A] oA njeg Bl A 23] A da
Z oW EV} AIFZAYEZX ofgtES} Hlalste] 217,372.95kcal/m’, °F 27%9] ol
UAE o AvsheE Ao® yepsoh

<E 5.9> AN AUA auF (21F)

= A AFEA| s A
TR (A ANF |9 w9
AUYXA AW (Kcal/m?)
) &7} 86.89|kg/m’ 583,874.73 | Kcal/m
AEz
ohope An 2| 766.12|ke/m' 116,580.48 | Kcal/m' 1,016,480.05
A 50.08|kg/m’ 316,024.83 | Kcal/m'
A2 |guma|1,578.05|ke/m 240,131.87 | Kcal/m
ZAYER — 799,107.10
olmpe | A 88.58 |kg/m' 558,975.23 | Kcal/m

<E 510> A7 2315 A HE X ofgES HIZATYEZR o3 EY)
CO, W& A4 A}oltt, AAGA CO, MEH vudxn 2uFo 4 ATz
ol E AEEZABEX o} E 9} Hlmwate] 52.53kg-CO, /m', O 14% T Zol
CO, & Wj&3le Ao Yehst

<E 5.10> AAGA CO, v (211%)

A A A s A
TE O AAE | A | @ 5 o)
CO2 HH%%]: (kg—C02 /mz)
gox 37 86.89| kg/m’ 221.96 |kg-CO, /m’
A==z
op s 2| 766.12| kg/m’ 72.01 |kg-COy /m' 415.09
T "2 50.08 | kg/m’ 121.11 [kg-CO, /m
A | gu 2| 1,578.05|ke/m 148.34 |kg-CO, /nr
AP EX— 362.56
olyje | HZ 88.58| kg/m 214.22 |kg-CO, /m’
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2) AlsaA

<IE 511> A
o uin] An|gF 2k Axfo|t)

25} 214

Sl 2 A A2 hhEs ApEadss osma

Al @A ldA] R Rladyt 2ase Fg- A

=X olFEVF AIZ A EXR ofutES} Hluste] 3,294.38kcal/m’, °F 8% A%
o 2 oUAE AH|3tE oz et
<E 5.11> ANEFGA A A8 (2i1F)
Al A 3 A
B A | ZAFAEE | ke oo
- A | A 4 o] su]et 4 (Keal/m)
4 J7 86.89|kg/m’ 22.462.80 | Kcal/mt
Z %’—}_
oate g 2| 766.12|kg/m 8,695.46 | Kcal/m 44,104.95
A 50.08 |kg/m’ 12,946.68 | Kcal/m'
a2 | g2 |1,578.05|kg/m’ 17,910.87 | Kcal/m'
SLAYER 40,810.57
olvje | 88.58|kg/m' 22,899.70 | Kcal/m'

<E 5.12>8 AFeA a1

0% olIE Ao ABE ovpEst FEEdelEx

olulE CO, vi&% A4 Aol Al &WA CO, vi&% v A3} 2135 Ald Y
AL HAux olutEVl AZEIAYER ofgE BU} 0.99kg-CO, /m', 8% A%
o @2 CO, & Wi&Eshes Aoz YErwtt.
<E 5.12> AlFdA CO, v&E=F (213)
A& A g A
B ZFAE | ZAAEE | ke B e
v i el A CO, W&z i (kg—COs5 /m’)
G AL 86.89| kg/m 6.74 |kg-CO, /m’
ATz - :
ol e du 2| 766.12|kg/m 2.60 |kg-CO, /m 13.23
A 50.08| kg/m 3.89 |kg-CO. /m'
A | gm 2| 1,578.05|ke/m 5.37 |kg-CO, /nt
AP EX— 12.24
o}uE A 88.58| kg/m 6.87 |kg-CO; /m’

