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Ol LA K| 4B 2 x S TRFOLAX| SAAIZ] / B7HRE
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M YT G TS AFBESTY U VISAE MY SEFW B2 weEI B

= =
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A DTS IROET| BUT, SULT, 25T A4

[28 2-4] £X| (Off-site) AXHAMOILIX] LAk A| SHATASE 1XIOf|LAX] AAEE, a=AHAMRE AH|ZE H A
£7X: 021, (2018). (http://www.kharn.kr/news/article.ntmI?no=8294) (ZA: 2024.1.28.)
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(23 2-5] MZMLX|IAZE 25 Al A7IE U 7HsE QHIEIE
E5; HRZOLKIASE ASAIAL SHO|X] (https://zeb.energy.or.kr/BC/BCO3/BC03_05_003.do) (ZAL: 2024.2.4.)
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Wu et al.(2012) & S THAFFA 71E9] oY A] 4|9} o]AlsFekA: vl &of| that A
N7 1H7HE F1FotFct. A5 A AL 144, 2 9 oA Y o0& o] oy 4]
A9} BRA M ST FRI5t o, & ©AY] oA 4H] H]E-2 85.99%% 7
A Uebeh A5 A @Al S ol A] 4H] 9] 12.32%0]32 71/ 9 SiA] TA|
717} 1.41%, 0.28%F AFASIc g4 WiEe A8 29 AV & 4 viEo
1.29%% 7P &t A% A A DA 4.49%9] ¥18-8 Ho|1 A4 9 4] A
= 7217} 0.55%, 13.67%S AHA|%1).29)
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Peng(2016)2 5= 'HA 2 AS5ES thdoz A2 Aolir7] 5 sk T4 Hi
& AR olE Ydll Ecotect?} AE HE R Building Information
Modeling, BIM) 7142 B35t ASE Aol 9oL vlA|E A91S AEsp] 9
o Wik RS ST, FBA02 29 A} B B o 85 4% AAetol
4 S| 8 AU ERIF. AT HAl= DA wiE2] oF 12.6%E AHA[5HH,
A DAl AA| wiE2] oF 2%E AHAI5k3AT30)

Li et al.(2022)2] Aol A= AP A& 222 E &0 A

“&5‘1—5}”4 2de oowl AT 29 U 4 gk A A 2 9 47 B
/l(])l 1 2

ek oﬂxﬂ ) A8 A o Lfelsget o0

29) Wu et al. (2012). pp.105-118.
30) Peng, C. (2016). p.464.
31) Li et al. (2022). p.17.
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m Demolition and recycling stage = Building materials production stage
= Component preparation stage = Logistics transportation stage
® Installation and construction stage ® Operation and maintenance stage

-4.54% 12.12% 90.72% —

ProjectF
-4.26% 11.30%
ProjectE
-4.00% 10.97%
ProjectD

-4.06% 10.99%
ProjectC

-4.07% 10.98%
ProjectB
-4.11% 10.93%

ProjectA

-20% 0% 20% 40% 60% 80% 100%

(328 2-6] Z1=2| Yo7 |E B HHE HIZ
Z3: Li et al. (2022). p.16.

O OLIX] &2 =22 YoiF7 |8 2HTIAEH

Rock et al.(2020) A& AJoiF7] Bt LA ok= 2A7EA HiES 2AFSH | 918) 650
7H ol/ge] o787t A 7S skl EASHITE 115 23871 AHIE 71RES.
HorE o oA A5 580l =255 2A7IA Hi&o] Hhdhs A4S EHANL
= AR 9] Az E 7hgoflA SAER= ‘AlFE(Embodied) 24712 Bj&EFo] $7t
ﬂﬁt}. Al A= A AYofF=7] 247 viE9 oF 20-25%F AFAISHH oA
80| B2 AL FL H|80] 45-50%F Z7FstAL FHH QA AL 00%S 25
t}32)

Chastas et al (2018) A= 957]9] 58 AE-S ko2 Moj57] % A2 ThA|e] of
|0} gk w50 o8] ZASIT. QA At 4 ——*JOM °ﬂL1 l 582 T2

e HEH AE A1 AU A= 9~22%2] &S AHA|5HaL W Al A gl
o] 3 EFZ A = Sl= A E 2122 32~38%, Xd%ﬁo] AZEERG NG U
2 oA £HIE FRE AAEL A5E A oA AEL 21~57%2] HlE-S AR5
£ 208 vehgrts3)

32) Rock et al. (2020). p.1.
33) Chastas et al.(2018). p.223.
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O A=A, A=5720| OE ASUX|2t 2H7IAEE

Abouhamad & Abu-Hamd(2021) G= A5 AIAEFL] Al o x| 2F Alg 24 7kA
HjEof| thgt AJoll=7187F | A =ZE 7idste] FFo] =2 820 AEsiinh
AR AAE A7 RAA] AlS 875 FFY 2F 90%E AFAIoko] A A GA oA Q] &&
& =olAY ¥ g ARl A Aol FR37ks &SIt

Minunno et al.(2021) A= 8712 ASANE A E, L, 728 4, SA, &
A, SEA, A Al 7HA] AE FBEIHE, BA, ) TAT AlF o x|e} g
A& sl Atsilct. A 21 2 ES SR iAok o U 1E Xt 43%,
oJASHAE F|tf| 68% BT 4= 3o FARE BHby-product integration)< &
3 22 E0|A AURIE Ao 33%, olAEketA Hf 63% A7 7Fs T RT3

O 7= ofid TAlQl 247IAES, HiVIE 22

Wang et al.(2018) A7-= 7= SiA| AYoli5=7] &<t A& siA| |7 |52 @A viE3
7¥7] et 2 ARIAE TSkl 115 FAUES Y OE Tha HiEo] 2 ©
= A WS AEsiinh A A, 34 17159 AZE-2 B H|Eo] Hldl =
2 344 o] Z AFTS HEth IFE2 = oA H71E HA FA419] 0.66%=
AA| AT DTS HD-EoIAS o Xt 45%] T 8ilE A7t 7hsskqiTh36)
Ram et al.(2020) 9= 44 9 2A H7|& 2o thsf vl 7HA] Alue] 28 Aol
7187k AFstoitt. AuE] 2= @ASD 2 w|(S2) Wi w43 olF gl e
S4(S3) € ol = AEE FASHLE A=A A2 AL 4 A HE
= WHsk= thAl AZ-E5HH t7]15 22 6.41kgCO% BIE(S3) R 4.92kgCO0s HIE
($9E &Y & 912™, 89.93MJ(S3) E 66.7MJ(S4)<] 71 oA E A &= Qi3

N o

Liu et al.(2020) @7~ BolF7187 12t 4 OHvz—ﬂ‘ﬂl Agtsto] = 3gAFollA A
7HA w71 A7) Alve]ee] 875 3 FA1A 890 ﬁbﬂ‘»} A 7] AluE] 2=
A w71e WiEsks WA, A wWrleS XH%HLG}O% SAIZ AREShE B4
(S2), EA H7EE Ag-Estol B FHi= ARohe F4l(83) 2 7= o] it A

34) Abouhamad & Abu-Hamd. (2021). p.19.
35) Minunno et al. (2021). p.1.

36) Wang et al. (2018). p.3164.

37) Ram et al. (2020). p.13.
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N7 H AT, S13 H B HL ) S2= 6.790 % 10%kgCO2 THE FAaF oH 529} H]
THLS 1 3= 4.172x10%kgCO T 7} HaFt.38)

Carpenter et al.(2013) A7 A4 9 EA H71&E 3= Alve| oot BRH viEs e
ZAFSIGAT). A A, 214 9 HA w715 wi"olks AR fgEsh= Zlo] B &
OIS gt FAIH o2 vEA A 2 FA w7|2S AL-gota B Aelg H7
AARS: Sf5l] AAT o A% 72 BTU o449 oAU A& A4tk 17F70,000~130,000
£ 2AIA & A A7 LT 39)

_

Hossain et al.(2016) 97 A4 9 27 v\ B3} el 25 e A2 g 2AS 4t
P P P
soick. AR, TG TAL A BAoh 0l TP v 2A7EA whEo] 65%

s, ulA)g ouiA) 2012 58% BTt MRS ALEL ) A 2A4) 4
ek o U4 4415 54%, LAEA WSS 61% SO, &S 46% B7STE O

rﬁ

@ Z2|IjE2|AH0|M(Prefabrication)?| &1}
SGAA A WA= BhAs 2]9] Ao A WA sh= WA g F AlS DA A LAY
ke BhAE XA -ARD AIRH] AE] E8-o 7 THAE 7| 4= k. T vl e

AR RS 250ke 2HA AR AR Y] 540 Al B 25 SAlOIM 22 viE

o] Z7Kalch. 2YA] BT A1 52 Aol 71E Fe|E YA u]sh Az Av]Fe
29 % AT AZOIIAE Z7HIT et S Ao] 2 Frki of7]7] 8
the ojdo] uet 243 "Rt ek

Chou & Yeh(2015)9] d7tollA= 283 @2 14| 2olof mhe g4 viEwol vl
=133 ]

A e DA, 2HA U2 A= 5 25 DACIA 8.44%E AA|5k= 14,

RRR2AL S ACIA 3.58%2] H15S Rt 1 2 Aol F2 Ax, 24,
A2 S0 Ueho M, 53] 294 HEC] 47]2] 240] eha HlEo] 0 919

< ok

38) Liu et al. (2020). p.1.

39) Carpenter et al. (2013). pp.396-406.
40) Hossain et al. (2016). p.67.

41) Chou & Yeh. (2015). p.145.
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Ave et al (20122 Z4] THAT] 26 ABo] 4u]E A S ASIel] 2G4l
UBHA9l A% PR YT 87 A5 ATIHA Tetsisith. 859) FHe )
4 AT ABL 7)E BALE AZ] )5 AR 2912 Hel 789714 %
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Wen et al.(2015) U+~= Iskandar Malaysia Johor Bahru®] A% olE Z-E0] A
1m’ 2] Bie Ao tfjsoff 2P 4] 715 1A @ 2 745 H4AS et 23 29
4] 45 HiAlo] @ 2 WA H T AlF o | A| 9} 2AITEA S 7HA STHOA T &

3] Ak o] 71013 4= 9he-S SHIHTH 40

42) Teng, Li, Pan & Ng. (2018). p.133.
43) Aye et al. (2012). p.159.
44) Wen et al. (2015). p.302.
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2) H=7IHol 2 EtAHEXZ F2445)
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O AXoEX] 28|

Ghaleb & Asif(2022)= 43-8& 1= S04 =T T 28 742 AR
Bjd medly] A, A7 B 285 kWh/mU Z9o] 7}55H, o= 91,122 MWh/
9o A2 YA ofu|gict. E3F 10571 A& AXH BjUdg Al AFlo] A7E2F 72,533
E9| oJalsgtA, 2,159.6 B9 W, 11211 372.7 9] AASHA vES AR 4=

F71E 78 YL 25271 (Domestic solar water heaters)2 WA|oF= T AU A]
MRS ZARSIITE o] 2571 9%t 7,274,910 f2E Horstal oj4lslekA v
& 22,973,400 kg E°l= A& FASIAH47)

18- A AE(2023)2] Aol = DS i of-85to] Aitss A7]vAE 4
SiSick, e SHALHO] BUAE 343
o off 33 W=, A S FA5HA] 29k i) oF 2.
Upepgte )

_llN'

45) 8 SAAY 7ol BEFL o] 24 €] (2023). pp.143-1509] EF-5 L6t
46) Ghaleb & Asif. (2022). p.629.

47) Qerimi et al. (2020). p.1366.

48) 918 AH. (2023). p.36.
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oUA] 5 = FIsl Ht S"—}-rr(Retroﬁ
Ao El= 27] A A & Sl S Al
Aol 7hsshtal ¥t 49)

Blum et al.(2010)2 | 3|EH I A A A}L.0 & 9I5} o|AlslErA v A7ERS 7]
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52 HoiF7| BHUML =B AEEA SEFE MHAF0l M2 EAUIEXZ FA wot o



Cai et al.(2019)2 F= F-AlolA =4 252 o[ A] Ao} Aef 2] o] o] thgh A]
Eﬂol/}i ﬁ:ul— A 633}93‘:}. Buddha &2 A%t ‘:H XﬂJ—U]H g 1.79 ke 01’89}L

kgl

9.35 kg/mzob— H% é@gﬁ IRt o]l Al 151 g 10298z ‘%Eﬁi‘:} 01]‘41

A:H] AlEd|ol A A3 ] AlEr]E B 54 A8 A7 11.53 kWhE HoFeh 4= 9le

] A7 ABEA o] -2 SIAlT vIE T 3.37 Y= LEFTESY)

Pan & Chu(2016)9] Aol M= B30 SSFEHA A 2] =] A|AH9] of L] A]

Ak 71548 BT 47| 2] A|AHo] AX|H olntE L} A E]R] QL ofmtE
& v et 11 Av 2] =2 AJA-ERR Hal 59 8w 9o

oo} AH|El= M 16%E dFirt.59

Li et al.(2019)2] 9I7-= Yuhou Street2h= B} A2|E Al O 2 =4 & A of of

A Y7 2 ol #] EoF Ad52 24T Lliving wall systems(LWS)2] TR

of whet A} ¥z A oqR] Hof Ad5o] thEA YERT.

AN

o] WHEE A AH]

0 EASY Y =XIZ

Zhang et al.(2014)2] Aol A= F=1 #|o]A 9] 16,577 hal] HAE Bol o5 W
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87F3.09 x 108 kWh Zr4sto] H|o]Z] 9] &= v} ofj 1 2] AREEFO] 60% AT BFE

ot oof w2 e ot P HHA] CO, HiEFe AXF a2 243,000
=5l Bt 61kg/hao|th.55

c
=2

Kong et al. 2016} Gulou |229] 5] F71o] H1& ol v]7] 5] v]A)= 2
ZARYTE 574 702 AT DB 7120 0.5°C ASIL A2 A Py
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53) Cai et al. (2019). pp.2441-2442.
54) Pan & Chu. (2016). p.299.

55) Zhang et al. (2014). p.37.

56) Kong et al. (2016). p.1438.
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57) Lee et al. (2015). p.5.

58) Hu et al. (2019). p.615.
59) Chiu et al. (2015). p.6285.
60) Adugna et al. (2018). p.8.
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61) Dong et al. (2018). p.27.
62) Camilleri. (2021). pp.141-161.

63) ASEEA| AU3|FAIAA A7) EH0]A] (https://rrf.seoul.go.kr/content1/kproj1102.do) (HAL : 2
024.5.8.)

64) Vergara et al. (2011). p.87.
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o IR2HI|E 322 multi-level mixed effect linear regression 2O 2 STATAGIA F=H
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O =4 e 2 HIolH

=~

- @3} dolg A71oUA] A8, ZhAoUR] A8, oA A8,
A% B4, A B4, BAE SRR & A8t

[E 3-8] 28 A=A #2 HIolE

W X H|Z

7|0 K| At E=H|0[E{2IZHEIA|AEl (open.eais.go.kr) 20234 18I2E 20234
o ZIAOIHX] AL o X[ Oj|LiX| AL 128K EXtg
< IEWER SMZAZI JI20|HXIINEEA 20239 125E 20234

LR LAR| AR

(1281147 & S IL4X| ALS 1287HK| YRz
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o 20230 HETUATY Tj=H 17| A=Al T T ©
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e B H|
X =X|HAHE =ES SESIEEMHIA EXOSX=S Ht HX]|Q Susiy YK
HIE] EfOZ =X|HAH|SS AME FIE L= Y

S5 GTE B
*OMIE TR 212 §42 (22 3)0) 28

O OlLiX| Al 53 D30l 832 245

239) ARl A55] 9I5te] 2023WE U2 ouiA] Awjeist 248 o) 2]
g |l A% A, A7), k2, W A o|uiX] B B 1-2% vhele] o3
22 vol 0% Leh} o] Aele SR Zlow Busidr

Lrd

[ 3-0] OILIX| A £ B30| MH2 UZ

(E2]: mWh)
= H710fILx] FHA0IHX| L)L X HAIoLX]
=5 EA O4R] 2015 St 3,251.5 317.3 6,219.9 9,788.7
(2023 A= X}12) (A ’ ’ '

22 Y ofuX| AHY B (B)  3,293.5 3125 6,276.8 9,882.8
F &} (C=(B-A)/A) 1.3% -1.5% 0.9% 1.0%

S5 AT By
* DE LRI THPIE mWhE SY510] |23t

78 HOHFE7| BHOIML =R AR SSFE MAF0l| M2 EAUEXZ A wot o



3) WHS & 04X 2% £H

O = SHE 150% o Al AFHS Akt

e Step 1. X8 150% AIsk A| HHZX M} AE
- B E 150% TS 75t 71& 84800 1.58 F7FE A9 71+ 84
E21-405 T 8HE3.0 WA H 4?%2_4_% AR (S-S e =
AHA O] HILE A E} (e, 712 82X E2.1=A9Z210/HAH 2100 —

A% T BHE 3.6=AHZH360/H)AH2A100)

* Step 2. M7i% & Q| HIHA 45} HIE(Rate) *fa
- AAF A 9 AHA §ih vl E(Rate)S AREST) (WA ¥g) HE
Rate=Aj75 AHA/7|& AHZ) (<, Zﬂﬁ% T AWA360/71E AW
210 = 1.714)

* Step3. MUE S
- Step 29| RateZ |8 6}04, AR ASA, 32 S5 Yok STk
A 2B S5 Al ARSI (0, S & F5=71E S5 Rate)
_ o] i 7]= &A B0 1.53;_1:}%37_% OIItE ThA|= QA o] 28] Hrt HA|
- 1% #4480 1520 42 Aol 0 s 4
o] 28} o|A}o & F7| Z7}sl= Atz o]ojAt}. (o1, AA
% =712 55205 % 1.714), (412, A% T A 1704 = 712 4 1“414
100A1H x 1.714)

