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715Hslo) st ZE 7 FHYA(IPCC, Intergovernmental Panel on Climate
Change)oll A= A E(net-zero) & Ol4topetaE 95t} 19979 12¢ WEOH
AollA #7838 6l 2A7EA(OlALSE A, Mg, ofAlRHE A, SAaESIEA dHESIEE
4, SEIR) T BE 2A7AL] fHlES ARk JE o E Aotk ESh Ul
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A5 B B8 2k 4% PEow sk dos geett

Net zero / Carbon neutral [Carbon negative /|  Climate Zero carbon  |Zero emissions
climate neutral carbon positive positive

CO2Z only v ¥ *® v #®
All greenhouse gases . x . * v . %
(CO2, CH4, N20, etc.)
Emissions reduced i ' v ' v | v ' v ' v
Emissions offset ' v ' v [ v | x ' B

(23 2-2] EASY B2 80| 78
ZX{: IndiaSpend(2020). Why India Can't Match China's Net-Zero Emissions Pledge.
https://www.indiaspend.com/why-india—cant-match—chinas—net-zero-emissions—pledge/(F2!: 2022.10.20)
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Substitute trips
Can | do it online?
Can | do it online and have it delivered?
Can | do it locally?

Shift modes

Can | use active travel?
Can | use public transpori?

Can | use shared or on-demand mobility?

Switch fuels

Can | use an electric
or hydrogen

vehicle?
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Scope3 Scope3-A(ZIE HIEL)
(3 XIXpH| T 2lof 2Ix[SH
KIXIR| Z2|CHAF HISS) Scope3-B(ZHH HiEE)
o XIXtA| 2t2|Chal: KRN0 2t2|#Et0] Qs tiE X S+
*  KIREA| H| 2H2|CHA: XIREA(0 22| E5H0] o= tiE 2 &4
o | XXM 2FSHALE ARHO| = HIE X E
o ZHERE| ZHTE| Y2 OFLLY, 2 FaliE S92 0] 2 = U= s
o Z|HHIE: 2AIAS HEHOZ HIE(0). SHZIUT0| ot 2 i)
o ZFHHIE: DTl 2AHTIA HIE2 QIOLL, 05 SUISh= Q17to| B (0. T2 ALE)
EX: St=HATTH2017). AIKH| 247tA HIEE APYXIE(Ver.4.1). p.8
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st 74, A4, 58, SR 9 FEEA| AFVES] sleA A viEE
;17& HiEel H7 12 ERA ol el HER S 50613t

rlr rsh

O MQEE L ZAIZIA(LNG) At

A9 AE d TAZFA(LNG) ARl whE 2474 BiERe A g U ARgefo] 4t
T} W& A=) FOo 2 At CO29] A9 E7MlEAISR] Tier2 A4S 2-8351
on CH4, N202] 7% 2006 IPCC G/L 7]1EgFS A-8359th

© AfRANE

EAZIA(LNG) AR THE

= U7X HISY = HBMSY

= =

A
X

[H 3-3] 4|]MZE

=1]
=
=1

‘f':‘a E(:F X HH§72||—|—
=]

E ST

U EATIA RUTEA HHEAS

offARIR A2 Al52 1% [FH e =7F &g

e 7P al/337IE +5
= kgCO02/TJ | kgCH4/TJ | kgN20/TJ | kgCO2/TJ | kgCH4/TJ | kgN20/TJ
L 72,233 10 0.6 72,233 25 8.0
59 71,500 10 0.6 - - -
4e 73,333 10 0.6 73,333 4 3.9
LPG 64,533 5 0.1 66,367 62 0.2
EAPA 56,467 5 0.1 56,467 92 3.0
(LNG) ’ ) ’ )
SR HHSMESIEAAME(2021). TEHE HEA O HX|ZA| ZA-0L 917 89 p 10.
[E 3-4] MRHIE ¥ EAIZIA O|UX|HE sUE
= el gy H|Z
HES TJ/1,000m* 30.3 TN /BB IE/ S
S7 TJ/1,000m 34.3 7184 /B37IE/+S
i TJ/1,000m 35.3 7184 /B37IE/+S
LPG TJ/Gg 46.3 T1RAll /22T |E
LNG(RED) TJ/1,000m* 26.4 Al
TAZFALNG) TJ/10%m 39.4 7V EMA/BBI e/ S

EX: AYSUSUTAIZIEHE(2021). 212HE KEta ofLX|EA|

o

Y AT EH. p.11.