3) #H7)¢HA S5
<IE 5.13>8 #H7)9A

OFSHE oA ZulF A

3 47

%=
a

% olshe Aldle] AEz ojEe} AoEadE
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A9 AFZx oy EV} AZLE AT EZR olutE WU} 30,706.95 kecal/m’, 48% A=
AL AUAIE AHleh= Aoz Ve
<E 5.13> #H71dA oA Av)FF (211F)
7] A 3 A
B A | ZAFAEE | ke o}o
" i s SR i (Keal/m')
G AL 86.89|kg/m 2.143.58 Kcal/m'
Z J—Z
oo Ar 2| 766.12|kg/m' 30,100.85 | Kcal/m' 33,479.90
Ao 50.08 [kg/m’ 1,235.47 | Keal/m'
A2 |92 (1,578.05|ke/m' 62,001.58 | Kcal/m
ZIgEZ 64,186.85
ol | A 88.58 |kg/m’ 2,185.27 | Kcal/m

T 5.14>% WA 233 oluE Al AFE oy ES AITIAYER
obE CO, W& A datelnt. H7|@A CO, WM& Hladst 2u3 AR
g dux O}ﬁJrEﬂ AT aEZ olgtE Bt} 11.46 kg-CO, /mr, 47%78 =

S
ps|
S

fo

<E 5.14> H7|GA CO, &% (X113%)

9| 7] ©F [oig
vu A aae |ae | @) it
CO, W= (kg-CO» /m)
7} 86.89|kg/nr 0.64 |kg-CO, /nf
;:(—j‘%i =1 2 2
ol s du 2| 766.12|kg/m 8.73 |kg-CO, /m 13.08
A 50.08| kg/m’ 3.71 |kg-CO, /m'
< |9m £ 1,578.05| kg/m’ 17.99 |kg-CO, /mr
SLAYER 24.54
olme | A 88.58| kg/nr 6.55 |kg-CO. /m'

4) Al 73 %-3F B}
b Al A AR oluA] anRE vpgoR AA ] oy sk Abgskal

BABIATE <FE 515> 23F ol E Alg A x ofyfES AT ZIAYEZR o}
SE HAe] oA AuF 2bg Aot
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< 5.15> Al YA v (211F)
A o
T A A Al S A #H 7)1 A oA ] ]
A% o}9E | 1,016,480.05| 44,104.95| 33,479.90| 1,094,064.90 | Kcal/m'
ATLZIYER
o 799,107.10| 40,810.57| 64,186.85| 904,104.52| Kcal/m’
W3 +217,372.95| +3,294.38| -30,706.95 | +189,960.38 | Kcal/m’
+27 % +8 % -48 % +21 % | H&

ZE @AY oA AHES A% A HaEx olmtES AT EXR ofn}
E EE AMGACA 7P wE olyX|7F AHEJoH, AJrckAel A
217,372.95kcal/m o2 71 & S 2FolE HA{Y. Hr|dAd A= AT X ofu
E7} 30,706.95kcal/m’ REF A2 AUAE AH|eke Ao 2 YEbeth =5 A4
of oA An|FFe] QoM HIEFZR olvEV} HITZIAYEZR olBERL

189,960.38kcal/m ] IUAE ¥ 4:H]|

e Ao ehu,

H7t A3to| H77ES A48 A4= kst (904,104.52-1,094,064.90) +
904,104.52 X 100 = -21% °o|»2 Z2¥%}S&S HA4=Z AR o 23 ATX
OlFEE 2945 g53oth AIEZAYERY AdUYALHFSE d57]E H5HL
2 RS AY, HEx ofgtES Aol B AR YERT

<HE 5.16>% 233 olgES] HAe] CO, ml&% 2Hg ZAzfo|t

<E 5.16> AAl CO, W& (2115)
Aol
T A7 A A 7] A . 9
CO, =4
ATz olgtE 415.09 13.23 13.08 441.41 |kg-CO, /m
HIFEZIYEX
~ 362.56 12.24 24.54 399.34 |kg-CO, /m'
O]—\ E
+52.53 +0.99 -11.46 +41.97 |kg-CO, /m
H]Jj
+14 % +8 % - 47 % +11 % Hl &
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N

>

GAle] CO, WEZFS A A7 Az x ol Eet AIFTIAYEX OB E
oAl A 7 B2 COp 7t W& 2m, 52.53kg-CO, /m o2 7H
1S ApolZ Btk FHy|gAd e HEX olgE} 11.46kg-CO. /miHE
CO, & WlZsl= Ao= et m3h Aol CO, wlZakel] Qo= 2
Tx o}lREV} HEZEZAYEX o}lBEHRT 41.97kg-CO, /me CO, & U] W=
e Aoz yEbg

H7F A3} (441.41-399.34) + 399.34 X 100 = -11% °o|EZ Z3}&S
2 2kgsk o 3.98S 5. AEEZAYERY CO, WMEHEHS A7+ 5
OF HUS A, HEX ofRES] gTo] BEe ZoR UEyt

fu
=N

B2
rlo

L

532 1% ol%E Aldle AAe) BA%s B}

20% o4 30% mlwe] FEE 1% olER BRaglen] old el Ag
A, AERA, s71RAe B4Re 4L Bal Aol AR BAE S
.