A
ot
ol
Jg

- Step 4. MZA% 5 712 S ML, HRIBYE & MlThs: A
- A% T BT A0 AR Ho 2 A% 5 A% T Al o
o4 o ATheg i

- 5} gl Mojuia

Aol wte} Z71oe At 8 AESHEE, A § AEL Ws gk
AR L WaP} gl Ao PRI

O Ha A4 Zat

7}'—]\O§

rr

At Ax} ohga} o] mPoA A BE W4T} 24 82% oA+ ST E]
LHERTh

T3 - BYATA TS HOF7|2 B4 BEY 2T 79



I 3-10] THHS 8XE 150% &8 Al MEHS 714 Zn}

= e 7IE(EH) WA= = SUE
8Hs % 173.8 323.8 86.3%
AHHA 10,000 m' 7.057 12.868 82.3%
& g 10.0 18.6 86.3%
M|cH== Mt 690.5 1,290.5 86.9%

= S M = M/ 58.6 110.7 88.9%
CHXIHE & MiCH 5= MITH/m 0.0177 0.0341 92.4%

EX 7T 5y

O A% 5 OL{X| AU £

o] 48] Bl ALGH Aol WalE m= vrodslo] A7 o) ojuhE
SRR IERY Aﬂl%k—%xﬁaiuk 1 AT, s =m0 o X AulE SIS B

2 IS o] oo Ss] 3 S W ol 4
t2 sk B B W] Aok 2] W wAle] A9 ojdfe AT w2
£ 202 oItk AuAo] 57haRrh o] Avlere] 57hgo] e A EgHoiAw
A3 AFwao] LA Aol Wert obAl A9 dgo 2 4= ek

ohitE BA|9] A% S43} oul ] Avlele] AL B Ao] 48olA A4 AE
ssict

[F 3-11] S/0K2'E 2 OMIIE TS X/5 B L oL{X| AH|Y Ha}

(£421:10,000 nt, O|LAX|AHIZ gWh)

HHE OflLIX] AH[ZHCH7 [+ IA+HE)
E/okg . _ . - -
W Fa W E BYUE%)  Wasd MaxZ  BUE%)

g | 124.58 24214 94.4 167.54 320.84 ©il.f5
Nl 42.95 84.55 96.9 59.56 110.47 85.5
FAA 61.82 112.56 82.1 79.52 149.50 88.0
SOk 19.81 45.03 127.3 28.46 60.87 113.9
=555 52.62 97.76 85.8 72.35 136.27 88.4
HE 52.62 97.76 85.8 72.35 136.27 88.4




=95 43.37 84.63 95.1 76.63 123.33 60.9
A 28.88 53.19 84.2 41.48 73.36 76.9
HolEre 14.49 31.44 117.0 36.15 49.97 42.2
Mels 130.81 234.99 79.6 163.26 228,50 40.0
Alg 95.23 168.98 77.5 116.67 148.07 26.9
BRE 36.58 66.01 86.5 46.58 80.42 72.6
LS 41.36 73.08 76.7 70.41 74.86 6.3
K| 11.35 19.33 70.2 14.63 21.89 49.6
HEISE 10.04 17.15 70.8 13.99 20.58 47.1
w2 19.96 36.60 83.4 41.79 32.38 -22.5
oS 150.84 282.69 87.4 202.63 346.60 71.0
Ofst 29.73 63.26 112.8 44.84 95.28 112.5
=23 22.87 49.42 116.1 365.94 77.50 115.
2y 218 3.61 65.8 2.38 5.38 126.0
A0l 28.26 48.37 71.2 46.89 54.65 16.5
=} 67.81 118.03 74.0 72.58 113.79 56.8
olHS 122.60 216.08 76.2 155.94 268.26 72.0
ots 50.51 88.87 75.9 60.85 98.38 61.7
o|ohE 72.09 127.21 76.5 95.08 169.87 78.7
RIS 145.40 248.45 70.9 216.96 343.86 58.
LE| 332 8.92 168.2 4.16 10.75 158.6
2y 36.23 44.11 21.8 44.85 53.54 19.4
NE 22.69 39.73 75.1 45.50 56.89 25.
e 35.43 63.37 78.9 45.65 84.27 84.6
R 47.72 92.32 93.4 76.81 138.41 80.2
| A 81158  1,479.83 823 112570 184251 63.7
BX: GRE MY
* OIIIE EIX) XA £ ZIU= (22 6]0) 22

T3 % EYATA TS HOFTIE B4 HhEY 5T 81



2 71" 558.61 kton-CO2/m'= FH =AW, A75 o] E}66 9% ?7} Zro
2 oy AH|g Z71ET} o|AlslebA wj&eko] 27 2 Ao R Yeyith

A719 A= HiEFe] S7H&0] 76.1%% & HiET S7HR 66.9%S 33]oh= 54
o, & iEF<] 53.84%= 7P 2 HISS A8l BieF SV Adsle 7P 2 &
QIR AL = Yepgt doH A= 56.3%= A7]o| Aol HIsiA = Aria oz 22
7S HolAR & viEFolA AAISh Bl 43.78%=2 FE SO 7]
AehZ Zo|7t et A oA F 7S 2 S7H= Hl A2 81.1%] 7H2 o[ | A]
HETOR, FHAF UA LS ARSE Al 71 5ot STz Hlok &y 7k
AquRlE & &2 2.4%ke AAISHER, 7k o v A] viEe] Sk A e
o 2 YT VAR ZAHAL & 5 Qo o3| AvE AT 4 oliteleta viET
= A s A71ed AL HERel|A] AvlgE &0l ol AEshke 2ol
a3 Aot gt

4378 7 PR
53.84

AL X

LfH H} I
TR L

239

[O8 3-4] TS 2FTHA| oLiX|2IE OfAstEtA HESEF HIZ (TH: %)
X KTl KA

67) & BilA p.76 [3 3-7] 2L

82 YOiF7| BHOIML =R AR SSFE MAF0l| M2 ELAUIEXZ A wot o



H 3-12] 2¢ OIIE A= O1F O[MafEA HiEHN SUSE

(EF9: OJAHBIERA HIZF: kton-CO2/m, S2E: %)

=/0i2 7| oA x| 7tA x| = ol T oA x| 2|
HHEZ SHE HWEY¥ JLE 2 HWEYF SUE 2 HET FUE

TS 49.06 103.9 2.25 131.8 44.25 83.8 Bk 94.6
TR 17.40 106.4 0.78 150.8 14.99 73.2 33.17 90.7
SXI7H 24.52 110.1 0.96 109.5 19.92 76.1 45.40 93.7
ofeF 7.14 80.0 0.51 1563.2 9.34 1275 16.99 105.3
=535 19.96 76.9 1.09 108.6 19.07 93.5 40.12 85.2
CE 19.96 76.9 1.09 108.6 19.07 93.5 40.12 85.2
=235 18.32 66.5 0.89 36.0 17.24 5989 36.45 62.4
M 11.49 84.7 0.49 106.4 10.02 71.6 21.99 78.9
HRIERR 6.83 42.9 0.40 -3.6 7.22 46.0 14.46 425
Meis 45.59 94.5 1.6 71.6 26.46 12.6 73.61 53.8
Al 31.84 92.2 1.09 68.3 15.96 565 48.89 434
SNE 13.76 100.2 0.46 79.8 10.50 58.7 24.72 79.8
=UHS 14.51 33.7 0.42 3.4 8.97 -8.2 23.90 13.7
K| 3.75 99.7 0.12 91.3 2.86 28.1 6.73 61.3
mM3ER 3.71 48.6 0.12 47.8 2.60 46.1 6.42 47.6
£=2 7.06 8.9 0.17 -32.2 3.51 -39.0 10.75 -14.0
OFEtS 50.61 63.3 2.76 74.7 48.58 74.9 101.95 69.0
oqst 11.16 75.2 0.82 129.6 14.60 129.4 26.59 103.0
5 8.42 60.4 0.70 76.3 12.15 147.3 21.28 101.4
=9 0.77 91.9 0.03 45.9 0.78 152.5 1.58 116.4
20| 9.11 8.9 0.44 1.8 7.11 23.0 16.67 14.3
= 21.14 99.5 0.77 105.9 13.93 34.0 35.84 67.7
ojuis 43.55 88.4 1.70 88.4 35.98 63.1 81.23 76.3
Ui 17.52 93.4 0.59 74.4 12.49 45.2 30.60 70.0
OJoiE 26.04 85.2 1.10 96.9 23.49 74.6 50.63 80.3
PSON 59.14 64.1 2.69 87.5 43.98 53.5 105.80 60.0
LE| 1.57 205.9 0.05 210.6 1.54 139.1 3.17 169.3
=g 12.63 46.0 0.15 -28.2 5.49 1.1 18.28 27.8
45 6.83 -2.0 0.48 88.8 8.65 36.5% 15.96 17.7
= 13.35 90.3 0.55 73.3 11.44 82.2% 25.34 86.2
o= 24.75 92.2 1.45 129.9 16.85  69.3% 43.05 83.5

ra
2

A 300.74  76.1% 1334 81.1% 24454 56.3% 558.61 66.9

X I Y
* OMILE THX| MA| £ Zit= [R5 70 =5
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4. OWIFE T A% AT} ofrix] Avle T B4
1) 2Mo 7L

9PA AR S B ofukE WA oulx) ke Sk
QY02 PR o] ofeh T, oA L= Aole el ekt ol
A AAE o2 3 23S ohtE B 4 9

ShE T 9] %2 S4o] 2} o] Aol AR e G n)3] fgo)|E 5
olejgt JBTAS M) Astod 2 QoA 13 A1EE B 122705 oA
o2 Z A7\ AHES FHUSR, AEH EAS AWNSE T HFRAS 4

15k

opo
;g&
o
£

o

N

[ 3-13] OIIE THX| 715 S0 0fl4X] AHIZ 2A 242 2ol F712 OIIE HX|(n=7)

oy |

01§ DORE0IE =24 Y OME HX| Xl
MBS BAE CHPLHE 1
FUHS MIFER RM|, &, M 3
OfEfs  Ohat LRI 1
olls  OtE BEAMY 1
gMs  HE 1EXIS0t 1

=X AT Ay

* 2 BN p.69 [H 3-1]2 A IS 54 thY OFIIE HX|(n=115)0 7229| OIIE HX|E F7}510| n=122

 3-14] OHIIE THX| 245 SAI0} OL{X] AHIZ B 2A0) ARRE 4

72 a¢
HI|OEX]|, FFAGILK], LHIOLAK] ZH2to| BHR|E, 28 AH|Y
Eama OLIX] AR (I X], ZEAO K], HEOLX] | X, 2 AHIE,

EFOIBIE{ES AH|Z
712 4, 8N, HOIM, 742 A 2, CHRIZR 2 MCh &, Mch
o BIX, =X| BN B

[Efe] EXi= 2 E0M p.77 [E3-8]2t Y

o T ofHX] ABIF

= oFHHE ©X| 9] ot A Z7] oUA| ABF2 271 mWhE 2[4 28 85E F]
1,708.1 mWhe] €2 225 HRIth. HE 7| A] &H|Fg oltE ©A] A& o



2 U o] wg A7) 2HEHkWh/m)S Ha 3.92, 4 1.0357E df 14.31
kWh/m'9] ZEE LI},

o 7t Of|LfX] A2
7k AH|EF Elojels AR o] A A7 F 6719] TR S v o R £4
SHAT). ofutE TR AGE 7hA oA A] A 52.9 mWh, B E A 7RA oY
A A2 0.8345 UL, € 7|20 Bl e Al 7] oUA] 28[79] 1/10 4
TO0 = Uepth

o LA L] AHIE

Y o uA] 2B Bt @E DA 512.6 mWhz X%7] o] &HlFe] F S
oF

3-15] OHIIE CIX|H Z&MH4 71284 ZAut
H el N Mean SD Min Max
7| AHIZHTRE, gy mWh 1464 271.0 227.3 288  1,708.1
EtQ| AT 7| AH|2E KWh/m? 1464 3.911 1289  1.029  14.309
TIAAHIZH(EXE, Z4EE) mWh 732 52.9 495 6.3 414.4
THe| HEE TIAAHIRY kWh/ 732 0.834 0.466  0.121 2.950
CEEAHIZHOR|E, €)  mWh 1404 512.6 665.1 134 53275

SAH|E kWh/m* 1404 7.889 6.821 0.519 41.068

* JLAAHIYR FIIAHIZ HOI2 B MY
*¥*M7| AH|Z OO0 N=1,464 = 12274 THX| * 1274€
7 AHIZF HIOIE] N = 732 = 12274 EHX| * 917t 67H IS4 &0l 3t 243)

e AHIZE HI0IE N = 1,404 = 1177 ©X| * 12712

O

28 7|23

EHof 2 12270 oltE TAl= Hit 12.5719] AEE A= o+ SHE
174%9] =220 2 Jjute]Qir}, B2 0 2 AW 70,360 ntofl 59 Aﬂﬂv} 7% SHH, Al
o 105.6 mte] HAT} 33%2] =A] WAL Holct,

86 AOHT7| BEOIMS| LS ASTA| BERE HIS0) T2 SHAMETZ B ot oip



[H 3-16] OHIE THX|E MEHS 7128 2t

Ha e N Mean SD Min Max
HE+ 74 122 12.5 7.5 3.0 38.0
EHE % 122 174.3 80.8 88.0 738.6
A 10,000 m* 122 7.036 5.644 0.738 26.746
A= M = MicH/2iE 120 58.9 53.5 8.5 550.3
CHX|HE S MICH 5= MICH/ mt 122 0.018 0.007 0.004 0.050
Moy & HY m/MICH 122 105.6 37.0 34.6 221.6
=X| HX Hlg % 122 33.2 12.3 1.2 55.8

2) OLiX|HE Y 24 2

i

BE Agaset nhew/Yd Y Ak WY AL s

9

He o

¢

O H7|0IL{X] Abj2 23 24 21t

w34 A}, 848, A% F A 4 54 94 vlgo] 1SS vl Ag

7] o] 4euleo] E715He A0 ekt 2 obheo] $47} 57181 Al

7} £7¥e42 27 11| Auleko] Z7HITH Aol v ojtE T ]

AR A 5, Al G RS ST TR Ag H7]ou %) An|eRe 7t

R —— 157} ol A4 T
]

H-lf 2

>

lﬂOl'

_/':
19 25| vl base) O & SH= G AF AT AF(7~0D) T AL(12~19)
off & 7] oA &), F3} 7hgol AL oy 4H] HH S HojEet

ok A AIHRSE AR, A, Ao, EATRE B4 1] o] Al
EAH0R GOl A Bl

H 3-17] 7] O|UX] AHIZ 29 &4 2t

HEHS Coef. z Sig.

HE=> 0.0025 1.62

SME 0.2658 14.64 **

AN -0.0066 -2.51 *
H3 % SYAEA S HONET | BA WiEY 25 87



= A = 0.0018 13.57 *

X g M =+ -33.4484 -18.27 **
MNich & B=H -0.0075 -21.11 **
=X| HX HIE 0.2835 4.68 **
MY 0t

1&(base)

28 -0.0388 -1.66 +
3 -0.1699 -7.28 **
43 -0.1388 -5.94 **
5% -0.1911 -8.19 **
68 -0.1663 -7.13 **
74 -0.0035 -0.15

8d 0.2202 9.43 **
9 0.0231 0.99

10¢ -0.1758 -7.53 **
(k= -0.1316 -5.64 **
12¢ -0.0805 -3.45 **
Constant 2.1688 31.86 x>
oS HEsat Estimate S.E.

var(_cons) 0.0263 0.01 **
var(residual) 0.0327 0.00 **

EX: AT EY
(** P€0.01, * P€0.05, + P{0.10)

H 3-18] M7|0ILIX| AH|E 28 =3 Zat s

Mo SRITIE( i) 17| Of|L{X] AH|
H2 4 st - BTHEAX QoM oS
HEHH™A N =
Q.K‘Ig 57} d’TEﬂ I:HI:” ﬁﬁﬂ o7|' Ejl_
o °7 7z E4 37 °
oloixy =7t OIIE THX| & QI S7} FIZN
5t 20| Z&5k= MICH 4= 57
AegMys  zpp O oS0l EASIS A+ Sob =}
20| E0IX|7Lt Fo2 WO
XM S M2 57t HZUE 57 A
Mch 2 B2 S0
Mk & eix Bt s worn FAES
=T nOI':l
=X| BIX Hg* Bt S UAR E4 F7t =7t
EX 1 g7l &Y
*=X|HY S2 QEAN0|A B7I2 QIS O|MSIEIA E4 HIHLES 2 Of|LiX| it Z3at 2ast

88 YOiF7| BHOIML =R AR SSFE MAF0l| M2 ELAUIEXZ A wot o



O 7tA OlX| AHZ 28 24 Zt

7h2 oA 2Bl Y Bike WA, E T A = Al 3 A2 oA 7]
o] AT YT FARY AAE HA A& 5, & T A 7 S7HE= 7t
20Ul R] ab]g2 SR Rbd AT Ao 3 w2, SAEAu e IS
SHAHA T R0l A] Av]Rfo] ke AO2 WERHT. 7R off = FHAR] 22
ojE=, At 7} AuFe] Sl 7FE 83 w3el = Aoz s

A9 A = base?l 1~2€0] 7P ARgEFo] Bl oE-71(7~109) 5 7t
U ujgol 49 M2 Aoz FgEr

R %‘%iﬂu}“—%‘ }f&l, A, A, =A] F2A S 7 oA A] At

=2

il

[ 3-19] 7hA OILIX] AHZ B3 24 Za}

HEHS Coef z Sig.
dE 5 0.0067 1.74 +
EHE -0.0458 -1.02
AN -0.0125 -1.96 +
AE Ml = 0.0008 2.51 *
X F M = 5.5935 1.21
Mch & By -0.0065 -7.25 **
=X HY Hlg -0.3902 -2.57 *
HH A 52