H 3-5] TAIA 254 Ho|

gy 59|
FHg, 2SS, YHUTEZ, Mg, IHHS, BHS LIS, £58 &

UG | HBFXIG 0|9l0] SR ARSI THA F UIHB(2) 0/210] BT A= THA
%2(2017.6.28. 71%)

Ustg2 | 22, NYLBALTIIZHAA ), £, HSBEXHNN 25t




SSAIE §HY), HHAMEGHIAIEE 2= AN ASEl= THA|
X2(2017.6.28. 7HH)

RIZAE H104ZH50] O3t AEBOIN HYZOR ARl 7HAN XS, T2, Ef
80| QO T Y0 MK S

KILME M104ZH280 ofst AZSUM HUSZE7|7|E EXotL

5HE7|(5~9%) &, SH7| ¥ J|Et o= HUE02 SA0f A8El= 7tA0 X8

SAE LAQ| REEMAZROINM Fot MEYH HESYEa SLFL Lo

HEE | ol s o ArgES 710 K
ey | SHUSTAAUI SIS GHEwLelel SEOILIK A HoEHIB0 ot
SUBEUE | qoiyimueiapt Algsl SHE BBl ARSI 7HA0| K
CEFKE | HENK ABEE 71A0 N2
sg | NEAEIES N2 S USAO GRE 3500] H01 SAIE
oo

HATIAZSHA0A FEE MESH= 7HAN HE

YEATEF(2021). et MEtA OHX|=A| ALYt G5t 8. p.17.

A2l w2 2N BRETFS ATAE Y A O Vet

o HEHAH|0| MGE 247IA BIEE = HHAEY x HEAS

[2 3-6] MAH|0f M2 2ATIA HiEHI(Tier2)

= tCO2eq/MWh tCO2/MWh kgCH4/MWh kgN20/MWh
[E 0.46625 0.4653 0.0054 0.0027

EX: YYSUSFTAEH(2021). 212 MErA XA AL G2 8 p.11.

[E 3-7] M7|AH 822 Y|

8y B9l
1. 778 1%
spg | 2 ISHEIE 3N Olgle] T2, CiSt, MBI, 12, AR oS AIBHE M8
ag) | 3 SUKUAACISA BEL UEDIRE NSISTIAS2A 120| TG40 488
siya 3
4,774 QuAY 1
1. Q08 X55uRY TSUSHI N2 Sn(H4Ee He), BTSH) 02
St 0| X Igglm_.g.MJél
2. SIS |59, BEWED LY, PRIV |S9, ZH0S, 242 BRARSL,
ST, FRSATSLE, BYTSLD, ZRYBUS TS, I5tHe,
mmg | EEsAMEL ARDSTIZE- 20| B S M2 s2olY ARDRT|R
SO | 3 mAfm) m2 SA
4. WS, O, Yo
5. 81y IR, SR S
6. VIS H2) Yyt ZFQ| HolS /510 T2 W2-BE SO ZPROR Mx|st HSOIL}
TENSS Z2EAIS- B2 BAIS o 7|6 0/0) st MS(AS7|VIS B3l
KHIAY | 1. FEigie, DR8N, NN, SAIST, 1S, oHIHE, U] &2 0/2le] 12
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1. MRSHA(Z) - B, MEY 2 7IEINY0] H2S AFSSH= AR 4kW 014 300kW
Meig | DBt D20 XE
(HIZQ) | 2. MUSH(S) - B, MEY L 7IELAIRI0N TS ARtz AIOFHZ) 300kW 01442
DA 28
1. SAST(R) - YTUIS I3 Y4, B BT U SR AISt= 1
2. SANSH(S) - 12 5 5iLiof 5t AIFH21 1,000kW DJ2te] D202 A
SR | SASHAR) ol9le) 1
3. PAUYBESTE EE OEA7E TS AQSI0) 2UTH= SAZ HREBAIA S0 Sk
IO =AIRKE(2)S MR

EX: BYSUSLZAIEH2021). Tt XEIA OHX|ZA] AW ¢ 8. p.15.