1) AaA g4 2k

<GE 517> AAaA 15 Al Aux oluEe HITAYEZR ofntES] A
AHA oA v Abg Aot kAl oluA] AR wwAdy} a7
G Aoz oluEVF ALFAYER ofutECL Hlalste] 706,596.53kcal/m’, °F
98% T W2 oUAE &Hshe= Ao R YEfon, o] Aol= 215y Hals}
o] 489,223.58kcal/m' ¥ =t}

KE 517> AAGA dUiA Av)EF (1F)

w2 |wag| Aaz |ag| T @3] @
N ¢ ° T RPN = (Keal/m)

&7 86.89 [kg/m’ 713,296.16 | Kcal/m'

ATz

oé}thf 2| 766.12|kg/m’ 158,723.96 | Kcal/m' 1,426,698.46
A 50.08 |kg/m' 256,391.55 | Kcal/m'

AL | Yw | 1,578.05|kg/m’ 207,508.14 | Kcal/m’

SAYEZX 720,101.93
oy | H 88.58 [kg/m’ 512,593.79 | Kcal/m'
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o] Ai= 2335 ofE Ahde] Ag- d=x7F 217,372.95kcal/m’, 27% H%=
O AH|gths Aye} vlulsle], dE3xE a5 AU 259 A
$-¢F vjasle] E2ge o 4 ot

<IE 5.18>2 At 1T ol T E Ald HaEx olmtEet HIFTAYEX o}y
E9 CO, #l&H A4 Axlolr), AietA CO, wWiEH nludy} 139 3% 4
% ol EV ALEZAYER oo E W} 142.84kg-CO, /o, 44% A% © B

& CO, & WiEsteE 3o & YErstth

=

<3 5.18> AEA CO, WiE®Z (13)

A Ak A 3 A
TE | AT A | e i 9]
CO, W& (kg-CO, /m’)
R 86.89|kg/m' 271.16 |kg-CO, /m'
ATz
ot g 2| 766.12|kg/m’ 98.05 |kg-CO, /m’ 467.47
I 50.08| kg/nt 98.26 |kg-CO, /m
A | gm=|1,578.05|kg/m’ 128.18 |kg-CO, /m
ZAYEZX 324.63
oyt | 88.58| kg/m’ 196.45 |kg-CO, /nt

0.31kg-CO, /m’, 14%H %= ¢

of A 1% ohnhE Abdlel ¢ HEEI 9
Jastel, AErE nEe 497

B2 CO. & WEstes Ao 1/}1;}11); e

o] Aok vlalste] EElge & 4 ok

2) AN&dA A5 4k
<E 51905 ANF9A 1135 Alg] 3% olgtES} HILZ A EX ofgEY] o
IERY Mﬂak ATt Al F A AR A v A g A dEx

EX o}9}E BT} 13,307.29kcal/n’, 36% %= O B ol
g avlse go® vetth
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<G 519> AFEA elyA Au (LF)

Al A 3 A
B A | ZAFAEE | ke o}o
" PR | A8 99 g e i (Keal/m’)
G AL 86.89|kg/m 27,441.90 | Kcal/m'
qdax
ol dv 2| 766.12 kg/m 11,838.84 | Kcal/m’ 49,784.41
A 50.08 |kg/m’ 10,503.67 | Kcal/m’
A 9w 1,578.05 |kg/mr 15,477.54 | Kcal/m’
ZIYEZR 36,477.12
olme | A 88.58|kg/m’ 20,999.58 | Kcal/m'