(base)
3-4¥ -0.1203 -2.85 **
5-6& -0.2201 -5.22 **
7-8¢ -0.2724 -6.46 **
9-10¥ -0.2656 -6.30 **
11-12¢ -0.1513 -3.59 **
Constant 0.6584 4.32 **
oS #Esa Estimate S.E.
var(_cons) 0.0566 0.02 *
var(residual) 0.1066 0.01 **

BRI
(** P€0.01, * P{0.05, + P{0.10)

lnd

M 3 E - BYUZAl MHAF Yo7 |8 B HEY

3 89

i



H 3-20] 7HAOILIX] A 2 = Zaf oM

AHEHH HRIHE(m) D H7| oy X] AH[Z
HE 5 37t - B7t
FHE=HA XN =
ez =7} S EH O] AR S0t ZAEHX QoM 912)
o= =) HE =A =7 o\c TT—I'c HAE
UHE S+ 371
Y 37t OHIE HX| & HHXM =7t FAE
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TX| 6.98 8.21 0.64 1.48 10.33
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Sk 3.31 3.16 0.43 0.92 451
e, 8.34 9.27 0.90 1.88 12.05
EE 8.34 9.27 0.90 1.88 12.05
=S 7.54 8.56 0.74 1.70 10.99
A 4.60 5.42 0.40 0.99 6.82
HOIERR 2.94 3.13 0.34 0.71 418
ANiE 16.74 22.22 1.29 2.61 26.12
Al 11.46 15.62 0.90 1.57 18.09
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BXE 5.27 6.60 0.38 1.03 8.02

TS 5.31 7.08 0.34 0.88 8.31
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20| 3.62 4.32 0.36 0.70 5.38
B 7.95 10.22 0.64 1.37 12.23
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o 6.64 8.44 0.49 1.23 10.17
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TR 365.80 266.60 17.39 33.17 15.35 10.33 9.72
XM 488.10 354.92 23.44 45.40 21.29 14.43 13.73
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s 194.17 139.09 23.46 43.05 20.96 14.60 13.80
A A 6,776.87  4927.75 334.60 558.61  261.95 177.69  167.68
=X A7 Y

800.00

700.00

600.00

500.00

400.00

300.00

N | Hl‘ ”l

100.00

11K Ml
= ] 2 W E om g @ wowo@ g

E o [ o B B s

|I In
EOE 2 @ @m 9 @ £ m ) op | M0owp | T
= =3 ) =0 T o =% oo o = &3 =3 = Jl
oF = " il o = o
- = 5 5
FoE R MES S OIS U= HAE

WEAE SN RE S

32 4-1] 2L 0S8 offl, 74 Bl Bt 2% S8 171X Z& A| OJLkalEta BiEE (THRl: kton—-CO2/m)
S5 A7 B

112 HOiF7| OIS =2 ASEA| SSFE MAF0l| 2 ELAUIEXZ) FA] wot o



0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00

7|
B JtA mm
LT
o
H2
W = l
o = A mm
ok
\
| ———
T_'“'; e m
= LpaF
e
X')l
1o :
H ﬁrg A -
ne = Ly
(s
7|
o os om
W e
i} =
o I ——
G A m
2 Lt
O —
7|
H oA mm
Uﬁm e
z g W
A ]
LT
e
H —
B kA
%y
N —
HI|  e——
w ™ |
?— ij Jh
B ——
T ——
) FIE
i HEE —
\
7|
T OA mm
= Ly
\
|
A wm
w LpHF
()
I
o :
S
S L
7|
S A om
)
T —
o
7|
m A e
Ly}
(e
7|
w7 m
=
o it
= .
- 7
= kA mm
ST
(s
H| —
JII THA
HE —
7|
IJE It
L —
\
| ——
o '
z ¥ o m
2T Gy —
\
7
”25 A -
Ly}
e
2|
A —
- LpHF
Y
n SN B2 w P REEUFA] AEY e SN RLZEF|A] HEY m AIS(FAR <150)- 840017 |X) S

(72 4-2] 25 012 BtA 25 T |X) S48 Al 2% T2 OJMSIELA HHS 25T B2k kton-CO2/m)
SR AT XY

M 4 - TS oY | Bt HiE M7 et MAl 2 S0t A4S 113



2) Ofiix|e EtA HiE 2= sat

O H7I0Lx|

71| A] 9] 7% A w7215 A8 RS wet S 7| AE A0S 1 ol4tet
&

g iEo] A ASE T A7l A 9] 2 ' v Mg e se tiAE Ve
o] ‘eJRAY, HEH 7|e2] ALag 7HIAIE, uA] a& T AlLH 9 37 =,
o] T "AFAF I} oA & A AL 2 Z7] oA & #Zto] ofet izt

A 27 Aoz F4tE Uk 7oA oA o] &4 & A= Ak Aol
LA Aire 71914 A ag5gollAM ARt Zo] a1t 8]10]H.

H 4-17) 25 0124 WAS 5 S 25 171X M Al H7I0JL{X] OMSIEA HiEE

(2 kton-CO2/ )
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(20234) (FAR +150) SHAl SIxt =3t

T0iS 24.06 49.06 40.68 32.14 30.10
TIX| 8.43 17.40 14.43 11.40 10.69
X4 11.67 24.52 20.33 16.06 15.25
o]l 3.97 7.14 5.92 4.67 416
e 11.28 19.96 16.55 13.07 12.22
S 11.28 19.96 16.55 13.07 12.22
=43 11.00 18.32 15.19 12.00 11.32
M 6.22 11.49 9.52 7.52 7.13
HOIERR 478 6.83 5.66 4.47 4.19
Mz 23.44 45.59 37.81 29.87 28.23
Al 16.56 31.84 26.40 20.86 19.68
SXE 6.87 13.76 11.41 9.01 8.55
LS 10.85 14.51 12.04 9.561 9.05
K| 1.88 3.75 3.1 2.46 2.35
OiFEHR 2.49 3.71 3.07 243 2.33
zs 6.48 7.06 5.85 4.62 4.37
OFES 30.98 50.61 41.96 33.15 30.74
0H3t 6.37 11.16 9.25 7.31 6.61
=4 5.25 8.42 6.98 5.62 4.92
= 0.40 0.77 0.64 0.50 0.48
0| 8.36 9.1 7.56 5.97 5.61
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B 10.60 21.14 17.63 13.85 13.12

0[0tS 23.12 43.55 36.12 28.53 27.10
Y= 9.06 17.52 14.52 11.47 10.92
O[uiE 14.06 26.04 21.59 17.06 16.18
NS 36.03 59.14 49.04 38.74 36.66
LE| 0.51 1.57 1.30 1.03 0.94
=g 8.65 12.63 10.47 8.28 8.04
45 6.97 6.83 5.67 4.48 412
= 7.01 13.35 11.07 8.74 8.28
& 12.88 24.75 20.53 16.22 16.27
A A 170.77 300.74 249.37 197.00 185.43
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[ 4-18] 2T DK XIS 3 BA 25 IH7IX| K42 Al FHAOLK OLABIERA ST

(- kton-CO2/m)

HE X HE S EtA ZIE |7 |X| M

S/itS ?2H(l)_2§'.-5) (FJ;EIF; :-5:0) Al 2_; : =3t
TS 0.97 2.25 1.87 1.87 1.87
TR 0.31 0.78 0.64 0.64 0.64
X 0.46 0.96 0.80 0.80 0.80
oIk 0.20 0.51 0.43 0.43 0.43
ER 0.52 1.09 0.90 0.90 0.90
3z 0.52 1.09 0.90 0.90 0.90
=3 0.66 0.89 0.74 0.74 0.74
ME 0.24 0.49 0.40 0.40 0.40
HotERR 0.42 0.40 0.34 0.34 0.34
MSHS 0.90 1.55 1.29 1.29 1.29
Al 0.65 1.09 0.90 0.90 0.90
SAE 0.26 0.46 0.38 0.38 0.38
+LS 0.40 0.42 0.34 0.34 0.34
K| 0.06 0.12 0.10 0.10 0.10
L3ERR 0.08 0.12 0.10 0.10 0.10
=2 0.26 0.17 0.14 0.14 0.14
oS 1.58 2.76 2.29 2.29 2.29
it 0.36 0.82 0.68 0.68 0.68
=3 0.40 0.70 0.58 0.58 0.58
=g 0.02 0.03 0.02 0.02 0.02
20l 0.43 0.44 0.36 0.36 0.36
B 0.37 0.77 0.64 0.64 0.64
0[S 0.90 1.70 1.41 1.41 1.41
U= 0.34 0.59 0.49 0.49 0.49
(I ES 0.56 1.10 0.92 0.92 0.92
SN S 1.43 2.69 2.23 2.23 2.23
LE| 0.02 0.05 0.04 0.04 0.04
=% 0.21 0.15 0.13 0.13 0.13
4= 0.26 0.48 0.40 0.40 0.40
e 0.32 0.55 0.46 0.46 0.46
e 0.63 1.45 1.20 1.20 1.20
TR A 7.37 13.34 11.06 11.06 11.06
EX: AARE Ay

116 A04%7| BEOIMS| LSHSTA| BSRE HIS0) T2 SHAMETZ B ot oip



0.60
0.40
81T e L.l
L | o Al ||III s |IIII|
\ n ::- 0 @

= g @ :Fl g .4 _? uy ml W z @ llI[ )
-( ic J o F 0 =0 = 4
o- al m S
= =
oIS 55 EES NS TUE OIS ojois arE

20238 wFAR-150% mEd w2 mEf

(33 4-4] 2 012 BtA 25 I7|X] X Al 7120 X] O[&kalEtA BHEZ (2Hl: kton-CO2/m)
BN X7 2

O

HolUAE oUA] 28 A5E F20] dale Ad8a 70 tiFZolld 4=
= A 5= Sl olu Aol TiA| B 7|& S A wi7]A] A8 A] 60% 1
T iSO 55, AE R 7|go] F7Hd B mi71A] A8 Al Y wfj7| =] 9]

231 grollA thAl 70% ol S S Ao= ekt

B 4-19] 2 OFSE MZS 5 B4 25 T7IX] M2 Al 0ILIX| OSSR S

(=2 kton-CO2/m)

HE X HE S EtA Zi= Iij7|X| M2

/0 gtl)_z?'—.;) (FTE igO) sl ﬂg & =3t

0I5 24.07 44.25 17.52 4.36 4.36
T 8.65 14.99 5.93 1.48 1.48
SX7H 11.31 19.92 7.89 1.96 1.96
SIQF 4.1 9.34 3.70 0.92 0.92
=255 9.86 19.07 7.55 1.88 1.88
e 9.86 19.07 7.55 1.88 1.88
=35 10.78 17.24 6.83 1.70 1.70
M 5.84 10.02 3.97 0.99 0.99
HRIERR 494 7.22 2.86 0.71 0.71
MNeis 23.51 26.46 10.48 2.61 2.61
Al 16.89 15.96 6.32 1.57 1.57

M4 F- TS Qo7 |8 B HHE X Yot HA S s HE 117



A= 6.62 10.50 4.16 1.03 1.03

SIS 9.77 8.97 3.55 0.88 0.88
K| 2.23 2.86 1.13 0.28 0.28
WEL 1.78 2.60 1.03 0.26 0.26
n= 5.76 3.51 1.39 0.35 0.35
oS 27.77 48.58 19.24 479 4.79
OH5t 6.37 14.60 5.78 1.44 1.44
221 4.91 12.15 4.81 1.20 1.20
2y 0.31 0.78 0.31 0.08 0.08
Aol 5.78 7.11 2.82 0.70 0.70
Zi 10.40 13.93 5.52 1.37 1.37
olHs 22.06 36.98 14.25 3.54 3.54
ot 8.60 12.49 4.94 1.23 1.23
Ol0HE 13.46 23.49 9.30 2.31 2.31
RIS 28.65 43.98 17.41 433 433
LE| 0.65 1,54 0.61 0.15 0.1
2y 5.4 5.49 218 0.54 0.54
N2 6.33 8.65 3.42 0.85 0.85
HE 6.28 11.44 453 113 113
ot 9.95 16.85 6.67 1.66 1.66
R 7 156.46 244.54 96.82 24.09 24.09
S Tl &Y

25.00
20.00
15.00
10.00

5.00

0.00

I (L} J
) 43 .‘-;

| —

= g*_ W B oW op luI ‘nT o om g @ w W
: i =& @ S R =
o & i m &
= =
s =55 TEF NS Flis OIS 0j0iE HAE

w2023 wFAR+150% mt w3E mEd

[ 4-5] 2 OIS B U= 117]X] =& Al HL0LX] OfMeEtA HHERF (2: kton—CO2/m)
EX: Q17T &Y

118 HOiF7| BN =2 ASEA| SSFE TS0l 2 ELAUIEXZ FA] wot o



3) Ii7|X| M A| TX|H ZEB S8

7|& ZEB JASA w2 F718 A5=0] 5552 27| Heide olvA aesH
1+ 58, S ST A7 S ofUA] 287 90 kWh/miyr H|RE 7|22 S35l
YA A E 20%5 2 '3H°F At 20259 149 197 285 5 A=o|xd=
= UBTAI=OIME S8 1A oA 2853 o[U A AL E F 2 7k AEst
of TS ‘Rl l H7E 0, ofof| wet Ao A& B85l A ES =0
< AT oA 287 Sole A9 F 7] HZol 7hssHAl HAH.

2 Ao g 4= w71 2= A olldA] ABAkE S1t ol WA AHEE 20%E 7P
X 1712 A& Al 57 JAFAES] ZEB 524 715 olv] S5, A 71019 A
42 7gof] AP A] idwgol Hhg= o k. wehA 7] 2] 28
ofZo] wt AP El= 13t olUA] 2832 59 I5Al0l 282 A5 g5 = %le
ZEB S&°] 2o & ot AAS A3 &, 7P 7124 )] S 7| RS A8 RS

o 85 4= 1= ZEB 552 Hlalsto] Ba g5 Wj7|X]9] avE 45ttt

=

IH‘

[ 4-20] E5! ZEB Q1N It 7|=(Qh

S38 17 0UX| AR ZEE oux|
= al= =
1= oiLiX| XHEE =2 HIZ=HE 22| A|AE Hl
ZEB Plus  120% O] -10 OJ2t =70 OJ2F
oIz MFA|
ZEB1 100% Ok -10 0 1003t 70 OJAF-30 |2t O]
ZEB2  80% Ol 1001430 0/8t 30 0J4 10 OJat NEE E=
MEIQD sag 1
ZEB3 60% 0|4t 30 0|4 50 Oj2t 10 Ol 50 0|2t 4K
BN
ZEB4 40% OJAf 50 0[4 70 O|2t 50 OAF 90 OJ2t L2283
B Jhs
ZEB5  20% OA! 70 0/At90 0|3t 90 OJAF 130 OjBt °

X REUSF UASYRIES. (2024). p.12

AN715 o) SHA o A] AH|ERS AW EH, 73.12 kWh/nyr 2 ZEB 565
78S 55k oFds BURL 34| EFEE A lﬂoh RE A7} ZEB 57 71E
< 3o et A2 Soll= 7120 555 7ee WY oFd s B1hE 39X
EF] U3} SHA A S ARTA] Q] A eHAL S, ddjotntE St s FE0kS WAL
#8410t E O] 63Lo] ZEB 55+ 7152 B4 ’6‘} o 71 9] IR S-S BT ZEB 5
71%& 355 Zohe A 0E YEhT:

_;

N r

M 4 - TS oY | Bt HiE M7 et MAl 2 STt AS 119



T 4= A 712 E A8 Alole 23 oFE TR JA7EZEB 558 VISR
OF 2 AT ol A] &8 o 8302 S5k, & 26702 @AV 4w
71EE, 0 dA7F 3622 e 5 23, Hul7]A] A 8Rto 2 12} oy
| 288 SHOAE A SR ZEB 56+ 7158 35T & AL, 45+, 3557t
= A= 3lo] Sdu7]A)9] ayido] AFEAHAL & 4 Tt
o, & Aol ARSRE HP2 1 oRtE B A St o= 5 RE 22 A 7
' oputE ] H oM ] A= LA HeH 2 o AR, T
A 71808 A7 Hihe F A S5 A0 ofl|A] &
EJRE Al 71H &l it 24 A=' 83k Zlo] AET Ao

H 4-21] 25 OMIE BRI SHATH7|X| 8 Al EHIRIEIT OIL{X| AHIZ % 53 ZEB 53

(OIAX] AHIZ Tl kWh/mfyr)

A

H s 5

H

S/0IS/0MHE £X] 20234 8XE 150% BT A §7|X] B8

[ F-1

OILX| AH[ZF  OUX| AHIZ  ZEBSE  OUX| AHIE  ZEB S&

OIS 134.48 132.50 = 73.68 -
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ofoF 143.67 135.16 - 71.00
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STEGHX| 131.66 150.84 =9 82.00 5585
FS6TX| 162.93 133.65 =9 71.36 555
FZHX| 140.14 144.40 sa¢ 80.41 585
=83 176.69 145.73 - 80.49 =
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ME 124.81 97.24 = 58.32 =

Al 122.52 87.63 = 53.95 =
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MASE M IR NS 2 Y7 || B B8 171X B
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wies  wies . wied o wied o
TS 179,616 149,570 -16.73 118,938 -20.48 114,152 -4.02
TR 188,641 156,970 -16.74 124,784 -20.50 119,863 -3.94
X 198,906 165,565 -16.76 131,574 -20.53 127,098 -3.40
SIoF 124,416 103,798 -16.57 82,778 -20.25 77,549 -6.32
ER 150,352 125,304 -16.66 99,768 -20.38 95,041 -4.74
SE 150,352 125,304 -16.66 99,768 -20.38 95,041 -4.74
=35 211,257 175,806 -16.78 139,664 -20.56 134,787 -3.49
Mg 198,489 165,220 -16.76 131,301 -20.53 126,728 -3.48