HoAR] ARGl ot ATEA HE 2 QoA ARG ETH Geal) T HlEAIS] H2
2 AP, sieAlsTierd)e A=A A TGSAL AIEAAIM S8 A2 B8
SHA.

oA SFLE viEATE AT, A X],d\_Z.‘OQ%EC’ﬂ ofet
o] AIAJSIAL Qlom, FHELEA| 9] 73 A b <fet E<
AT 285k

o EUUX] ALE0| ME 247tA BiEE = B0UXA| ALEE x HEAS

H 3-8] ZAL20| o5t 2A7HA HiEAI

il CO2 CH4 N20

2015 45,105 0.8102 0.0815

2016 46,025 0.8254 0.0826

2017 43,811 0.7930 0.0793

2018 43,105 07753 0.0775

2019 44,477 0.7987 0.0798
EX: WESUSFCAIIEE2021). T MEfA OfHX|ZA] A0 G5 8K, p.12.

gy Be|
IYEEHS) | 353U Y UK HEEH
338 ZTYAIY, SH, OIRA, ABISRINA, 7B SBAN
MElAQ(UEE) | FEigm 30 YT o4 2SS
EX: AYSUSYTAIZIEHE(2021). 22t KEka OfUX|ZA| et g7 89K, p.16.
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ot X2

SIEA P A] HiE T 2A7EA Bl ETFS CHAS N207} 9l.om, sk 2] B o e}



A7 T SheAlE] $799] A7 wilEAlS== CHA= BOD #-5tl
3t CH4 TS APFSHL, N20& S84 Falgol tigt N20 HiEF o= APddich,

[ 3-10] 5l=X2| SHe| 2A7tA HiEAIS

CH4 (kgCH4/kgBOD) N20
371438 =R egers) (kgN20/kgT-N)
001552 0.18452 0.005
57 YEEHSTEAITH(2021). TEZ Mtk (HRIEA 28T 67 89, p.13.
() EAISZ AZQAE 0123t O|LtatEtA HIEZ LY D JHE: MSA| Atzl21)

O O MtafEta BHEE L1

Ao A= o atsleA HiETEE off L A ARE ol LA SHo] APg 5ttt ofuf 2| Al
9] ojaksletA ijE&TF HFS- [PCCO] A-9FHIE(TOR) T EHABIEAIS(CERE o8
Skt
- AI2S ENS UK = T + THA + MQEILR, AR, LPC) + 4
H

TI=2TT, OTT,
S + XSy

T2 SHUOIM SAlohs IAXIE0 CHSt OMalEtA BHEEZ 0[(MWh
o 0.423E, 2006)

o EAIZHAT NG MREHTIE &UBEZH(9550kcal)dt IPCC EHAHIEA
2(0.637) 0|8

- Riejchy: XIOE 2A7LA OMIER] AEXIR(FENNN HAIS, AL
1000Gcal B 0.2E, 2 212.45, ZM 231.98, L2 226 4= M8

=~

AlOIS
o —

At 54, 24 5 THEOIA O|L{X] AH| 2H44(0.587kgCO2/ )

e 0O
e

Tl =& EASTIOIA 9 ol iteleta: BT AP Rl SRR T
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o EAS7ZEAHIESF = 0.261Vh + 0.222Cm + 0.318Fr - 0.258Cr +
0.182Fa - 0.064Rs + 0.083Rd — 0.054Pd

o Vh: AEXSZ04 / Cm: AAADX | HA / Fr: X8 / Cr: 24E|8
/ Rs: R74X|% & / Rd: AKX BA| / Pd: QlUE

(4) REHA CAA|E QA ELAZEESE AP 0i7122)

2 AT A shalE Yo} ool A BTR 3
12, o1 A EAVIE AIRIATe] AT RN B BAFATE AN
ok EARE A SATES SR AR RAEE FA olilsteka A7/ HAS, olist
4§, oplstea Bjm 2 FRaigick

ofll
M
i
¢

2
o
Q.

i
[

E%(E@ XI171)°E°| A2t

EG £ A2 Q.45 thef olkalEha 5] ek AXTAL thgat o] A
Shoiet.

[E 3-11] EALSZ AEIQAE OIMBIEIA 2SR Ay AT2IE

CE] AEQA oy

AUNAH G | - QIAIAL HBTI74 X AZSHHOLIXIAIEE X KIS HR| O]
(Ton CO2/H) | ABIEHAHIEZ4/1000

(1374 RS JI2S(HAS-BUS) BRI < U IZSELERI0/S)
AR Al IS X LED A Al 8 UAS x HALE O|BIELAUZ

LEDZH MX
Bt4 | (Ton CO2/4)