FN'

o] A= ZaF ot E Al# e A$-HT} 10,012.91kcal/m' ¥ & ko],

al

o A5 A= x o3 EV} 3,294.38kcal/m’, 8% A T W olUAE AH|sH=
Aoz vehd Ao} wlaste] doxs 159 F9rF 25| B9 Hlalst
o AlFetAl o] el glol B e Ao yebdh

r
)
Q
e
=
v
ol
(2
o
N
_\'1_1‘
o

= AE It Al ZEA CO, WiZEE vlwA
I uFe] AS HEX oy EVF AIEAYER ol E Wt} 4kg-CO, /', 37%
g @Wo] CO, & w&Edt= Ao® eyt o] Ayes 21339 491} 3.01
kg-CO, /m' ¥ & #fo]e]t},

<3 5.20> AlgEA CO, MiEH (A1)

Al 2=k 3t
pe |Aa| aaw (wa | T gy e
CO, W= (kg-CO, /m)
37 86.89| kg/m’ 8.24 |kg-CO, /m’
qdax
ot g s|  766.12|kg/m’ 3.55 |kg-CO, /m’ 14.94
A 50.08| kg/m’ 3.15 |kg-CO, /m’
AL | Y| 1,578.05| kg/m’ 4.64 |kg-CO, /m’
SAYER 10.94
ojvtE | Ht 88.58| kg/mr 6.30 |kg-CO, /nr

o] A¥= 21T oltE A9 g A=Z:x7F 0.99kg-CO, /m', 8% H%E U
2o CO, & WEsls Aoz Yepd Ao} nusdte], A3x:= 1159 4971
ok

xnFe] Aok vastel BTS¢ & duh
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3) #H7IeA G H3 24
<FE 5.21>8 H7|GA 1% ol E Aldle] AFx olulEe} AT FEAGEZX o}
S E oz AH|FF AHA Ato|t), H7|GEA TR Av|E vwAy} 5o F
S HAFZz olgEV} AL I EZR olFE BT} 10,978.87kcal/nt, 20% A% A
2 NYUAE AM|Ehe Aoz YERRT
<E 5.21> H7|GA ovx] 2HF (23F)
w71 €H & A
2 K F | we e
TE | AR A A aqua anz A (Keal/m)
. J7 86.89|kg/m’ 2,610.72 Kcal/m
o};; 2| 766.12|kg/m’ 40,982.22 | Kcal/m' 44,603.28
Az 50.08 [kg/m' 1,002.34 | Keal/m
A2 |gma|1,578.05|ke/m 53,578.20 | Kcal/m'
ZAYER — 55,582.15
ol | A 88.58 [kg/m’ 2,003.94 | Kcal/mt
o] A= 2T ofFE A9 Ag HIx oluEVE 307,706.95kcal/n,
48% AL AUAZ AnH|etE ART 2 grolw, a5 99 Ao} Hlwst
o] AL ol sANE, 3% ol E Al#le] 49 wH7IgA YA Anle lo]A

=

<FE 5.22>= H7|9A &

= HEZx oluEV} HIZEZIYEZR ol E HU}

obst Abgle] A2

Sea Aoz by,

% ojvjEs} @AY ER of

JEQ CO, W& A Aot} CO, MEH v dy 159 45 ATz oty
EVl ASEI Y EX oy E HU} 59kg-CO, /mt, 27% 3= A A CO, & =35}
= Ao2 YERT
<FE 5.22> #H71EA CO, Wi (13)
7] e 3 7
TE A A | B . o9
P | A i CO, "&Z i (kg-CO; /)
37 86.89|kg/m 0.79 |kg-CO, /m'
Iz
o 2| 766.12|kg/m 11.49 |kg-CO. /mt 15.68
HqH 50.08| kg/m 3.01 |kg-CO, /m'
A2 |92 |1,578.05|ke/m 15.55 |kg-COs /m
ZAYEZR 21.56
olvje | 88.58| kg/m 6.01 |kg-CO, /m
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o] A3l= Z2a1% outE Al#|o] A9 HIEZX ofuEV} 11.46kg-CO, /mi, 47%
AL CO, & WiEshe ART 22 o, 21359 259 Ayje} njuste] 3
2 el shANE, 31T ol E AL A9 H7|GA YA auld A= E
X ol EVE AXEZARER oM E HU} {23 oz Yt

4) AR B7R 77}
7 A A AR UA RS wgom Aol ouA] 2P A5

o b,

CE 523> 1F oPME Ald ATz o}HES FTIAYEZ ojEe] B4
of ol U A Zule A4 Aol ),

<GE 5.23> HAl oA A (31F)