Yal
’s
m
Ho

236,967 197,125 -16.81 166,606 -20.61 151,014 -3.61

MiS 204,277 170,019 -16.77 135,092 -20.54 130,631 -3.30
Al 196,691 163,729 -16.76 130,123 -20.53 125,738 -3.37
2AE 224,350 186,663 -16.80 148,241 -20.58 143,577 -3.15
+US 214,810 178,752 -16.79 141,992 -20.57 137,607 -3.09
P22 233,597 194,331 -16.81 154,299 -20.60 150,001 -2.73
oI3ELR2 237,069 197,210 -16.81 166,573 -20.61 162,360 -2.70
s 196,761 163,787 -16.76 130,169 -20.53 125,635 -3.48

126 WOHE7] TEOIMS| =S HSEA BSTE HAS) T2 EAUISHZ S ot o1



OfES 163,311 127,757 -16.67 101,706 -20.39 96,887 -4.74
oSt 127,870 106,662 -16.59 85,040 -20.27 79,696 —6.28
=3 115,219 96,172 -16.53 76,753 -20.19 71,444  -6.92
=g 221,663 184,435 -16.79 146,481 -20.58 142,381 -2.80
=il 155,242 129,359 -16.67 102,971 -20.40 98,741  -4.11
= 197,334 164,262 -16.76 130,544 -20.53 126,149 -3.37
oS 202,730 168,736 -16.77 134,079 -20.54 129,727 -3.25
=] 222,164 184,851 -16.80 146,810 -20.58 142,459  -2.96
O|jiE 191,492 159,417 -16.75 126,717 -20.51 122,365 -3.43
PN 183,010 152,384 -16.73 121,161 -20.49 116,658 -3.72
LE| 373,873 310,648 -16.91 246,189 -20.75 239,652 -2.70
=2 354,687 294,738 -16.90 233,621 -20.74 230,609 -1.29
oE 118,911 99,233 -16.55 79171 -20.22 74,851 -5.46
HE 186,511 155,287 -16.74 123,454 -20.50 119,006 -3.60
ot& 161,113 134,227 -16.69 106,817 -20.42 101,936 -4.57
o 182,056 151,593 -16.73 120,536 -20.49 115,915 -3.83
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TR -31,5670.57 -32,186.46 -4,920.54 -63,757.03 -68,677.57
X4 -33,340.98 -33,991.40 -4,476.19 -67,332.38 -71,808.57
SIoF -20,618.01 -21,020.23 -5,229.04 -41,638.25 -46,867.28
a5 -25,047.90 -25,536.54 -4,726.61 -50,584.45 -55,311.06
=E -25,047.90 -25,536.54 -4,726.61 -50,584.45 -55,311.06
=33 -35,450.41 -36,141.99 -4,877.81 -71,592.40 -76,470.21
e -33,269.76 -33,918.79 -4,572.81 -67,188.55 -71,761.37
ZOLELR -39,841.77 -40,619.01 -5,492.02 -80,460.77 -85,952.79
ME -34,258.31 -34,926.63 -4,461.65 -69,184.94 -73,646.59
Al -32,962.65 -33,605.70 -4,384.88 -66,568.35 -70,953.23
BXE -37,686.78 -38,421.98 -4,664.79 -76,108.76 -80,773.55
*US -36,057.24 -36,760.66 -4,384.69 -72,817.90 -77,202.59
2UX| -39,266.18 -40,032.20 -4,208.22 -79,298.38 -83,506.60
m3ERR -39,8569.13 -40,636.71 -4,223.32 -80,495.83 -84,719.16
TE -32,974.62 -33,617.90 -4,533.49 -66,592.52 -71,126.01
OfES -25,653.23 -26,051.72 -4,818.87 -51,604.95 -56,423.82
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ohst -21,207.91 -21,621.64 -5,344.14 -42,829.55 -48,173.69

=r -19,047.14  -19,418.72 -5309.30  -38465.87  -43,775.17
2y -37,227.73  -37,953.98 -4,099.59  -75,181.71  -79,281.30
0| -25883.07  -26,388.00 -4230.11  -52271.07  -56,501.18
= -33,072.44  -33,717.62 -439467  -66,790.06  -71,184.73
0luis -33,994.06  -34,657.21 -435168  -68,651.26  -73,002.94
o= -37,313.42  -38,041.34 -4350.50  -75354.76  -79,705.26
ojofE -32,074.61  -32,700.33 -435237 6477494  —-69,127.30
S -30,625.90  -31,223.36 -4503.16  -61,849.26  —66,352.42
LE| -63,22524  -64,458.65 -6,636.93 -127,683.80  -134,320.83
2y -69,94823  -61,117.71 -3,011.92 -121,065.94  -124,077.86
A= -19,677.68  -20,061.55 -432026 ~ -39,739.23  -44,059.50
= -31,223.86  -31,832.98 -4,44855  -63,056.84  —-67,505.39
e -26,885.88  -27,410.38 -4881.16  -54296.26  -59,177.41
TA| A -30,463.00  -31,057.27 462079  -61520.27  —66,141.06
SR GTEl Ay

@ 7IA0UR 27 =8

O 7tAQs Al

1=

o FEIZ FAL IIARS=[7 |2 QS +ARS B TI HAHZZ| LA H[]X1.1 (R EX[A)

AREE A o R, YA L a3 0 ot
At A7) TAMIE 1053 vlut QuARE| 0] v 8-S a o] ZyEn, FEge
718 8:30] mgHol 3 n} 69 33 ol AYr|S AX5PA B4 & 4 glonz, JjE

250 ZdE= Aor Ht

[ 4-27) Z7|= 8 A 712 71203 o Algyea
71=23(3/5) AISYRI(R/MJ)
1,200 22.5593

X : 2T AIZIAYS| ZT0|X|. (http://www.citygas.or.kr/info/charge.jsp). (FAY: 2024.9.4.)

7t2o A 8 4t ARt ofrtE TR 9 52 E49] gl AN BAE HAE A

68) 371 EAIZEA 3F7 A42A3T

128 HOiF7| BN =2 ASEA| SSFE S0l 2 ELAUIEXZ F2] wot o



Ak AAZ T B 58.49%, SHCZE 7,513.03 Y S7Hohe A 0= Yepyitt 9
A mf7]2] 28 Al AAE T QFHET HF 14.08% HAsH, FHO2E=1,057.77¢Y
agit). 7EAo | A= A wj714] A8 Alofgt AAStE R, 7hAQ -2 A4,

F3 714 BF Yk,

14,000.00
12,000.00
10,000.00
8,000.00
6,000.00
4,000.00
2,000.00 | | I|
0.00
W ___ s op l_‘i = O |'l|| i |1|[ ) J{' w oy
3 &0 T<:_ c:'_ ?mr I|' = P W e
oF = i m =
=] =]
s BES FYS  MEE | 4US oftS ol0KS BAS

BHAE E eSS Y 071N m SRR mER 07K

(22 4-7] 2 OFS B4 25 I7IX| B Al B2t 1A (219 B)
EX: AT 2

E 4-28] 2 OIS MAUS R W7 IX] 2 A| Mo & 22t 7125

(¢t o, SUE %)
g A 71X HE

&/0E JrQa 3 =701 -2 a3 Q3 Ztaol T~

e 3UE - - 3UE
TS 7,635.66 3,5691.20 88.79 6,556.95 -1,078.72 -14.13
TX| 7,776.13 3,882.12 99.69 6,673.42 -1,102.71 -14.18
SXI7H 7,300.53 3,125.55 74.86 6,279.06 -1,021.48 -13.99
ofeF 8,123.98 4,117.19 102.76 6,961.86 -1,162.12 -14.30
=255 7,566.95 3,252.66 75.39 6,499.97 -1,066.98  -14.10
CE 7,566.95 3,252.66 75.39 6,499.97 -1,066.98 -14.10
=gs 9,221.60 2,091.65 29.34 7,872.01 -1,349.59  -14.64
ks 7,776.65 3,328.00 74.81 6,673.86 -1,102.80  -14.18
HOIERR 12,131.41 -398.09 -3.18 10,284.83 -1,846.59 -15.22
Meis 6,658.20 2,226.62 50.24 5,746.43 -911.76 -13.69
Al 6,480.56 2,093.88 47.73 5,699.14 -881.42 -13.60
SXNE 7,128.25 2,577.88 56.65 6,136.20 -992.05 -13.92
=UHS 6,055.43 157.06 2.66 5,246.62 -808.81 -13.36
QK| 7,225.10 2,818.14 63.95 6,216.51 -1,008.59 -13.96
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m3ERR 7,147.16 1,883.52 35.78 6,151.88 -995.28 -13.93

2 505955  -1,77970  -26.02  4,420.83 -638.72  -12.62
EH 771128 273229 5483 661965 -1,091.63 -14.16
oSt 848535 404517 9110 726151  -122384  -14.42
=3 862339  3,160.18  57.84 737597  -1247.42  -14.47
2y 747050 193526 3496 642000  -1,080.51  -14.06
Aol 7,037.11 101.83 147  6,060.63 -976.48  -13.88
=} 6,822.18 282998 7089 588240 -939.77  -13.78
WS 7,390.88 284788 6269 635397  -1036.91  -14.03
ot 701459 247141 5323  6,124.87 -989.72  -13.91
SIS 756065 306558 6835 648645  -1,06419  -14.09
MRS 770068 297701 6302 661086 -1,089.82 -14.15
LE| 10766.34  6,39851 14683  9,14461  -1611.73 -14.98
2y 464156  -1,302.00  -21.91 4,074.24 -667.32  -12.22
AE 768627 299476 6383 659891  -1,087.36 -14.15
He 726042 251161 5290 624497  -101445  -13.97
RS 852857 407331 9143 720735  -123122 -14.44
EE 751303 751303 5849 645526  -1057.77  -14.08
S5 o7 Ay
® HLHHX| 25 =8

FEIE HUE RF=[P|I22=+MEFRF]X1.1(R2IPIX[M)

B2 Ao A=Ay %/\F’ﬂ’\i ey Oﬂ‘—ﬂ 7\] s LSRRI sl
A

oLl Aol thet 239l AaTE T A 71X 218 A] - A g2t o

o
AR 2-G Alofl= A T S _aHT Bt 55.74%, &4 H714] 28 Alofl= o

69) =R GtiFAF EH0]A]. (https://www.kdhe.co.kr/kdhc/main/contents.do?menuNo=200270).
(AMY: 2024.9.4.)
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Alf7]12] G aFETH Bt 62.01% 7HAgict S37] 29 a2 A7 x|ek 2
=
FHo R AuHH A& T T2 Hit 91,552.649 S7161H, S 0f7]4] 28
Al 77.530.88¢, S wj7]A] A& A 115,706.629 4RI,
E4-20] 293 57| 7|203 ¥ MUz
712238/ ) AFRZ23(8/Mcal)
HAHA e 52,408 115.59

EX : =X HAZA EH 0| X|. (https://www.kdhc.co.kr/kdhc/main/contents.do?menuNo=200270) (ZAfY:

2024.9.4.)
H7128-Tg off 2

*

400,000.00
350,000.00
300,000.00
250,000.00
200,000.00
150,000.00
100,000.00

50,000.00

Mhhhﬁlmﬁhhhh@ﬁmtmmmh

0.00 Il
= ol og i J
=i o w = Mo =
oF &l i ::T =
g BIE BEE | MEE L= OIS 1= BhE
WEHE H mAHE S(FAR+150) mEHA IRF|K|  wEEHIEPIR] mE3I§R|R
[12) 4-8] 25 DK ErA 215 T7IX| XS Al H2H HRF (29 #)
X A7 2
[H 4-30] 2Y 022 M= 2 7 |X M Al M & 22H 223
(B9 2F &, ZLE %)
W et Wkab-gd S 7| X HE 2 7| X| =
=/or2 = = =
s/ I gez % gpg W gen  WE
348 348 34
T0lE 81,854.49  151,050.58 84.54 66,226.97 -56.16  24,460.33 -63.07
TR 86,932.68 151,878.68 7471 66,774.56 -56.03 24,869.81 -62.76
X1 85,709.79  151,325.77 76.56 66,5642.07 -56.03 24,795.09 -62.74
SOk 65,675.48 149,147.02 127.44 64,685.35 -56.63 23,096.94 -64.29
5535 68,831.26  132,829.03 92.98 57,903.68 -56.41 21,010.89 -63.71
=E 68,831.26  132,829.03 92.98 57,903.68 -56.41 21,010.89 -63.71
=43 114,150.56  184,621.06 61.73 80,189.49 -56.57 28,768.01 —-64.12
H 4 - THAS HOlEE7 | A HiE X2 Wt HAl 2 st 2E 131



ME 93,623.80 161,407.19 72.40 70,676.98 -56.27  25,862.72 —63.37
HOIENR  155,486.90 231,368.65 48.80 99,646.96 -56.97 34,638.76 —65.20
MS 98,565.04  115,692.21 17.38 53,450.53 -53.80 22,803.11 -57.34
Al 97,662.82 98,173.76 0.52 46,444.28 -52.69 20,973.00 -54.84
SXE 100,952.42  162,048.09 60.52 71,989.89 -b5557 27,6456.78 —61.60
FLULS 133,098.47  128,490.68 -3.46 58,733.19 -54.29 24,385.03 -58.48
UX| 129,638.17 169,681.55 30.89 75,947.62 -55.24  29,793.60 -60.77
OI9ER2  106,852.69  158,052.77 47.92 70,562.86 -55.356 27,483.35 —61.05
s 146,042.35  97,278.69 -33.39 45,017.13 -52.80 20,627.00 -55.08
OFEs 78,118.00 137,344.68 75.82 60,669.36 -55.91 22,750.73 —62.43
ohat 66,747.03 152,418.82  128.3b 65,652.51 -56.99 22,780.06 —65.25
=¥ 61,285.51 150,425.82 145.45 64,397.55 -57.19  22,037.74 -65.78
=9 85,094.87 208,288.55 144.77 90,042.22 -56.77 31,818.45 —64.66
0| 90,859.85  114,528.63 26.05 51,203.63 -b6b6.21 20,157.09 -60.70
=1 91,879.83  126,162.26 37.31 5794519 -b54.07 24,366.51 -57.97
ojois 96,066.85  157,590.21 64.04 69,696.80 -55.77 26,418.61 -62.09
U= 102,676.41  151,408.71 47.46 68,143.77 -54.99  27,14461 -60.17
O|ofj= 92,244.84  161,164.69 74.71 70,594.85 -56.20 25,998.80 -63.17
RS 82,271.02  127,236.51 54.66 55,947.87 -56.03 20,845.77 -62.74
LE| 144,139.14  347,461.11 141.06  153,103.55 -55.94 57,403.06 -62.51
=9 146,005.72  150,103.43 2.81 68,493.26 -54.37 28,308.90 -58.67
4= 99,210.88  137,271.51 38.36 59,304.48 -56.80 20,913.98 -64.73
= 82,074.00  149,320.44 81.93 65,540.09 -56.11 24,287.15 -62.94
orE 59,716.39  102,019.57 70.84 44,73418 -56.15  16,527.19 -63.05
s 88,012.37  139,091.80 58.04 61,660.92 -55.74 23,385.18 —62.01
S 7T Ay
[ 4-31] 2 012 NS 2/3 2 I7IX) M Al 82 203 52
(Et91: 2)
57t za
s/0tg W% B3 TS $—-344 Ay RE 2
T01s 106,382.12 84,823.61 41,766.64 126,590.25
TR 104,925.38 85,104.12 41,904.76 127,008.88
X4 104,645.75 84,783.70 41,746.99 126,530.69
IRk 112,391.40 84,461.66 41,588.42 126,050.08
=55 95,317.56 74,925.35 36,892.79 111,818.14
SE 95,317.56 74,925.35 36,892.79 111,818.14
=3 124,339.68 104,431.57 51,421.48 155,853.05
132 HoHE7| 2E0lMe] LB AT Al SSFE TR0 M2 SAHIEXZ A ot o



M 111,062.43 90,830.22 44,724.25 13b6,554.47
HRIERR 151,077.11 131,821.69 64,908.21 196,729.90
Meis 62,017.62 62,241.68 30,647.43 92,889.10
Al 45,022.35 51,729.47 25,471.28 77,200.76
arE 106,989.10 90,058.20 4434412 134,402.31
FUS 58,952.63 69,757.48 34,348.17 104,105.65
QK| 100,767.68 93,733.93 46,154.02 139,887.96
o9ERR 100,362.06 87,489.91 43,079.51 130,569.42
z= 22,316.04 51,361.57 25,290.13 76,651.69
OfES 94,574.81 76,785.33 37,808.63 114,593.96
it 115,761.89 86,866.31 42,772.45 129,638.75
= 116,673.49 86,028.27 42,359.80 128,388.08
=9 161,019.89 118,246.32 58,223.78 176,470.10
20| 66,442.99 63,235.00 31,136.54 94,371.54
= 75,195.10 68,217.07 33,5689.68 101,806.75
i 105,499.63 87,893.41 43,278.19 131,171.60
U= 95,280.21 83,264.94 40,999.16 124,264.10
OJiiE 111,409.05 90,569.84 44,596.05 135,165.89
PSS 83,485.60 71,288.64 35,102.10 106,390.74
LE| 262,097.89 194,357.55 95,700.49 290,058.05
=g 74,723.50 81,610.17 40,184.36 121,794.53
45 86,513.38 77,967.03 38,390.50 116,357.52
= 104,573.16 83,780.35 41,252.94 125,033.30
e 69,736.43 57,285.39 28,206.98 85,492.37
A A 91,552.64 77,530.88 38,175.74 115,706.62