Xzt _ =/1000]
07l =2 -MICHE ST WEIAH| T2 (KWh) x {(7 | E 8 U4-HIZZ QA R
(Ton CO2/9) F)/7IE LU UL} x A =M x HHEZ Ok fE._ HHE#<=/1000
T EE 2130 HRE i) xdedMSE Al ABEE HEY
(Ton CO2/=) (KWh/t) x O|AFSIERA HHE|4/1000]
B | 2E+= (T E AR x2HME HIUEHASSZX44/12)
22) oJd(2013). A4 EAIAE QA SRS AP AT 8% 519, p.150.
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AEE ARSI (BT UNRE THBHx LB BHHIS X AEE 4
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Mo

sA e
55 | TonCO) | oy e aiceamus)
ATHEOILIR 58 | AU x M o2EE T8 x ARSI LKIAZ S ER| %) x O]
(Ton CO2/4) AkSHErAHIEAIS=/1000
oy ey | E7eE B0 x UUS R X0 S xFISHIS x e
Eth TRHIEXRIZH  HAZAHZE(Q /kn) x =L S2 e/ 107 x EFAHEH =

e
gy | (Ton €02/ x 3652 x44/12]

-0127{2|(km) x AZ0|BS+ x SAUE 71 MYTAESHHIZ x X}
ZHIEx AT ZHE x AZAHIZH(Q /km) x &=L B2 (o) /107 x HAHIE
Hl==x365Y x44/12

S 04Z(2013), MEtA TAAE] QA HAASZ AP A7, SH=F 517, pp.160-157. FLI5I0{ THAM.

(6) EHAKIZ EAZAE 23

o
do
ror
H
e
i
8

B 2o 9ol EAAE) Ao] B S EAAS 4713} 4 golek T
A B EAIAY SHold 883 4 Qe UG PABI £ A7 7120) 24
8] 715ig}e] T8-S 918t ezt EAI HgkElolof ek Ak S2futete] 4]
oA T EAATA A gHlo] WRHER Q4] Slo] WAL,

)

rR

Tol A 0 PR 0 A, 7V A, 55, TFIe HES AYeT, AT
Nog 7t nEw TAEYA Eele] BAS FHeigic 181 BlARDS 755}
A fRstE Bo FEE 1Y LAV Ee T35k ol F g T o
Slof] Hohe 2TAlo] thak H2E LAk wiEF mEe chewt Pk,
- AQIBS {0Ict SMTIAMESE = 1,13935 + (-0.06973 x K| B

2 =

HH|8) + (10.68041 x 1915 XIFS2LHS) + (0.12858 x 2tk
SAIRt HIB)

o)

rﬁ;

=2

o 71 MIRE 101Y 2MTIAHIES = 1.27163 + (-0.31263 x EE

) +(1.38959 x 191 RFSHEH) + (4.69261 x 121 SAtA)

o $288 10Iot 2ATIAHIEEE = 1.60081 + (0.00760 x ZHMEZ HJ
8) + (1.49782 x 191 RIZH=Z204) + (-0.01457 x XA ZA
Xt HI2)

o DI JEFRE 10ITt 2AI7IAHIEEF = -0.25064 + (0.00463 x TH

XS HAH|) + (0.01355 x EAIX|Y Q172 E) + (0.00675 x =X|
X< HIR)

£ Aol AR dAEiEE o 2 EAS A Ee tha L

23) k=734 9(2013). B4 EAAE £ A% HETY B A8t AT SEARISHE] A 47(1).
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T 3-12] EtAHIERIOZ A TAIENX|E

1= ME X
217 QPUE, EAXSRIFUE FRIFAUE 18T
EXolIg APHelHAEIE, FAXGTHMH|E, JHXHHYH|E, SHAHHAYHIZ
aE= BoEAE, FHEUESENE, JUSUESENE, SUSUR=ENE
LHEH 191 SAK, 1RMIASAIRIHIE, 2XMASAKI|E, SXHIHSAIAHE
S0 =28, HE2HE, 1918 AMHSE+
=X SAXGEHMH|E, UOFHMH|E, METXH|E, SHATHKHIE

EX: oA 21(2013). HAKZ EAAE 7S floh RRTY W MU 7L IEX|2[SEE[X]. 47(1). p.6.
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(6) =AIAZIZO0F 24714 QIHIE

o
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K

ol

O A, X7 5 4SR0S CHYSH 50] T2 Erh HiS2l Tiepd)

r

2 A=A TN BdaFH AT S A5 A Eee s sl g
12 YU 252 EESIAH. AT E BA Ul B2 AAATZ(Z AT
), FERE@ A, 7THR(EE, 1Y), 9rERw0l7E &) s ERst
AL, o5 TA Y| F oAtk A viETFo & APYS 4= Qlrh. HFA Q1 uiERl TA]