- i B ] A4 .
o gaen | Azea | e | SO0 | e

HEIx of9E | 1,426,698.46 | 49,784.41 | 44,603.28 | 1,521,086.15 | Kcal/m'

ALZIYER

B 720,101.93 36,477.12 | 55,582.15 812,161.20 | Kcal/m’
e

+706,596.53 | +13,307.29 | -10,978.87 | +708,924.95 | Kcal/m’

B3

+98 % +36 % -20 % +87 % | Ml

ZF A o] oA AngS B4 A7 HEx olgEt HAIITAYEZR o}y
E RS ANGACA  7PE Be oyt sulEden,  AabdA ol A
706,596.53kcal/m' .= 7 2 ke ApolE Btk H7|GAdAM = dax ol
E7} 10,978.87kcal/m’ R A& AUAE sH|eke Ao vEhgth g A4
of olyAsue] QlojME HIF olnEVF HIEZAYEZR olnERT}
708,924.95kcal/m'e] YA Z o 2H|EE Aoz vy,

H7t Aol Hrr s A8 A2 kel (812,161.20-1,521,086.15) +
812,161.20 X 100 = -87% ©°|P & Z¥I}&S A= AT o 2uF d3F%



obhEE 042 HASHAY, AnaaErd duAanFe 4571F sHoR
Beke A9, A%el 2B FPHUE § B 2o g

= a5 of9tE A HEFx olufESt IFTAYEZR ofutES] WA

<FE 5.24> AAel CO, W& (AL5)

e gaan | oz | aaug | 20 w9
Rl A )1\__ gl Al gl 3| 7 gl - gl
° CO, MZEF
HIEZx ol E 467.47 14.94 15.68 498.09 |kg-CO, /m’
ALZAYEZX
B 324.63 10.94 21.56 357.13 |kg-CO, /m’
olshe
+142.84 +4 -5.9 +140.96 |kg-CO; /m’
=1
+44 % +37 % -27 % +39 % H &

ZF A9 CO, WiEZFS EAe A7 dEFx olvEg} AIIZIAYEZR olnE
T AAtGA A 7HE B2 CO, 7F mlEE Ao, 142.84kg-CO, /mo2 714
#e Aolg B HANBANNE AEx o}ES} 59kg-CO, /mF A
102 et e, dAo) CO, mEF] oM = A=
% o}9tE R 140.96kg-CO, /m'e] CO, & Y wj&3}

m

BN
o
o
m
N
ﬂl}’J
W
rl
U
TR
|m

2 AT A LLgE A5, gRIAAE CO, hETS 3%71%
o8 NP AF, AFE obhE9 Aol W BIW Ao ehuth

5.3.3 &AR3s &4 Hr A3 74

AgA W7rel AN 240 Wy 2 gt mE felE 4] flske] 21
T OFE Atdle 315 obvtE AR E uro] ) STk <GE 5.25>3
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Bt sk @5 foas qa
Aol FiT ol E 2.9

BN R R NI S R R 13 o}l E 0
{5 2 Ao Z21Z olulE 3.9
CO, =% iZ o9 E 1.1

Aol Lebet vl o] Aol oA s HA) CO, wiEFE At
iaﬂe& ol EC] J5g VEHF 5O ks A, T HI F&el gl

R AEx olntErt AEAEN ofE Ntk BEd Aoz vEhyt
35 ofgtE AbESF 23T o}tE Abd|e] Ut AtE wnd A4S, s ot
E AlEy 2313 O}F}E AHEIZE B A 71 Al 53Ol T Al Ao
Uebdet meba] Fpe) R el mEt duxe] #dAd el dedarE
9} mlarsto] %ﬂ?& AE7h s A3t veisith