@ 7 |XE 2 =24 S
w7128 A S-S FHoto] v EH, A4S T olvA] a5=e Y W72 =

Bt 54.25%, S W71 A= Fat 55.65% EHEH A

= 24

Hat 33.18%, T #7| A=

H 4 - THZAS HoliEE7 | A HiE X2 ot HAl 2 §3t 25 133



H 4-32] 29 0R2Y B4 XNZ Ii7|XE oUX] 23 & XA 0% 2F H| 242

(291: 2)

AU 71X S 7K & WX
&/
auxi g  HAE(%) - AUXIE  HAE(%) HAUXIE  HAE(%)

J0ls 222353.7 -34.27 149954.8 -656.67 145169.0 -57.09
MK 230418.5 -33.83 156327.3 -55.10 151406.7 -56.52
FAA 238386.6 -33.32 162648.2 -54.51 168172.0 -55.76
o]l 175445.2 -37.72 112836.6 -59.94 107607.5 -61.80
=TaS 189707.9 -34.75 127278.5 -56.22 122551.9 -57.85
EES 189707.9 -34.75 127278.5 -56.22 122551.9 -57.85
=33 263867.8 -34.86 176304.4 -56.48 171426.6 -57.68
M 242470.5 -34.05 163827.5 -55.44 159254.7 -56.69
ZRIELR 306957.3 -36.11 201430.1 -58.08 195038.0 -59.22
MBS 229215.9 -29.82 163641.8 -49.90 159180.2 -51.27
Al 215772.2 -28.40 156695.2 -48.00 1562310.3 -49.46
A= 264789.5 -32.71 182023.4 -53.75 177358.7 -54.93
S 242732.2 -30.52 171623.4 -50.87 167238.7 -52.13
QK| 276495.3 -32.64 190309.1 -53.64 186100.8 -54.67
o3ERR 273924.5 -31.91 190208.3 -52.72 185985.0 -53.77
e 214124.8 -28.41 155216.8 -48.11 150683.3 -49.62
OlEs 194936.5 -34.67 131076.1 -56.07 126257.3 -57.68
ot 179475.8 -37.85 115081.7 -60.15 109737.6 -62.00
=¥ 167945.3 -38.77 106166.7 -61.29 100857.4 -63.23
=9 280897.1 -35.78 184719.3 -57.77 180619.7 -58.71
20| 186713.1 -32.55 129188.5 -53.33 124958.4 -54.86
B 228089.3 -30.95 160782.0 -51.33 156387.4 -52.66
0|ois 244786.8 -33.43 166851.4 -54.62 162499.7 -55.81
OtE 259119.5 -31.93 180079.0 -52.70 175728.5 -53.84
YIS 236498.8 -34.34 159202.4 -55.80 154850 -57.01
His 214943 -32.40 148617.6 -53.26 144114.4 -54.67
LE| 472895.8 -35.40 312736.6 -57.28 306099.7 -58.19
=g 367305.9 -27.90 266003.8 -47.78 262991.9 -48.38
4= 165136.2 -37.42 106684.2 -59.57 102363.9 -61.21
e 227072.3 -33.82 153986.4 -55.12 149537.8 -56.41
o 186258.8 -31.44 130641.4 -51.91 125760.3 -63.71
g 219609.6 -33.18 160376.6 -54.25 145755.8 -55.65
X A7 AY
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Carbon Emission Reduction Policies

SUMMARY

throughout the Lifecycle of Buildings for
Reconstructed Apartment Complex of Old

New-town

Kim, Sungjoon
Park, Sungnam

Choi, Gayoon

This policy research was conducted at a time when the redevelopment of aging new
towns is necessary, particularly as redevelopment and reconstruction policies are
increasingly being driven by the private sector. It emphasizes the need for measures to
achieve the overarching goal of carbon neutrality. For the early new towns, referred to
as aging planned cities, to transition into carbon—neutral cities, it is critical to develop

not only technical solutions but also policy alternatives that induce carbon emission

reductions throughout the entire lifecycle of buildings.

The first part of the study reviewed literature and policies related to carbon emission
reduction in aging planned cities. The findings can be summarized as follows: Carbon
emissions from buildings can be divided into operational carbon, which is emitted
during the operational phase, and embodied carbon, which is generated during raw
material production, transportation, construction, and disposal. The proportion of
carbon emissions by lifecycle stage shows that approximately 30% of emissions occur
during the construction phase, and around 70% during the operational phase, with

recycling construction waste reducing emissions by about 0—2%.
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Reducing operational carbon emissions is essential for increasing energy
self-sufficiency, which necessitates the production of new and renewable energy.
Therefore, it is necessary to consider both the installation of passive systems like
insulation and active system technologies like high—efficiency boilers, as well as the

production of new and renewable energy.

Next, policies, technologies, and planning techniques that could serve as benchmarks
for reducing carbon emissions in aging planned cities were selected based on their
proven effectiveness. Among domestic and international policies related to carbon
emission reduction, green building certification programs have been shown to effectively
reduce energy consumption and greenhouse gas emissions in buildings. Furthermore,
using a framework for planning tools, the study categorized technologies and planning
techniques identified in case studies and classified those applicable to reconstruction
projects as follows: First, in terms of energy transition, there were renewable energy
installations, smart grids and energy storage, energy—efficient buildings, district heating
and cooling, electric vehicle charging infrastructure, waste—to—energy facilities, and
carbon capture technologies. Second, technologies related to carbon sinks included
green roofs and vertical gardens, urban farms, building—integrated urban agriculture,
rainwater management infrastructure, and urban resilience infrastructure. Third,
regarding resource circulation, there were waste recycling and carbon emissions trading,
and in terms of management, there was the establishment of energy management

systems.

In the midsection of the research, a model was developed to predict energy consumption
based on the architectural structure and site design of Bundang's apartment complexes.
This model estimated the total energy consumption and carbon emissions that would
result from an expected 150% increase in floor area ratio during future reconstruction.
The study then applied technologies and design techniques derived from prior research
and case studies to estimate changes in total energy consumption and carbon emissions,
assessing how much carbon reduction could be achieved and how these results could be
linked to policy alternatives for apartment complex reconstruction. The results are

summarized as follows:

First, the lifecycle of 122 apartment complexes in Bundang was divided into three

stages: demolition, material production and construction, and operation. Carbon
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emissions were calculated for each stage, and reduction measures were proposed.
Carbon emissions from the 'demolition' and 'material production and construction'
stages were calculated using a basic estimation method based on anticipated material
quantities. The demolition stage emitted approximately 24.06 kton—CO2/1t’ of carbon
dioxide, while the construction stage, assuming the maximum increased floor area ratio

of 150%, resulted in an emission of approximately 420.43 kton—CO2/ .

Carbon emissions during the 'operation’ stage were estimated based on projected energy
consumption under various scenarios, comparing pre— and post—application of
reduction measures. The model accounted for variables such as building and
socioeconomic characteristics. The results indicated that, following redevelopment,
electric energy consumption would increase by 73.9%, gas energy consumption by
83.8%, and heating energy consumption by 54.9%. Consequently, post-redevelopment,
the Bundang apartment complexes under analysis were estimated to emit a total of
558.61 kton of carbon dioxide, a 66.9% increase compared to the pre—redevelopment
total carbon emissions. The change in total floor area was 82.3%, and the change in
energy consumption was 62.1%. Among the total carbon emissions, electricity
accounted for 300.74 tons, or about 53.8%, while gas accounted for 2.4%, and heating
43.8%.

Next, considering lifecycle energy consumption and carbon emission reductions, 22
reduction elements were identified within five major categories—Resource Recycling
Specialization,” 'Sustainable Construction, 'Renewable Energy, 'Energy—Efficient
Buildings,' and 'Climate Change Adaptation and Carbon Sink Expansion'—based on
expert FGI (Focus Group Interview) feedback and applicability. Three reduction
packages for energy consumption and renewable energy production were proposed:

'Core, 'Expanded,’ and 'Comprehensive.'

The estimated reduction results from applying these package elements are as follows:
First, during the 'demolition’ stage, based on the current construction waste recycling
rate, which approaches 98.9% with only 0.8% being landfilled, carbon emissions from
demolition could be reduced through 100% recycling of construction waste. Next,
during the 'material production and construction' stage, assuming a maximum recycling
rate of 25% as incentivized, a reduction effect of 1.64 kton, 25% of the initially
calculated 6.57 kton carbon emissions during material production and construction,

was estimated. Finally, during the 'operation’ stage, carbon emissions were expected to
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be 558.61 kton before applying the carbon reduction package. After applying the core
package, emissions were estimated to reduce to 261.95 kton, 177.69 kton with the
expanded package, and 167.68 kton with the comprehensive package. In summary,
applying the core, expanded, and comprehensive packages could reduce carbon

emissions from redevelopment by approximately 53%, 68%, and 70%, respectively.

In the latter part of the study, based on these findings, policy measures for reducing
carbon emissions in the reconstruction of multi-family housing complexes were
proposed. The summary of the results is as follows: The policy goals proposed in this
study are suggested from three perspectives: environmental, social, and economic
sustainability. Detailed policy measures regarding the goals and directions were listed
and specified through expert FGIs, and were summarized into three key items: 'Tncentive
Provision Measures, 'Activation of Certification Systems, and 'Securing On-site Space

for Facilities Related to Carbon Emission Reduction and Carbon Sinks.'

First, in terms of incentive provision, it is necessary to utilize floor area ratio relaxation
as an incentive, but also to consider integrating financial support measures such as
subsidies and tax deductions. Second, regarding the certification system, it is necessary
to go beyond the current mandatory Zero—Energy Building Grade 5 certification and
introduce measures like reducing acquisition and property taxes after Grade 4
certification, while providing income and corporate tax deductions to suppliers.
Additionally, public support for the costs associated with obtaining certification during
construction is needed. Lastly, in terms of securing on—site space for facilities related to
carbon emission reduction and carbon sinks, it is worth considering new standards and
regulations for installation obligations, designating carbon—neutral cities and providing
support, and establishing specific types of carbon—neutral facilities under the

supervision of the Ministry of Environment.

The significance of this study lies in four main aspects: First, it estimates current carbon
emissions in 1990s new towns centered around apartment buildings from a lifecycle
perspective and develops a model to predict future carbon emissions based on these
estimates. Second, assuming the maximum floor area ratio permitted under the Special
Act on Aging Planned Cities, it quantitatively estimates the increase in carbon emissions
using the model developed in this study. Third, it selects passive and active technologies
and policies applicable at this stage, proposing unit standards for the amount of carbon

emissions that can be reduced in urban and architectural fields, and providing examples
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of the potential carbon reduction that can be achieved in the future. Finally, it offers
various policy ideas for guiding the reconstruction of multi—family housing complexes
into eco—friendly buildings with high levels of carbon emission reduction elements,

focusing on special laws connected with multiple regulations and policies.

Given the current market structure, increasing density through higher floor area ratios in
full-scale redevelopment is inevitable. This leads to greater carbon emissions during the
lifecycle stages of demolition, construction, and operation compared to the existing
structures. Therefore, as reconstruction begins in each complex in the future, efforts
from both private and public sectors, as well as suppliers, are required to create
high—level eco—friendly buildings by applying energy—saving, resource—circulating, and
carbon reduction technologies across the entire lifecycle of buildings.

Keywords :

Old New-town, Carbon Emission Reduction Policies, Lifecycle Assessment, Energy Consumption
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Appendix

(€2 3] 24 1Y 1517 OHLE THX[2| tHX|HE, ASHA, AHA, A= X 242 5

’ ’

(2L ', M, 5

&/0F2/OHE &X| CH XA el Y Mici UESF

T0|S(227H THXI) 783,731 149,402 1,245,803 13,133 271
THX|0EES(7) 277,350 52,717 429,466 4,434 96
1| HRRMAE 61,312 9,156 89,409 976 18
XA 55,183 9,011 116,841 882 15
ag 33,449 10,647 32,305 464 21
EXE RS 7,475 2,549 7,381 112 7
RHME 57,082 8,208 104,382 1,124 17
{4,248 24,799 8,375 21,822 108 8
FI2HX| 38,050 4,771 57,326 768 10
SXPHorE(11) 338,213 52,181 618,250 5,915 94
10EXMEHS 44,630 6,011 67,791 498 9
1MHRZZ 10,787 1,929 18,121 216 4
12HXI=3 43,550 4,825 66,692 905 10
1EHXICHE 35,940 5,923 75,468 778 12
2HXILG 45,091 7,592 95,119 888 15
SHXRIBIAH 39,783 7,064 102,079 964 13
SR 42,500 7,698 87,182 932 14
6TRINY 22,223 3,567 31,263 208 5
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TER[2t0|Z 22,863 3,082 32,667 222

SEHRIHIY 17,549 2,531 23,672 172

9TtX|S0t 13,297 1,959 18,196 132

50t0L2(4) 168,168 44,504 198,087 2,784 81
BEHX| 46,306 6,830 76,618 1,489 16
1= 54,946 20,770 49,358 324 38
ZFEELK| 29,775 3,552 39,193 779 8
sl0[EH 37,141 13,352 32,918 192 19
ZZE(107 ©X)) 300,982 44,041 526,173 6,409 87
H2012(10) 300,982 44,041 526,173 6,409 87
10450t 19,849 2,948 28,995 204 5
THXAE 19,651 3,173 40,651 492 7
1CXINZ S 19,107 3,086 39,509 408 7
2CHRIQASIOI 29,455 4,530 54,232 624 9
RI= N 30,464 5,741 63,362 768 11
TEHR[A 29,825 4,283 61,302 454 10
SEHX|CHY 43,106 7,225 88,600 716 13
TRAARCHR| 25,211 3,260 38,259 474 9
FZ6LK| 46,319 5,137 56,490 1,249 10
ZZILHK| 37,995 4,658 54,773 1,020 6
2C=(7 TX)) 275,085 52,016 433,674 4,156 97
AH0FS(4) 162,097 26,301 288,762 2,777 52
=4 39,111 5,107 56,386 582 10
|z 39,136 6,190 82,625 796 10
A 40,632 7,203 58,645 588 18
4 43,218 7,801 91,106 811 14
ZIOtEr2(4) 112,988 25,715 144,912 1,379 45
1y 55,517 7,517 90,004 747 15
HH3R 13,323 4,278 12,928 144 8
HYTA 20,175 6,208 18,821 224 11
shalztolz 23,973 7,712 23,159 264 11
MBE(17H ©X)) 736,392 139,005 1,374,814 11,507 217
AHEX|4) 491,693 95,808 952,273 7,769 129
AsHA 122,378 20,401 228,351 1,781 34
XM 114,397 25,814 219,225 1,874 32
slot 132,721 21,500 267,459 2,419 32
i 122,197 28,003 237,238 1,695 31
SXHE(7) 244,699 43,197 422,541 3,738 88
e 9,417 2,909 9,416 144 7
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CHRLHE 41,821 6,424 66,734 802 M
S0f 43,098 7,873 78,012 574 14
et 43,613 6,709 76,143 632 17
4 49,267 8,121 93,981 732 15
e 9,582 3,061 9,482 144 8
Gl 47,901 8,100 88,773 710 16
LIS 671 X)) 360,856 57,734 729,971 5,515 99
2X(1) 53,146 7,490 113,550 768 15
2EHRHA 53,146 7,490 113,650 768 15
IS ERR(4) 196,770 31,895 416,796 3,025 47
CHE 47,402 7,683 100,407 748 1"
=4 56,448 9,150 119,667 841 13
SRl 44,088 7,146 93,387 638 1"
AMet 48,832 7,916 103,435 798 12
TEOE(1) 110,940 18,349 199,625 1,722 37
HAAEUY 110,940 18,349 199,625 1,722 37
OFEFS(307H THX]) 889,674 170,765 1,518,958 16,042 324
0HSHIHS(10) 234,245 50,526 307,803 4,345 109
AF1RE 17,902 5,666 16,989 248 12
SRHEX]| 26,467 3,602 43,548 562 8
SR 49,189 7,255 98,717 1,185 19
CHAm I 10,685 3,637 10,637 12 6
SHAF2x} 17,205 5,716 16,432 240 13
FS3HA| 45,448 6,672 46,004 851 16
FI4HX| 26,244 3,621 34,965 643 8
3+ 13,691 4,759 13,473 136 8
il il 16,5699 5,823 16,441 252 1"
ISR 10,815 3,775 10,697 116 8
SH0E(11) 177,016 42,083 228,666 3,657 85
SK 11,167 2,305 20,086 276 6
CH& 11,489 3,463 11,463 172 7
CHA3TK] 14,588 4,397 14,505 216 10
= 11,483 3,747 11,414 124 7
o2 9,945 3,170 9,944 108 5
g 12,319 3,958 12,095 136 8
e 14,643 2,379 24,599 294 5
FS1HK| 44,140 7,113 60,138 1,460 14
2l 13,091 2,782 21,668 269 6
o 13,759 2,119 22,977 278
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spgzx| 20,392 6,650 19,777 224 12
A0|0rE(2) 134,107 22,613 282,574 2,832 43
1HRISE 37,384 6,150 75,519 696 15
BLIX[BICH 96,723 16,463 207,055 2,136 28
Ei0r2(6) 334,751 54,318 678,140 5,142 83
1HXME 51,022 7,469 102,033 976 18
2CHX|HR 46,259 8,887 97,102 654 14
3TX|EM Y 119,445 18,238 253,164 1,166 22
5THX|SO} 7,655 2,482 7,632 115 6
BER|H A7 XA O}