& oAtS A 2 F olilsie A HiEFOIM TU=A| 5 B Fr i offset)&
ALJet Fo= ottt

o ZAILY & O[ABIEEA HIES = MRIHID IS + 2A82 HHEY + 7t
HES S + H7| S22 HE2 - O[AEIErs B4

LATEE
HyRg sam2 e CRELE
2F Apodnd LpH}
M —_Hem= [E=]
EES 2} 3 E e 7|2 22t

EAIH Fo|EEruE

EA = OfietEta ol E

[23 3-2] £A| L 280 ME 2471A HiE 22 H AP 1"
E&: FaliZI(2011). ZTAIAZZ0M 2A7tA QMIER| 15 W £2=% 503, p.106.

24) A817(2011). EAIAEZore] 2A7IA QMg ] 75 WU 87=F 508, pp.106-112.
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o AR-7tA-MEFHiESHkg) = HRE HUXERKTI) x H=E HiEARKg/TJ)

o 7| HiEE = THAHIE x HHIHHEA

o S(AE) HHEZ = FAHZ x [1/(1-248)] x
o ok HEE = 2 AEE x EZHEHIEA IS

ELEHHEA T

[E3-13] B4 2 U 2AJIA HhE 45

e EES A2
T 5 5
Mo Emissions = X i(Fueli x EFi) IHR0IMS] 912
7tA | Emissions: HIE, kg Zlii‘dlg
Fuel: 912 2 i0| OL4X[Z, TJ Hwa-; =
L | B EFBEEAS ko/TY E;AH“H,_: -
= it oiRo| E2 .
L B RETITEETTEITESTEN
S | Gigen 7y
oy(re) %‘ét_'I%FXH/G -EME)| x g7t
HHIE 74
B FE AR x 2SS AS-7H88
Mo Emissions = X i(Fueli x EFi) st sk MEE HQ|s
ItA Emissions: i, kg HEE HS0MQ A=
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PE | S ABXSEZHHEAS Alp-aolg
OIUX] | Emissions = MixEF BER 91 CIAALA AL
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EF: GIRE/2A7IAS HiEAS
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20| Ty et HS A2 E3
i oigo| 52
48 THR ME L 7|EH
HE Ofl AR AR
EE)
A7}
A
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MZEQ Y | At S5
. HEY & 7MY
7Me | ARE %
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=2
HZXAH
=
T2, SIS, FalY,
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NIZE 2 HEAS a2t SIS, TxiE

REMSES HHZM
HIZALE, 7|Et MISHZ=Sat

Arg, 7|Et
7| THAHZ x WHEE-sTOY, 3,
- M7 EASAIE T M=
oy(AE) BAHZX[1/(1-EAS)xH7HH
- HE A5
> T ABH x =EZIHUIEA S -7 E, YU, 7|E
4R Emissions = X i(Fueli x EFi)
A Emissions: HiE2, kg
Fuel: ¢z ZF 9 UXH, T | SSE AILZREQ HAHE
MEE | EF: HYEAHIS kg/TJ
oo it fzol EF
e Lidp = DOMHA-TDDH 1R
N e . 1AL o e
. THZFHHIEA (A D) ik ColL T
SSMHA-HH, =2
) SAHZX[1/(1-EAB) xS
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T = A x SEFHHIEA S=-gFE
A
C=(C12-C11)/(ta—t1)xBEFXCFx(1+ °
IX|2 QX|E[= QX
o] R) UX|Z RAIEl= X
* XtM|St L2 2yt
ACDOM=[(Cn_Co)XAcm]/T0m OI:!IIE Es;.’;}?_l Exl
EX| =] ACe=AxG, SEXE RAl== 58X
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i(Fueli x EFi)

Non-CO; Emissions:

S ijk(Fuelijk x EFijk)

Emissions: 2A47tA HIEY, kg
Fuel: HOiSH HZ2l9| Of4X|H,
TJ o
EF: HiEAH% ka/TJ -
ir gRol ZR(0. U, ZR,
LPG. CNG 5)

A R

k: HEEXZE EXIO): 22

X))

B

2535

Jpp

o 3

Emissions = S ij(Fuelij x EFij)
Emissions: NMVOCs
SHEHHE, kg

Fuel: @=9| of|LHX|, TJ

EF: BiIEAI== ka/TJ

ir gEo ZR(0. U, ZR,
LPG. CNG 5)

jo ATIO| HE, BIE7IA MTFXK,

28 e 52 24

ir
HO OF

ASitel SEHE, Q4

)