£
.
i)

o] ztole] AN WA G 7} AAE A&l Qo] <3 5.6>3 <3 5.7>9]
A7 v o geke] shEsith 231F ol E At#e] A9 @ejW A 2AH
AHEEFO] Apol7F AT AR ER olItEVL HF X ofvtES} Hlulste #Hu|E ALE
ol A 811.93kg/m' v+ B A&, HA Al diaiAl= 48.39kg/m R &
AHgsHE Ao ® Butth o] Apole A= o] el ofFf fAF e A9 72
2ol wpe} 2 AR EF glo] Aol zh wbASt= Alo|th, WhH 1T ofuE Al 9
B AT QA AR F] Aolvt AIEFE AT EX ol EVL AEx oy}
Eg} vjusto] gu|E AREZel A 320.59kg/m O Bo] AFRHE Ao® YEEoe
™, "7 Ao A E 65.66kg/mwE AA AMEEE o2 YERY 23159
ARk 71 xpol 7t AA HAYsTh whEkA] WA ApAH AREEF] glo] A
CEIAYER Hrp §-FA0] wolA = £iLF ofHE At O] A9 11 Apolrt A
AT obHE AtglEY 7] Al A dEhve Ao R ddd i
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B J
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_ ol
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(28 58) 21% HIX olvtEY s AFA S H7 23 diagram

(1" 5.8)2 f1¢] B AaE 5 B7FS 370 ok el sk & 670l et
diagram©o.2 UElA Ado|t}, HEIZIgEXR] 7|FASS 5802 39 0-10
A 2792 Wk Avtololn, diagramel A Wi wsh ol AARe Lkl @
AWAG AR B} A BrEae ez vast] g 948 A
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2)

3)

5)

e o AAE AREshE AoR YERor, A iﬂlf_ifﬂ g 7l
A 5HoR & W HIx oI EE 9.6HoRE 5 4%S e e
2 Yehgt

A58 8.0 AFA F7kell glof shgl BIhERl A AuA an|E
b A 2% HAEx o EV ATFAYER ofES} Hlalste] 21%

AFAE Hlshs Aoz yegoen, ddZAYEXS] %

ol we
2 71235 pHoR ¥ u AEX olNEL 2040R Ao BT so
2 Jeit £8, 946 Co, MER W7t 2% 21%F ATx ojEs}

Aoz Ex olntES} nluste] 11% o]Ate] Be CO, = wWjZEsl= Ao
2 Uegton, AZZI8EXY A5 S V45 5dew o w AEx o)
jJrE 39%0; /\4:0] Eﬂ?} Zigi L]-E}‘;}:I:]—

ARA Gkl glo] S4=9] qiilel] wme AfolE &) fldte] S5 FR7F 20
S ol 30% viwk 1% ofmtE A E 2 WHew grisiglt. o At
1E ATZ OME AldE A9 Q40 @A AAALE ] )

I, G380 A AUA e HeiM = 04,
Fell deiM = 11485 2538k

A2 o S e 23 A

% olbERT 235 ojvhEs} 5

3k @20l YolNE 1 OMEQP |

mae] 2uF opEdA AnEUEe AEYE LA 5USl Aol
10 2

Oﬂ, H

SAAAG ZF AR AREF] Qlo] 23T o R E Algo] A9 dejH AT
AAE AL L] Apol7F AL FAYEZ o} EVL Hux ofutES} Halsle]
Hr 2 AbgFol Al 811.93kg/m' U AMRStH, H7ZF A g qqam%
48.39kg/m @ AME3IE Ao R UERYTE 1% olRE Alge AE
ZAYEZR ol EV} AFZE oy E Hr} Hu IS 320.59kg/m2 o AR&-3t
i, A7 AE%E 65.55kg/m & AMEEHE Ao & JERstTh AA] AMEEe] A}
ol= Awe] Al o8 FEF A wet AAAEFF] Apo] 7t B S A

O
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ABSTRACT

A Study on the Environmental Performance Evaluation of

Steel-Structure High-rise Apartment Building

Shin, Hyeon—jin

Dept. of Architecture

The Graduate School of Chung-Ang University
Advised by Prof. Rhee, Eon-Ku, Ph.D.

One of the important emerging social issue of the 21st century is the
environmental crisis. In accordance, international efforts were made to
reduce architectural environmental effects by the means of sustainable
development. Now, more than ever, the necessity of taking sustainability as
an important factor in the selection of architectural material is a must.
Normally, structural material take about 71% in the building material.
Therefore, the type of structure used becomes an important factor on
deciding environmental effects of its material.