e 85,493 13,390 181,946 1,530 13
= pNE 24,877 3,852 36,363 701 10
ok t2(1) 9,555 1,225 21,775 166 4
ERYEy 9,555 1,225 21,775 166 4
0|t (1571 X) 640,215 104,716 1,257,374 10,676 217
OFE0HS(5) 272,723 46,174 536,467 4,146 91
1,2, 3 XL SHIENY 97,729 17,857 185,954 1,380 31
ATHX|FAAS 75,703 12,175 149,901 1,132 27
SLIXIZE 54,751 8,842 111,208 876 19
BTtX|MA 17,033 2,453 31,336 370 6
o2y 27,507 4,847 58,068 388 8
0[0H=(10) 367,492 58,542 720,907 6,530 126
10EHXIAY 72,512 12,327 142,422 1,162 31
11CEX|ARE 35,746 5,955 70,033 572 12
1HX=22 26,101 3,941 55,192 588 9
2CHX[SHAl 45519 6,787 95,745 1,184 14
3EX|SA 29,436 4,921 56,163 460 10
FCIXIESEIQE 18,213 2,741 38,601 264 4
BT 50,265 7,192 87,702 710 15
THXIER| 20,000 2,864 32,504 304 5
8LIX|ZIE 40,385 6,467 86,565 828 15
9HX|S A 29,315 5,347 55,980 458 11
HREE(207H HX]) 708,565 130,933 1,497,632 15,832 217
LE|ORE(1) 37,277 12,909 33,236 200 17
A 37,277 12,909 33,236 200 17
AZ0I2(3) 113,576 20,560 226,925 2,793 48
1,2HX2t0]1Z 34,545 5,627 69,999 466 10
Ki=PN 52,250 10,053 107,922 1,762 29
ATX| A=Y 26,781 4,880 49,004 565 9
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HES() 207,869 32,230 397,961 3,738 64
SOMEHX| 21,599 3,662 43,624 300 7
ASBBHK]| 31,656 5,594 68,003 634 10
SHATK] 18,757 3,106 39,891 270 7
L6 THRISOR2EX| 64,546 9,437 112,322 1,412 18
SHEIBTX| 20,181 2,931 38,678 298 7
SHI7HX 17,805 2,794 32,566 382 6
SITIBTX| 33,325 4,706 62,877 442 9
SEEORS(7) 297,305 38,362 477,220 7,406 76
1HXET 54,033 6,052 83,845 8568 16
2HXILG 40,603 6,805 86,052 598 12
|G 29,333 3,279 45,451 416 8
AHRFEES 56,281 7,401 83,357 1,651 3
SEXIFES 45,046 4,995 76,773 1,166 12
6HXIFS 20,736 2,754 35,951 1,039 12
THXFES 51,273 7,076 65,791 1,688 13
ot es(2) 52,638 26,872 362,290 1,695 12
ZoralA 18,721 11,937 138,273 624 4
OfO|It=Z 21 33,817 14,935 224,017 1,071 8
A Al(12274 THX]) 4,695,500 848,612 8,584,399 83,270 1,529

EX:

=

ASS0Y U 20234 ASBINTL 71217 17| MEA| H2HS0| B2Y
2515 U 2 IS AISHOIM BA X2 B

9Bt EAX) 24 Y 4 151 7|
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Appendix

[£H 4] 22 OHIIE BIX|E SHA| THA| O|LtstErA S L5(

Sy B 7=

=

(249 kton-CO2/m)

iR AT

[yl |

&/0FS/OHIE HX| (1,000 ) ol 25 2| £

T0IS 1,245.8 21.71 2.39 5.87 29.97
7| 429.5 7.49 0.82 2.02 10.33
1HRIHRREME 89.4 1.56 0.17 0.42 2.15
SHXRA 116.8 2.04 0.22 0.55 2.81
ag 32.3 0.56 0.06 0.15 0.78
ST 7.4 0.13 0.01 0.03 0.18
=RHME 104.4 1.82 0.20 0.49 2.51
4,24 21.8 0.38 0.04 0.10 0.53
FI2HX| 57.3 1.00 0.1 0.27 1.38
SX7H 618.2 10.78 1.19 2.91 14.88
10EHRIE-EHS 67.8 1.18 0.13 0.32 1.63
1MHRZZ 18.1 0.32 0.03 0.09 0.44
12HXIF3 66.7 1.16 0.13 0.31 1.60
1EHXICHE 75.5 1.32 0.14 0.36 1.82
2HXILG 95.1 1.66 0.18 0.45 2.29
SHXRIBHAH 102.1 1.78 0.20 0.48 2.46
SR 87.2 1.52 0.17 0.41 2.10
XA 31.3 0.54 0.06 0.15 0.75
THXZ0|1Z 32.7 0.57 0.06 0.15 0.79
XM 23.7 0.41 0.05 0.11 0.57
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S/0HS/0HE X (1,000 ) SHA| 25 X2 2

9HX|SOL 18.2 0.32 0.03 0.09 0.44
ofeF 198.1 3.45 0.38 0.93 4.77
6THX| 76.6 1.34 0.15 0.36 1.84
ey 49.4 0.86 0.09 0.23 1.19
FS5HX| 39.2 0.68 0.08 0.18 0.94
Sl0EY 32.9 0.57 0.06 0.16 0.79
ER 526.2 9.17 1.01 2.48 12.66
& 526.2 9.17 1.01 2.48 12.66
10=XISOt 29.0 0.561 0.06 0.14 0.70
1HXAE 40.7 0.71 0.08 0.19 0.98
1HXMESE 39.6 0.69 0.08 0.19 0.95
2EX|IQHsR 54.2 0.95 0.10 0.26 1.30
SEXBkEL 63.4 1.10 0.12 0.30 1.62
THAGH 61.3 1.07 0.12 0.29 1.47
8HX|CHA 88.6 1.64 0.17 0.42 2.13
SF25HA| 38.3 0.67 0.07 0.18 0.92
F36HX| 56.5 0.98 0.1 0.27 1.36
FS9HX| 54.8 0.95 0.11 0.26 1.32
=88 433.7 7.56 0.83 2.04 10.43
M 288.8 5.03 0.55 1.36 6.95
4 56.4 0.98 0.11 0.27 1.36
20| 82.6 1.44 0.16 0.39 1.99
o5 58.6 1.02 0.11 0.28 1.41
4 91.1 1.59 0.17 0.43 2.19
HOIERR 144.9 2.53 0.28 0.68 3.49
AY 90.0 1.57 0.17 0.42 2.17
AH3RE 12.9 0.23 0.02 0.06 0.31
AZFu 18.8 0.33 0.04 0.09 0.45
ghelzto|z 23.2 0.40 0.04 0.11 0.56
Meis 1,374.8 23.96 2.64 6.48 33.08
Al OB288 16.60 1.83 4.49 22.91
il 228.4 3.98 0.44 1.08 5.49
24 219.2 3.82 0.42 1.03 5.27
oY 267.5 4.66 0.51 1.26 6.44
=l 237.2 4.14 0.46 1.12 571
SAE 4225 7.36 0.81 1.99 10.17
e 9.4 0.16 0.02 0.04 0.23
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six AEy

s/oig/omEBR ot s 22 | A7

CHRCHE 66.7 1.16 0.13 0.31 1.61
S0t 78.0 1.36 0.15 0.37 1.88
ast 76.1 1.33 0.15 0.36 1.83
g 94.0 1.64 0.18 0.44 2.26
Pl 9.5 0.17 0.02 0.04 0.23
| 88.8 1.55 0.17 0.42 214
FUS 730.0 12.72 1.40 3.44 17.56
K| 113.6 1.98 0.22 0.53 2.73
24 X|E+ 113.5 1.98 0.22 0.53 2.73
oI3EHR 416.8 7.26 0.80 1.96 10.03
= 100.4 1.75 0.19 0.47 2.42
24| 119.6 2.08 0.23 0.56 2.88
Aof 93.4 1.63 0.18 0.44 2.25
Aot 103.4 1.80 0.20 0.49 2.49
zE 199.6 3.48 0.38 0.94 4.80
HANEMY 199.6 3.48 0.38 0.94 4.80
OIS 1,519.0 26.48 2.92 7.15 36.55
ot 307.8 5.37 0.59 1.45 7.41
HYRE 17.0 0.30 0.03 0.08 0.41
SEANEX| 43.5 0.76 0.08 0.21 1.05
SER2EX| 98.7 1.72 0.19 0.46 2.38
CHam g 10.5 0.18 0.02 0.05 0.25
SAAG2RE 16.4 0.29 0.03 0.08 0.40
FEITX| 46.0 0.80 0.09 0.22 1.1
F3AHX| 35.0 0.61 0.07 0.16 0.84
a4+ 135 0.23 0.03 0.06 0.32
AL L 16.4 0.29 0.03 0.08 0.40
S| 10.7 0.19 0.02 0.05 0.26
=& 228.7 3.99 0.44 1.08 5.50
SK 20.1 0.35 0.04 0.09 0.48
o 11.5 0.20 0.02 0.05 0.28
CH 3K 14.5 0.25 0.03 0.07 0.35
= 1.4 0.20 0.02 0.05 0.27
o 9.9 0.17 0.02 0.05 0.24
gt 12.1 0.21 0.02 0.06 0.29
g 24.6 0.43 0.05 0.12 0.59
FZ1TX| 60.1 1.05 0.12 0.28 1.45
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S/0HS/0HE X (1,000 ) SHA| 25 X2 2
il 21.7 0.38 0.04 0.10 0.52
o 23.0 0.40 0.04 0.1 0.55
Skgezlx| 19.8 0.34 0.04 0.09 0.48
=g 21.8 0.38 0.04 0.10 0.52
SHEEAFI 21.8 0.38 0.04 0.10 0.52
0| 282.6 4.93 0.54 1.33 6.80
1HXSE 75.5 1.32 0.14 0.36 1.82
SCHX|BHLH 2071 3.61 0.40 0.98 4.98
i 678.1 11.82 1.30 3.19 16.32
1EHXHE 102.0 1.78 0.20 0.48 2.45
2EHX|< 97.1 1.69 0.19 0.46 2.34
SHX|EY 253.2 4.41 0.49 1.19 6.09
5EX|S0t 7.5 0.13 0.01 0.04 0.18
SUxIML7ExIZE 181.9 3.17 0.35 0.86 4.38
Ot A

8HXIFS 36.4 0.63 0.07 0.17 0.87
0[S 1,2567.4 21.92 2.41 592 30.25
U= 536.5 9.35 1.03 2.63 12.91
1,2,32X[HFsty

Efcy 186.0 3.24 0.36 0.88 4.47
AT |FLRS 149.9 2.61 0.29 0.71 3.61
5TXIZH 1M1.2 1.94 0.21 0.562 2.68
6ERIME 31.3 0.55 0.06 0.15 0.75
THX2d 58.1 1.01 0.1 0.27 1.40
OO 720.9 12.57 1.38 3.40 17.35
10X 142.4 2.48 0.27 0.67 3.43
11 EXA3 70.0 1.22 0.13 0.33 1.68
1228 55.2 0.96 0.11 0.26 1.33
2EHX[SH 95.7 1.67 0.18 0.45 2.30
3EXSH 56.2 0.98 0.1 0.26 1.35
STASRIRE 38.6 0.67 0.07 0.18 0.93
BEXIET 87.7 1.63 0.17 0.41 2.1
THRIER 32.5 0.57 0.06 0.15 0.78
8HAITIE 86.6 1.51 0.17 0.41 2.08
9EXISH 56.0 0.98 0.1 0.26 1.35
His 1,497.6 26.10 2.88 7.05 36.03
LE| 33.2 0.58 0.06 0.16 0.80
agud 33.2 0.58 0.06 0.16 0.80
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six AEy

&/0k2/0HILE TR (1,000 ) S| 23 L] AH

29 362.3 6.31 0.70 1.71 8.72
ZYU|A 138.3 2.41 0.27 0.65 3.33
Ot0| I I 2L 224.0 3.90 0.43 1.06 5.39
A= 226.9 3.96 0.44 1.07 5.46
1,2HX2t0|1Z 70.0 1.22 0.13 0.33 1.68
3THXIRAN 107.9 1.88 0.21 0.51 2.60
AR 49.0 0.85 0.09 0.23 1.18
ESI= 398.0 6.94 0.76 1.87 9.57
SOH x| 436 0.76 0.08 0.21 1.05
MBISEX| 68.0 1.19 0.13 0.32 1.64
SMATHK| 39.9 0.70 0.08 0.19 0.96
MBSO 112.3 1.96 0.22 0.53 2.70
SHRIBTX| 38.7 0.67 0.07 0.18 0.93
SHRI7EX| 32.6 0.57 0.06 0.15 0.78
SHRISTX| 62.9 1.10 0.12 0.30 1.51
ot& 477.2 8.32 0.92 2.25 11.48
1HRIHT 83.8 1.46 0.16 0.39 2.02
2EHXILG 86.1 1.50 0.17 0.41 2.07
STHX|BHY 455 0.79 0.09 0.21 1.09
AHRFZ 83.4 1.45 0.16 0.39 2.01
BEHX|IFZ 76.8 1.34 0.15 0.36 1.85
eHXIF3 36.0 0.63 0.07 0.17 0.86
THXFS 65.8 1.15 0.13 0.31 1.58
Hx| A 8,584.4 149.63 16.48 40.43 206.54

BH : ¢RI Y
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Appendix

[ 5] 22 OHIE EIX| SXIF 150% A8 M2IS 2441 B

(4]: kton-CO2/m)

W% &
s/olg/omE BY  olmm RiTgat 28 A2 A7
(1,000 rr)
F0IS 2421.4 977.08 14.12 26.83 1,018.03
TX| 845.5 341.17 4.93 9.37 365.47
1EHX|REHME 181.4 73.19 1.06 2.01 76.26
XM 199.6 80.55 1.16 221 83.92
Ug 82.5 33.28 0.48 0.91 34.68
SR 18.6 7.50 0.1 0.21 7.82
b 190.0 76.67 1.1 2.1 79.88
4.2 59.0 23.82 0.34 0.65 24.81
F32HX| 114.4 46.16 0.67 1.27 48.10
X4 1125.6 454.19 6.56 12.47 473.22
10HXI-EHSE 134.7 54.37 0.79 1.49 56.65
(Mk=2NF=RA 34.3 13.84 0.20 0.38 14.42
126X =3 132.0 53.27 0.77 1.46 55.50
TEHR|CHE 129.4 52.21 0.75 1.43 54.39
2HXILG 162.8 65.68 0.95 1.80 68.43
SHXMSHAH 161.8 65.27 0.94 1.79 68.01
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PTHER
S/OIS/OME BY| i RiTgar 28 ALZ A7
(1,000 )

SEHXIHET 150.9 60.90 0.88 1.67 63.46
SlmpNrab:] 64.6 26.07 0.38 0.72 27.16
7HX 20|12 67.0 27.02 0.39 0.74 28.15
8RN 50.0 20.17 0.29 0.55 21.02
9HX|SOf 38.1 15.39 0.22 0.42 16.04
ofQ 450.3 181.72 2.63 4.99 189.34
6Tt 146.1 58.94 0.85 1.62 61.42
JHedy 131.8 53.17 0.77 1.46 55.40
FS5HX| 83.9 33.84 0.49 0.93 3b.26
Sl0|EY 88.6 35.76 0.52 0.98 37.26
=253 977.6 394.50 5.70 10.83 411.03
SE 977.6 394.50 5.70 10.83 411.03
10tX|SO0f 58.8 23.71 0.34 0.65 24.71
14XAE 70.1 28.30 0.41 0.78 29.48
1HXIMBES 68.2 27.51 0.40 0.76 28.66
2EXIRASIR! 98.4 39.71 0.57 1.09 41.38
XISt} 109.1 44.01 0.64 1.21 45.85
TEHXISR 106.0 42.79 0.62 1.17 44.58
8LX|CH 1563.3 61.84 0.89 1.70 64.43
SFAHX| 76.1 30.70 0.44 0.84 31.98
F36HX| 126.0 50.83 0.73 1.40 52.96
FZHX| 111.8 45.10 0.65 1.24 46.99
=33 846.3 341.50 4.93 9.38 355.81
M 531.9 214.64 3.10 5.89 223.63
4 115.1 46.43 0.67 1.27 48.37
2fo|= 141.3 57.03 0.82 1.57 59.42
LS 119.6 48.26 0.70 1.33 50.28
Sl 155.9 62.92 0.91 1.73 65.56
ZRIELR 314.4 126.86 1.83 3.48 132.18
pats] 173.3 69.92 1.01 1.92 72.85
HE3RL 32.9 13.28 0.19 0.36 13.84
AIEM 49.1 19.81 0.29 0.54 20.64
ghrzto| 59.1 23.86 0.34 0.66 24.86
MiS 2479.4 1,000.49 14.45 27.47 1,042.41
Al 1689.8 681.87 9.85 18.72 710.45
Skl 411.9 166.22 2.40 4.56 173.18
24 390.8 157.70 2.28 4.33 164.31
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W et

S/Ofg/OMmE BY|  olmy RTgat = A2 A7
(1,000 )

or¥ 466.5 188.26 2.72 5.17 196.15
B 420.5 169.69 2.45 4.66 176.80
BXE 789.6 318.62 4.60 8.75 331.97
CHE 235 9.50 0.14 0.26 9.90
CHRCHE 129.5 52.24 0.75 1.43 54.43
SOt 142.7 57.57 0.83 1.58 59.98
o 141.6 57.12 0.83 1.57 59.52
o 167.9 67.74 0.98 1.86 70.58
sl 23.9 9.63 0.14 0.26 10.03
Ll 160.6 64.82 0.94 1.78 67.53
=US 1271.3 512.98 7.41 14.09 534.47
26X 193.3 77.99 1.13 214 81.26
2HXET 193.3 77.99 1.13 214 81.26
OI3EHR 712.0 287.29 4.15 7.89 299.33
CHE 1715 69.21 1.00 1.90 72.11
=6 204.2 82.41 1.19 2.26 85.87
= 159.5 64.37 0.93 1.77 67.07
At 176.7 71.30 1.03 1.96 74.28
£E2 366.0 147.70 2.13 4.06 153.89
HAAELY 366.0 147.70 213 4.06 153.89
OfES 2853.5 1,161.43 16.64 31.62 1,199.68
oHat 659.2 265.99 3.84 7.30 277.14
AHXt 43.8 17.69 0.26 0.49 18.43
SR 83.2 33.59 0.49 0.92 35.00
SFH2HX| 172.5 69.61 1.01 1.91 72.52
Cham3 Y 26.6 10.72 0.15 0.29 11.17
SAUUFE2R} 42.2 17.04 0.25 0.47 17.76
FI3HX| 114.2 46.07 0.67 1.27 48.00
F34HX| 74.3 29.99 0.43 0.82 31.25
3+ 34.0 13.72 0.20 0.38 14.30
DLHEHA 113 16.68 0.24 0.46 17.38
ISR 26.9 10.86 0.16 0.30 11.32
= 494.2 199.42 2.88 5.48 207.77
SK 36.8 14.86 0.21 0.41 15.49
Ched 28.7 11.58 0.17 0.32 12.06
CHEBEEX] 36.4 14.68 0.21 0.40 15.30
¢ 28.6 11.56 0.17 0.32 12.04
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S/0I2/OMIE BX|  olpix KRt 28 AZ A7
(1,000 m)

o/l 24.9 10.03 0.14 0.28 10.45
A3t 306 12.34 0.18 0.34 12.85
Gl 46.6 18.79 0.27 0.52 19.58
ZZICK| 126.3 50.98 0.74 1.40 53.12
oAl M3 16.67 0.24 0.46 17.37
e 436 17.60 0.25 0.48 18.34
sa|x| 50.4 20.32 0.29 0.56 21.17
2g 36.1 14.57 0.21 0.40 15.18
seRuEg 36.1 14.57 0.21 0.40 165.18
0| 483.7 195.20 2.82 5.36 203.38
eS8 131.6 53.10 0.77 1.46 55.33
LK 352.1 142.10 2.06 3.90 148.05
g 1180.3 476.26 6.88 13.08 496.22
TEHHRINY 178.6 72.06 1.04 1.98 75.07
2C4X|CHR 166.5 67.18 0.97 1.84 70.00
STIXEIY 4323 174.45 252 4.79 181.77
5LHX|SOt 19.0 7.67 0.11 0.21 7.99
X |HM7HX A

oA 310.2 125.17 1.81 3.44 130.41
BEIXIFZ 73.7 29.73 0.43 0.82 30.98
0|otS 2217.7 894.88 12.93 24.57 932.39
W= 945.6 381.56 5.51 10.48 397.54
1,2,3=X[Hgety

o 3325 134.19 1.94 3.68 139.81
ATR|SAMS 263.5 106.31 1.54 2.92 110.76
BEX|IZ 193.3 78.01 113 2.14 81.28
BEIXIMZ 56.9 22.95 0.33 0.63 23.92
THXEY 99.3 40.08 0.58 1.10 4176
ojofE 12721 513.34 7.42 14.10 534.85
TOTHRIAY 251.2 101.36 1.46 2.78 105.61
T1SHR|AreH 123.7 49.90 0.72 1.37 51.99
=R 9.3 38.07 0.55 1.05 39.66
2CHX|GH 164.0 66.19 0.96 1.82 68.96
3TXISA 100.3 40.48 0.58 .1 42.18
BEHXSHIE 65.9 26.60 0.38 0.73 27.71
BRI T 163.1 65.81 0.95 1.81 68.57
TEXIX| 62.5 25.22 0.36 0.69 26.28
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W et

S/Ofg/OMmE BY|  olmy RTgat = A2 A7
(1,000 )

8HAIZIE 1471 59.37 0.86 1.63 61.86
XIS 100.0 40.33 0.58 1.1 42.02
PN 2560.5 1,033.20 14.93 28.37 1,076.50
LE| 89.2 35.97 0.52 0.99 37.48
g 89.2 35.97 0.52 0.99 37.48
=g 4411 177.99 2.57 4.89 1856.45
g RIES 166.4 67.13 0.97 1.84 69.94
oro|m=zEH1 274.7 110.86 1.60 3.04 115.561
4= 397.3 160.31 2.32 4.40 167.03
1,2HX|2H0| 121.8 49.16 0.71 1.35 51.22
xR 186.3 75.17 1.09 2.06 78.32
ATX| A& 89.2 35.98 0.52 0.99 37.49
= 709.8 286.40 4.14 7.86 298.41
SOHEX]| 76.0 30.68 0.44 0.84 31.96
MS5HK| 115.5 46.60 0.67 1.28 48.55
SEAHX] 68.0 27.45 0.40 0.75 28.60
RECHXISORHA| 209.1 84.39 1.22 2.32 87.93
SHRIGTX| 68.9 27.82 0.40 0.76 28.99
SERI7THX| 59.3 23.92 0.35 0.66 24.92
SHRIBEHX| 112.9 45.54 0.66 1.25 47.45
ok 923.2 372.52 5.38 10.23 388.13
1R 164.9 66.54 0.96 1.83 69.33
2HXILG 147.0 59.30 0.86 1.63 61.78
STHX|GHE 89.5 36.10 0.52 0.99 37.61
ALXFS 167.8 67.70 0.98 1.86 70.54
SHXIFS 144.3 58.24 0.84 1.60 60.69
6EHXIFS 67.1 27.06 0.39 0.74 28.19
THXFS 142.7 57.58 0.83 1.58 60.00
A A 15627.6 6,306.07 91.1 173.15 6,570.33

SR : 17 By
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Appendix

[ 6] £ OHIE BHX| 2% B/ IB1% #ah 2 OfLIX) Abjg Hat 53
(9 HHX 10,000 m, ILIX| AH|ZF gWh)

Pailuks) Ol X] 28|

&/0F2/0HIE &X|

WA M MHsE  HEE%) MHSd s s HEE(%)
T0Is 124.58 242.14 94.4 167.54 320.84 91.5
e 42.95 84.55 96.9 59.56 110.47 85.5
1R E 8.94 18.14 102.9 12.43 23.74 91.0
XA 11.68 19.96 70.8 13.51 23.19 .7
ks 3.23 8.25 155.3 6.65 13.86 108.2
ECEES 0.74 1.86 151.9 1.60 3.20 99.6
ROME 10.44 19.00 82.0 14.37 2412 67.8
4,24 2.18 5.90 170.5 2.74 6.02 119.6
F324X| 5.73 11.44 99.6 8.26 16.35 98.1
SXPH 61.82 112.56 82.1 79.52 149.50 88.0
10HRIEHS 6.78 13.47 98.8 8.66 16.35 88.9
1MHXIZZ 1.81 3.43 89.3 2.70 5.45 102.0
12HRIF3 6.67 13.20 98.0 9.19 18.36 99.8
1HXICHE 7.55 12.94 71.4 10.59 17.93 69.3
2HXILG 9.51 16.28 711 11.84 21.20 79.0
SHXRIBHAH 10.21 16.18 58.5 11.67 21.08 80.6
BEXET 8.72 15.09 73.1 12.47 20.27 62.5
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AEH OfiLAX] AH[Z
&/012/0HE THX|

WASH  MA=SF  HEE%) MWHSH MHsE HEE%)
6EXIAY 3.13 6.46 106.6 3.64 8.20 125.2
7EX2t0|Z 3.27 6.70 105.0 3.76 8.60 128.4
SEAIM 2.37 5.00 11.2 2.81 6.81 1421
9EX|ISOL 1.82 3.81 109.6 2.18 5.25 140.8
Clpd 19.81 45.03 127.3 28.46 60.87 113.9
6| 7.66 14.61 90.7 12.03 19.01 57.9
Y 4.94 13.18 167.0 6.70 19.03 183.8
FS5HX| 3.92 8.39 114.0 5.71 12.01 110.4
Sl0|EY 3.29 8.86 169.2 4.01 10.83 169.8
255 52.62 97.76 85.8 72.35 136.27 88.4
e 52.62 97.76 85.8 72.35 136.27 88.4
10 X|SO0¢F 2.90 5.88 102.7 3.38 7.82 131.7
12HXAS 4.07 7.01 72.5 5.38 10.62 97.3
1HRMNZS 3.95 6.82 72.5 4.59 10.09 120.0
2ER|RTERI 5.42 9.84 81.5 7.43 14.23 91.5
3HX|gk2t 6.34 10.91 72.1 9.65 15.65 62.1
THAIH 6.13 10.60 73.0 7.48 13.95 86.6
8HX|CHA 8.86 156.33 73.0 12.52 19.46 55.4
SF25HA| 3.83 7.61 98.8 5.04 11.47 127.8
F36HX| 5.65 12.60 123.0 9.20 16.84 82.9
F39EX| 5.48 11.18 104.1 7.68 16.14 110.3
=83 43.37 84.63 95.1 76.63 123.33 60.9
M 28.88 53.19 84.2 41.48 73.36 76.9
4 5.64 11.51 104.0 8.08 16.19 100.4
[ ope 8.26 14.13 71.0 11.94 19.22 61.0
LS 5.86 11.96 103.9 8.58 17.26 101.2
4 9.11 156.59 71.2 12.88 20.68 60.6
HOLELR 14.49 31.44 117.0 35.15 49.97 42.2
a3 9.00 17.33 92.5 25.66 27.32 6.5
HH3Xt 1.29 3.29 154.6 1.98 5.35 170.9
AIEH 1.88 4.91 160.8 3.22 7.90 145.1
ghiEr0IZ 2.32 591 165.3 4.29 9.40 119.3
NS 130.81 234.99 79.6 163.26 228.50 40.0
Al 95.23 168.98 77.5 116.67 148.07 26.9
ekl 22.84 41.19 80.4 28.14 36.68 30.4
24 21.92 39.08 78.3 28.85 36.84 27.7
oY 26.75 46.65 74.4 31.17 39.38 26.4
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&/012/0HE THX|

Ol X] 2H|Z

A Fat-R I P ) HEH MHEE HEE%)
Sl 23.72 42.05 77.3 28.53 35.17 23.3
= 35.58 66.01 85.5 46.58 80.42 72.6
e 0.94 2.35 150.0 1.72 3.93 128.5
S0t 7.80 14.27 82.9 10.09 17.75 75.9
et 7.61 14.16 856.9 10.51 18.77 78.6
4 9.40 16.79 78.6 11.39 20.66 81.5
e 0.95 2.39 151.6 1.80 411 128.0
Rl 8.88 16.06 80.9 11.07 15.20 37.3
FUS 41.36 73.08 76.7 70.41 74.86 6.3
LR 11.35 19.33 70.2 14.63 21.89 49.6
2EHRHA 11.35 19.33 70.2 14.63 21.89 49.6
mM3ELR 10.04 17.15 70.8 13.99 20.58 47.1
CHE 10.04 17.15 70.8 13.99 20.58 471
= 19.96 36.60 83.4 41.79 32.38 -22.5
BlLARELY 19.96 36.60 83.4 41.79 32.38 -22.5
= 150.84 282.69 87.4 202.63 346.60 71.0
ot 29.73 63.26 112.8 44.84 95.28 112.5
AFIRE 1.70 4.38 158.1 3.156 7.60 1411
SRH1EX]| 4.35 8.32 91.2 5.90 12.70 115.1
SRH2EX] 9.87 17.25 74.7 13.41 23.93 78.4
SHAF2x} 1.64 4.22 157.1 3.15 7.35 133.5
FS3HA| 4.60 11.42 148.2 7.33 14.93 103.7
F34HX| 3.50 7.43 112.6 4.98 11.47 130.2
a4+ 1.35 3.40 1562.4 2.23 5.66 1563.6
S 1.64 413 151.4 2.93 7.19 145.1
Sk 1.07 2.69 161.7 1.74 4.45 155.4
=d 22.87 49.42 116.1 35.94 77.50 115.6
SK 2.01 3.68 83.4 3.16 5.81 84.0
CH 1.15 2.87 150.3 2.16 4.94 129.4
CHA3TK] 1.45 3.64 150.9 2.54 6.23 145.1
o 1.14 2.86 150.9 1.88 4.83 167.0
o2 0.99 2.49 150.0 1.46 4.12 182.8
ge 1.21 3.06 152.8 2.06 512 149.2
e 2.46 4.66 89.3 3.62 7.32 102.1
FS1HX| 6.01 12.63 110.1 9.14 17.23 88.4
2l 217 4.13 90.6 3.27 6.75 106.4
o 2.30 4.36 89.8 3.49 6.97 99.6
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AEH OfiLAX] AH[Z
&/012/0HE THX|

WASH  MA=SF  HEE%) MWHSH MHsE HEE%)
3

RN 1.98 5.04 164.7 A7 8.16 157.8
=g 2.18 3.61 65.8 2.38 5.38 126.0
SHELRI 2.18 3.61 65.8 2.38 5.38 126.0
0| 28.26 48.37 71.2 46.89 54.65 16.5
1HXSS 7.55 13.16 74.3 20.62 18.44 -10.6
8EXIRICY 20.71 35.21 70.1 26.26 36.21 37.9
= 67.81 118.03 74.0 72.58 113.79 56.8
1R 10.20 17.86 75.0 13.95 23.17 66.2
2| 9.71 16.65 71.5 11.15 19.37 73.7
SHX|EAE 25.32 43.23 70.8 18.51 24.90 34.5
5EX|SOt 0.75 1.90 152.4 1.46 3.26 122.9
GRS M7 B

oA 18.19 31.02 70.5 21.99 31.77 445
8TXIFE 3.64 7.37 102.6 5.62 11.31 105.0
0|0tS 122.60 216.08 76.2 1565.94 268.26 72.0
OtE 50.51 88.87 75.9 60.85 98.38 61.7
1,2, 3RS BHIEY

o 18.60 33.25 78.8 23.21 32.83 41.4
ATX|FLNS 14.99 26.35 75.8 17.90 29.36 64.1
5HXIZH 11.12 19.33 73.8 13.11 23.56 79.7
THXEH 5.81 9.93 71.1 6.64 12.63 90.3
lES 72.09 127.21 76.5 95.08 169.87 78.7
10EtXIE 14.24 25.12 76.4 18.03 30.23 67.7
TTEX A 7.00 12.37 76.6 8.33 16.72 100.8
== 5.62 9.43 70.9 7.45 14.19 90.5
2EHX[eH 9.57 16.40 71.3 13.56 22.02 62.4
3HX|SH 5.62 10.03 78.6 7.36 13.77 87.2
SEHASRIRLE 3.86 6.59 70.8 4.52 9.23 104.3
6EHXIEF 8.77 16.31 86.0 12.67 20.52 62.0
THRIEX| 3.2 6.25 92.3 4.48 9.32 108.1
8TXITE 8.66 14.71 70.0 11.51 19.81 721
OHXISA 5.60 10.00 78.6 7.18 14.05 95.7
A= 145.40 248.45 70.9 216.96 343.86 58.5
LE| 3.32 8.92 168.2 4.16 10.75 158.6
agud 3.32 8.92 168.2 4.16 10.75 168.6
=g 36.23 4411 21.8 44.85 53.54 19.4
2HaA 13.83 16.64 20.3 156.32 23.09 50.7
OfO|I= 21 22.40 27.47 22.6 29.53 30.45 3.1
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&/012/0HE THX|

Ol X] 2H|Z

HAEH  MAEEF  HEE%) MHUEH  MusE HEE%)
4= 22.69 39.73 75.1 45.50 56.89 25.0
1,2k X[2t0| 2 7.00 12.18 74.0 11.38 18.46 62.2
3TX|I2M 10.79 18.63 72.6 26.80 25.27 -5.7
AT X YR 4.90 8.92 82.0 7.32 13.16 79.9
== 35.43 63.37 78.9 45.65 84.27 84.6
LISHBEX| 6.80 11.65 69.8 8.41 16.14 91.9
Rzl N 3.99 6.80 70.5 4.85 9.12 88.1
LE6THXISOR2EHA| 11.23 20.91 86.2 15.19 25.89 70.4
SIEIBTX| 3.87 6.89 78.3 4.59 9.69 110.9
SHI7HX 3.26 5.93 82.0 4.99 9.14 83.3
SITIBTX| 6.29 11.29 79.5 7.62 14.29 87.6
s 47.72 92.32 93.4 76.81 138.41 80.2
1EHXET 8.38 16.49 96.7 12.41 21.81 75.8
2HXILG 8.61 14.70 70.8 9.88 17.79 80.1
SRS 4.55 8.95 96.8 6.16 12.62 104.8
AHXF=S 8.34 16.78 101.3 16.85 39.99 137.3
SHXIFS 7.68 14.43 88.0 13.18 19.58 485
6 XIFS 3.60 6.71 86.5 6.53 8.85 356.5
THXFS 6.58 14.27 116.9 11.79 17.76 50.7
A A 811.58 1,479.83 82.3 1125670  1842.51 63.7
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Appendix

(22 7] 22 OHIIE EIX|H X2 0|5 O|LISIEHA HiSEM Hels

(EH91: OJAMBIELA BIEZ: kton-CO2/ 1, HIBHE: %)