Up until now, the selection of structure mainly was reinforced concrete
structure. But as the number of steel super high-rise apartment increase
and the usage of steel/SRC structure extends from office to the residential
building, change in the perception of building structure is evident. More
over, apartment house comprise more than 60% of domestic buildings.
There is a necessity of arousal in change of the current way the apartments
are built, with taking into concern the environmental effects. At the
moment, the study on environmental performance concerning the structural
type is rather scarce. And, the studies previously made about steel framed

buildings is mostly focused on design or LCC(Life Cycle Cost) respects.

The purpose of this study is to evaluate the environmental performance
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of steel super high-rise apartment building. This study takes into account
of buildings that comprise high percentage of steel material and recently
increasing constructions. The evaluation model takes quantity as well as
qualitative respect in to account. Then the integrated environmental
performance evaluation are applied to case studies of steel super high-rise

apartments.

The results of this study are summarized as follows

First, results of developing integrated evaluation model for steel

apartment are as follows:

1) To evaluate environmental performance of steel super high-rise
apartment, main criteria and sub criteria are decided. Main criteria
are 'Resource use', 'Environmental load' and 'Architectural factor'.

And, evaluation model for each main criteria are developed.

2) With field research and data analysis, a unit of energy consumption and
CO, emission to the stage of material production, construction and
demolition are collected. These units are used in the evaluation model
of 'environmental load'. Then, to integrate and quantify of results
which come form each evaluation models, 'weighting factor' are set up

by expert opinion research.

Second, results of case study for integrated evaluation of environmental

performance of steel super high-rise apartment are as follows:

1) Under the criteria of 'Resource use' quantitative evaluation, steel
apartment used about 46% less material per unit area measured than
did the RC apartment. On the scale of 10(RC score set to b5), it

received 9.6, showing an advantageous performance.
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2)

3)

4)

5)

6)

Under the criteria of 'Environmental load' quantitative evaluation, it's
sub categorized LCEC(Life Cycle Energy Consumption) results show
that steel apartment consumes around 21% more energy in relative to
the RC apartment. On the scale of 10(RC score set to 5), it received
2.9 points, showing a disadvantageous performance. And, it's sub
categorized LCCO. (Life Cycle CO» emission) results that steel
apartment emits 11% more CO, than the RC apartment. On the scale
of 10(RC score set to 5), it received 3.9 points, also a disadvantageous

performance.

In order to discern the effect the number of stories have on the
quantitative evaluation, sample(high-rise apartment) was taken from
apartments that had more that 20 stories yet having less than 30
stories. It undergone a same evaluation. And, on the scale of 10(RC
score set to 5), it received 6.8 point for the 'material used per unit
area', O points for the LCEC and finally 1.1 points for the LCCO, .

After comparing the results for the super high-rise and high-rise
apartments case, 'Resource use' as well as the 'Environmental load'
showed that the super high-rise apartment outperformed the high-rise

apartment.

For the super high-rise case, taking the 'material used per unit area'
evaluation in to account, RC apartment used 811.93kg/m’ more ready
mixed concrete than the steel apartment. As for the steel material, RC
apartment used 48.39kg/m’ less than the steel apartment. And, for the
high-rise case, RC apartment used 320.59kg/m’ more ready mixed
concrete than the steel apartment. As for the steel material, RC

apartment used 65.55kg/m’ less than the steel apartment.

The results of 5) explain that 'Environmental load' are the main cause

for a different results with super high-rise case and high-rise case.
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7)

8)

After the analysis of the quantitative evaluation, most of the difference
in material usage per unit area was caused by ready mixed concrete.
In addition, as the building stories increase so does the reduction of
the ready mixed concrete usage, hence we can infer that the potential

environmental performance enhancement can be expected.

'Architectural factor' such as functionality, flexibility and maintainability
of steel super high-rise apartment was analyzed with a survey filled
out by subject matter experts. The results show that on the scale of
10 (RC score set to 5) steel apartment earned 6 points for the
functionality, 7 points for the flexibility and 6 points for the

maintainability.

Each of the 'Resource use', 'Environmental load' and 'Architecture
factor' were given a weighting factor and integrated environmental
performance evaluation was undertaken. The results show that on the
scale of 10 (RC score set to 5) the evaluation produced 6 points,
therefore the tests lead to a conclusion that steel super high-rise
apartment was advantageous to that of RC apartment. (leading by a

point).
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