&g/ 71 o x| 7tA x| = o x| TH oluxIE A

OfIE EX| HEE  HSE(%) UWEE  HsE(%) HEE  HEE(%) WEE  HEE(%)
T0IS 49.06 103.9 2.25 131.8  44.25 83.8 95655 94.6
T 17.40 106.4 0.78 150.8  14.99 732  33.17 90.7
THXRZENE 3.92 105.9 0.17 137.4 3.13 81.0 7.22 94.9
HXMA 4.20 107.6 0.14 97.3 2.91 52.6 7.25 81.1
pals 1.58 122.9 0.1 229.6 2.16 99.6 3.85 111.0
TEUE 0.32 63.1 0.03 39.6 0.52 1191 0.86 91.5
ROHE 4.10 94.2 0.17 194.9 3.12 51.0 7.40 74.5
f4.24 0.87 1568.7 0.03 183.2 0.87 103.5 1.77 128.4
FS2HX| 2.42 109.7 0.13 176.0 2.27 89.3 4.83 100.8
SXI7H 24.52 110.1 0.96 1095 19.92 76.1 45.40 93.7
10X MEHS 3.1 150.4 0.09 110.6 2.00 59.0 5.19 104.5
Mexgz 0.72 64.6 0.04 120.6 0.81 122.5 1.56 91.6
125X =3 2.86 11.2 0.16 1569.0 2.48 91.2 5.49 102.7
=N 2.74 82.4 0.12 106.5 2.48 61.6 5.34 72.6
2HXILG 3.52 108.6 0.14 90.1 2.80 64.4 6.46 86.5
SEHXMERAE 3.49 100.3 0.14 82.7 2.79 70.5 6.42 85.8
SEXIHEF 3.19 73.9 0.14 99.7 2.75 55.2 6.08 65.4
6EXIAY 1.41 135.8 0.04 1411 1.08 118.6 2.52 128.2
7Hx|20|Z 1.48 171.0 0.04 101.0 1.13 108.8 2.65 139.4
SEAIMY 1.13 169.9 0.03 142.9 0.91 132.6 2.07 146.8
9EtX|SOot 0.89 196.3 0.03 133.2 0.70 116.4 1.61 164.5
SOk 7.14 80.0 0.51 1563.2 9.34 127.5 16.99 105.3
6THX| 1.94 2.9 0.23 90.5 2.98 86.4 5.15 429
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&g/ 7] x| 7tA x| 2 ol T oI A

OT}E EtX| HIEY  HEkE(%) HIEE  BEiE(%) HIEZ  HSE(%) HEZ HEE%)
JHeEY 2.39 2214 0.10 296.9 291 168.7 5.40 191.5
F35HK| 1.34 52.8 0.14 281.9 1.84 132.6 3.31 94.6
Sl0[EY 1.46 219.0 0.05 132.4 1.61 154.1 3.13 180.4
ERi 19.96 76.9 1.09 108.6  19.07 935  40.12 85.2
CE 19.96 76.9 1.09 108.6  19.07 935  40.12 85.2
10=XISO0¢ 1.28 169.3 0.04 140.2 1.06 114.1 2.38 141.2
12HXAB 1.39 60.2 0.08 102.3 1.57 118.6 3.04 87.0
1HXMZE 1.53 110.0 0.06 121.0 1.41 1255 3.00 117.2
2R8I 213 84.3 0.10 104.2 1.98 94.7 4.21 89.5
3EX|BkEL 214 46.8 0.12 124.0 2.27 67.4 4.53 58.0
THAGE 2.30 95.2 0.07 90.3 1.87 81.7 4.24 88.9
8HX|CHA 3.34 74.9 0.11 324 2.53 46.3 5.99 60.7
SFALHX| 1.60 112.3 0.08 102.1 1.65 137.4 3.33 123.8
FS6TX| 1.94 19.4 0.22 75.3 2.51 129.1 4.68 64.0
FSOHX| 2.31 103.9 0.19 367.0 2.22 103.1 4.72 108.2
=33 18.32 66.5 0.89 36.0 17.24 59.9  36.45 62.4
M 11.49 84.7 0.49 106.4  10.02 71.6 21.99 78.9
34 2.63 110.6 0.11 101.8 2.16 94.8 4.90 103.1
= 0] k= 3.06 76.9 0.13 1156.2 2.60 51.2 5.79 65.0
e 2.58 91.6 0.11 119.4 242 105.6 511 98.5
4t 3.21 69.7 0.14 92.8 2.84 54.8 6.19 62.9
HRIERR 6.83 429 0.40 -3.6 7.22 46.0 14.46 425
ot 3.81 6.0 0.25 -29.9 3.87 10.8 7.94 6.5
HH3Xt 0.69 161.3 0.03 222.3 0.80 173.0 1.63 168.5
AZ=L 1.06 1562.1 0.05 170.8 1.16 141.0 2.28 146.7
Szt 1.27 154.1 0.06 133.1 1.38 106.3 2.71 126.8
Mels 45.59 94.5 1.55 716  26.46 126 73.61 53.8
Al 31.84 92.2 1.09 68.3 15.96 -65  48.89 43.4
i 7.87 94.4 0.25 22.8 3.98 -0.3 12.10 46.8
24 7.52 90.2 0.27 1056.1 4.16 -2.6 11.95 43.0
eSS 8.74 99.4 0.33 104.1 4.07 -10.3 13.14 44.6
LS 7.70 84.5 0.24 59.5 3.75 -8.1 11.68 39.1
SAE 13.76 100.2 0.46 79.8 10.50 58.7 24.72 79.8
8 0.42 71.4 0.03 54.1 0.62 164.2 1.08 114.2
S0f 3.00 112.7 0.10 72.7 2.34 59.1 5.44 85.1
e 3.01 74.2 0.11 94.3 2.55 80.4 5.66 77.3
A 3.56 1156.3 0.12 130.5 2.69 63.5 6.37 90.1
e 0.41 91.7 0.03 106.5 0.67 1431 1.1 120.0
=l 3.35 107.0 0.07 28.6 1.64 3.6 5.06 55.4
FUS 14.51 33.7 0.42 3.4 8.97 -8.2 23.90 13.7
X 3.75 99.7 0.12 91.3 2.86 28.1 6.73 61.3
24 XE+ 3.75 99.7 0.12 91.3 2.86 28.1 6.73 61.3
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&/oke/ H7| x| 7tA x| ol A oILXI A
OfME HX| HEZ HSE(%) HEZT  HuE(%) HEZY  HEE(%) WEY  WEE(%)
Oj3ERR 3.71 48.6 0.12 47.8 2.60 46.1 6.42 47.6
CHE 3.71 48.6 0.12 47.8 2.60 46.1 6.42 47.6
= 7.06 8.9 0.17 -32.2 3.51 -39.0 10.75 -14.0
BELY 7.06 8.9 0.17 -32.2 3.51 -39.0 10.75 -14.0
OIS 50.61 63.3 2.76 74.7 48.58 749 101.95 69.0
1113 11.16 75.2 0.82 129.6  14.60 129.4 26.59 103.0
Xt 0.78 87.7 0.06 110.2 1.22 166.6 2.07 128.3
SFE1HA| 1.64 79.2 0.10 94.9 1.88 136.3 3.62 105.4
SF2HK| 3.04 48.7 0.21 97.2 3.56 93.1 6.80 70.4
SUAF2XL 0.76 102.8 0.06 492.8 1.18 136.8 2.00 126.4
FS3HX| 1.89 84.6 0.14 144.0 2.21 110.2 4.24 98.8
F34HX| 1.14 53.6 0.13 189.1 1.83 165.8 3.09 110.0
Cha 0.66 132.5 0.04 168.2 0.88 161.4 1.58 148.6
il ety 0.70 103.2 0.06 104.1 1.17 163.8 1.93 136.0
SHge2(X| 0.55 142.7 0.03 71.8 0.68 166.8 1.26 152.7
=H 8.42 60.4 0.70 76.3 1215 147.3 21.28 101.4
SK 0.66 34.9 0.05 10.5 0.91 119.7 1.61 71.0
CH2 0.50 89.0 0.04 83.5 0.80 148.7 1.34 120.4
CHA3TX 0.64 79.7 0.05 208.6 1.00 172.6 1.69 128.5
FH 0.56 139.6 0.03 213.4 0.76 161.4 1.34 152.9
ol 0.50 151.4 0.03 192.5 0.63 196.3 1.16 175.1
g8 0.61 129.4 0.03 147.3 0.79 157.4 1.43 144.5
e 0.97 67.5 0.05 87.0 1.08 123.1 2.10 92.6
FZ1HX| 1.28 -9.0 0.26 60.9 2.87 149.7 4.41 62.3
il 0.76 50.6 0.05 69.6 1.06 140.0 1.87 91.4
2l 0.88 69.3 0.05 12.1 1.05 125.0 1.98 92.0
LIRS 1.07 145.4 0.05 196.0 1.22 161.8 2.34 1564.7
=g 0.77 91.9 0.03 45.9 0.78 152.5 1.58 116.4
SHELFI 0.77 91.9 0.03 45.9 0.78 162.5 1.58 116.4
20| 9.11 8.9 0.44 1.8 7.11 23.0 16.67 14.3
1HSE 2.68 -39.0 0.12 -45.2 2.62 20.6 5.42 -20.1
XIS 6.44 61.9 0.32 49.7 4.49 24.4 11.25 442
El 21.14 ©9.5 0.77 105.9 13.93 340 35684 67.7
1EHXRZE 3.73 94.7 0.16 93.4 3.1 52.2 7.00 73.2
2| CHe 3.38 103.8 0.10 54.3 2.51 59.4 5.99 81.6
SEHRIEAE 5.56 102.1 0.14 15.3 2.64 1.3 8.33 52.3
5EHXIS0t 0.33 76.5 0.03 210.6 0.53 137.7 0.88 112.0
T X|HM7HXIAY

Opg ALl 7.18 113.0 0.22 275.3 3.27 44 10.67 62.6
8EHXIFS 0.96 34.6 0.13 206.2 1.88 128.7 2.96 88.2
0[0HS 43.55 88.4 1.70 884 3598 63.1 81.23 76.3
Uis 17.52 93.4 0.59 744  12.49 45.2 30.60 70.0
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S/0g/ 7| ol 7HA OfiUX] oL A ofiUX|H A
OHILE X WS  HSHE(%) HEE  HEE(%) HISZ  HEE%) WEE  HEE%)
123CRIGEHENE  6.44 843 021 484 387 191 1052 52.8
ATXSMNE 5.04 887  0.18 1016  3.81 50.2  9.04 70.5
BEHIXIZY 3.95 1040  0.14 857  3.11 67.3  7.20 86.0
THR[EA 2.08 1183  0.06 81.9  1.70 773 384 97.5
oIS 26.04 852  1.10 96.9 2349 746 5063 80.3
10EX[AH 491 91.6  0.19 216 405 59.3  9.16 73.9
11 ERAE 2.57 1007 0.10 619.1  2.32 943  4.99 100.5
16X122 1.85 603  0.10 1534 2.10 1039  4.06 82.2
2LHR|BHA 3.06 522 0.19 1421 3.14 639  6.40 59.6
KIS 2.20 1150  0.08 1049  1.88 739 415 94.1
ECISETQE 1.36 1083  0.05 1234 1.31 1017 272 106.3
BT 3.43 865  0.12 603  2.71 50.6  6.27 68.1
THRIAR| 146 1193  0.06 648 1.8 1050  2.80 111.2
8HXITIE 3.13 747 013 1063 270 693  5.95 72.7
9HX|IS A 2.06 93.1 008 1345 2.00 955 414 94.9
HAIS 59.14 641  2.69 875 43.98 535 105.80 60.0
LE| 1.57 2069  0.05 2106  1.54 1391 317 169.3
el arE 1.57 2059  0.05 2106  1.54 1391 317 169.3
2y 12.63 460 0.5 -282 549 11 1828 27.8
LIRS 5.20 669  0.06 -37.8 250 422 775 56.2
ofo[m 22 7.44 343  0.09 -204 3.0 -186  10.53 12.8
A= 6.83 -20 048 888 865 365 15.96 17.7
1,26X[2H0|2 2.47 440 012 1003 272 69.7 532 57.3
3TXIRY 2.49 -400  0.26 9.7 405 86  6.80 -15.1
4Ty 1.87 69.1  0.09 525  1.88 874 385 77.1
e 13.35 90.3 055 733 11.44 822 2534 86.2
AIBIBER| 2.50 99.8  0.10 945 222 877  4.83 93.9
QAR 1.42 934 004 1042 1.26 849 273 89.5
QHETXIZORTX| 430 834 022 1241 337 608  7.89 738
SHRIBER| 1.49 9.2 005 1163  1.36 174 2.89 107.6
SHRI7ER| 1.24 674  0.07 -37 134 1015 264 79.5
SHRIBEX| 2.38 1007 0.07 307 1.90 839 436 91.3
ot 24.75 22 145 1299 16.85 69.3  43.05 83.5
1EXIET 3.59 863  0.15 547  2.89 714 663 78.7
2EHEILG 3.08 1088  0.09 86.0  2.32 653  5.49 87.6
3TiX[BHY 2.09 1269  0.07 1251 1.68 927 384 110.6
4EXFEZ 11.39 2185 051 1804  2.74 44  14.64 164.5
BLIXIFZ 2.65 -44 019 2030 281 888 5.5 30.6
6LIXIES 0.36 467 0.5 2107 161 273 211 36.0
THRFZ 1.60 -185  0.28 798 281 915 469 30.8
R A 300.74 761 1334 81.1 24454 563  558.61 66.9
B R E R
220 HOIZ7| BHOIAS] LS SIEA| SEF TS0 T2 ELAETZ 8 ot ot



	NTF00002fc84674.hw
	개요
	 연구요약
	1. 연구의 배경 및 목적
	1) 연구배경 및 필요성


	 제1장  서론
	(내용없음)
	2) 연구목적

	2. 연구의 범위 및 방법
	1) 연구범위
	2) 연구방법
	3) 연구의 주요내용
	4) 선행연구와 본 연구의 차별성

	1. 관련 문헌 및 정책 검토
	1) 관련 문헌 검토


	 제2장 탄소배출 저감 관련 문헌 검토 및 국내외 사례
	(내용없음)
	2) 탄소중립 관련 정책 및 법령, 추진경과  
	3) 제로에너지건축물 관련 정책 및 법령, 추진경과
	4) 「노후계획도시정비 및 지원에 관한 특별법」 내 탄소배출 저감 관련 내용

	2. 탄소배출저감 관련 기술 및 정책 적용 사례 
	1) 건축물 생애주기별 탄소배출저감 기술 및 적용 효과
	2) 계획기법에 따른 탄소배출저감 효과
	3) 탄소배출 저감 정책의 효과 
	4) 주요 국외 탄소배출 저감 단지 사례 요약

	3. 시사점 
	1. 분석의 개요     

	 제3장 분당신도시 재건축 생애주기별 탄소 배출량 추정
	(내용없음)
	1) 분석의 전제   
	2) 분석의 흐름
	3) 분석의 대상 

	2. 해체, 건설단계의 내재탄소 배출량 추정
	1) 해체 단계의 이산화탄소 배출량 추정 
	2) 건설 단계의 이산화탄소 배출량 추정 

	3. 운영 단계의 운영탄소 배출량 추정  
	1) 추정 대상 에너지원 
	2) 에너지 소비량 추정 모형
	3) 재건축 후 에너지 수요량 추정 
	4) 운영 단계의 이산화탄소 배출량 추정 

	4. 아파트 단지 건축 특성과 에너지 소비량 관계 분석 
	1) 분석의 개요 
	2) 에너지원별 모형 분석 결과 
	3) 소결 

	1. 전문가 FGI를 통한 적용 가능 탄소배출 저감요소 도출
	1) 개요


	 제4장 재건축 생애주기별 탄소 배출         저감 방안 제시 및 효과 검증 
	(내용없음)
	2) 생애주기별 적용 가능한 탄소배출 저감요소 도출
	3) 최종 도출 결과

	2. 탄소 배출 감축 패키지 제시 및 감축 비율 산출 
	1) 탄소 배출 감축 패키지 제시 
	2) 탄소 배출 감축 패키지별 감축 비율 산출 

	3. 탄소 배출 감축 패키지 적용 효과 검증
	1) 생애주기별 이산화탄소 배출 감축량 추정
	2) 에너지원별 탄소 배출 감축 효과
	3) 패키지 적용 시 단지별 ZEB 등급
	4) 패키지 적용의 비용 절감 효과

	4. 소결
	1. 정책 목표 및 추진 방향 설정
	1) 정책 목표 설정


	 제5장 노후계획도시 재건축 공동주택단지의 탄소배출 저감을 위한 정책방안
	(내용없음)
	2) 정책 추진 방향 설정을 위한 전문가 FGI
	3) 재건축 공동주택단지의 탄소배출 저감을 위한 정책 방향 

	2. 관련 정책 연계 및 제도 개선 방안
	1) 인센티브 제공 방안
	2) 인증제도 활용 방안
	3) 탄소배출저감 및 흡수원 관련 시설 설치를 위한 단지 내 공간 확보 방안

	1. 연구요약 및 연구의 의의
	1) 연구요약


	 제6장 결론
	(내용없음)
	2) 연구의 의의

	2. 연구의 한계 및 후속 연구 제안
	1) 연구의 한계
	2) 후속 연구 제안


	 참고문헌
	 부록 1. 「기후위기 대응을 위한 탄소중립·녹색성장 기본법」 탄소중립도시 관련 내용  
	 부록 2. 「탄소중립·녹색성장 국가 기본계획」 건물 부문 핵심 및 세부과제
	 부록 3. 분석 대상 분당 아파트별 대지
	           면적, 건축면적, 연면적, 세대수 및 건물 수
	 부록 4. 분당 아파트 단지별 해체 단계 이산화탄소 배출량 산출 
	 부록 5. 분당 아파트 단지별 용적률 150% 상향 재건축 건설 단계 이산화탄소 배출량 산출
	 부록 6. 분당 아파트 단지별 재건축 전/후 연면적 변화 및 에너지 소비량 변화 추정 
	 부록 7. 분당 아파트 단지별 재건축 이후 이산화탄소 배출량과 변화율  