S0H5|

Emissions = X i(Fueli x EFi)
Emissions: HIZ&, kg

Fuel: B2 &5 idml OfIL{X|2H(S
= HiE &), T

EFi: Q= ZF 19 HiEA=,
7|Et=S kg/TJ

REDE

2= H7|1S R, B2
UYHT|= HE e H7|= e, 0I2R HVI=

OHE

CH4 Emissions =
Ji(MixEF)x10-R

N20 Emissions =
SiMXEF)Xx107°

CH,4 Emissions: 2&171A

TEH7|29 HHEZ, ton/yr

7|12 M2 72 Mi: ME5H 2| Q&0 2lah
22 H2lE {7 W78 £,

tWaste/yr

EF: X{2| iof| CHSt &A%, g/kg

Waste

it B3t = 37448t
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MSWg=PxPtacxMSWpxBir2cx36
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MSW: = AZIE|= S 7|2
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£, tWaste/yr

p: 21514, Capita

Prac: H7 122 AZA|7|= Q17 H]
£, Fraction

MSWp: H7|2 L4 ST QI
%, kg Waste/Capita/day

Birac: ME2IE 7 |Z SZ0Il CHaH &
o=z AZEE= I7|E Y9 H
£, Fraction

365: 149| =, 365day/yr

4 M2 2 WE A2

e
=2
Z5: HolRI(2011). EAZIEZ0[C] 2MTLA QIMIER| TE U3k BA=Z K50, pp.108-112.

(7) Al 07| EtAEET 0F: = 4o10] AHX| Z2HME AR|25

2 A E= EAIFTHY] HA| Ao TR0l g vlERE APYShaL, B4
A AR Hiet avE 45k Aot} ATHollAlE AT AIAE AlEE0
&SRS Thetolr] s Aolls7] 24121 LCA(Life Cycle Assessment) & 4
A A, A 2E A A, BA 2D, A Ha F A DA o]ttt el QI
EZE 5511

ATHA|AE] Ao A 9] o714 drablE JIHIED = A gatlEs, 1H g4
HiET, 18 2Aagrd o ® FESIIT A gatlES e dEdol EiE o =
S5= CH4(MEhH et N20(OH:IEE 45 9] el 7HY ehauliEsdolls AHA AL &
&, 1, 29, FAIES, 29 A wpof| A o | A] 4n], e 4], AR AxH]of s
t= 4 BliEo] 2Tt A o] AL A oA Aok e AaEETE T AR 9] %
AN A AR E AHlsHHA A= TS, T12|al AHXAE AE] A4,
+9, AR B A 2ol A ARE-El= B (equipment) 9] Y AH]F} oA
AH|Fo] 2T SASSUAS AHAAE AE 29 5 =412 ©®AAE(carbon
sequestration), & &, UlE 55 (runoff) A%k, HlE LAEE 4, A= YA

HoF So7 PHEA,

[¢]

25) Lin, Xiaohu et al(2018). Prediction of Life Cycle Carbon Emissions of Sponge City Projects: A
Case Study in Shanghai, China. Sustainability. 10(11). pp.4-11.



/
] Energy 1 Energy 1 { Energy ! / Energy {
| | consumption of | || | consumption of | | | | consumption of | | | | consumption of | |
| conmstruction | 1| operation "y i 1| di bl [
| equipment | | || equipment || 1 quip P! quip |
Pl chalebalady Nprtein__ Snlnieialy v L n ' '
¢ Materials i Materials i q | | Degradation of e 4 P - '
: production : : transportation : :\ Transportation ‘: :‘ pg:.)]lutants E : Transportation E :‘ Transportation ,:
l 1 \
I\ ’

: N
Accounting Phase i g Carbon seq i )

in green space ‘ b |
.

[ ] puectcabon Emission

: ‘ reutilization | o
I:' Indirect Carbon Emissio: :
i savmg
— ==
Casbon Sink \

[23 3-3] Aoll AHMXIAE[Q] EtAHHERF APES St ZA L QIHIER]

&% Lin, Xiaohu et al(2018). Prediction of Life Cycle Carbon Emissions of Sponge City Projects: A Case Study in
Shanghai, China. Sustainability. 10(11). p.5

.

ABANE] A0 EailE et e g4 U] APgol w2 S4E Sagselo] 4
J) SalEet gotA) A4 18,89 Foltheka FBIIE T, ol5:0] AojF
7] 5% AHAAE AL AN L4 ThA% FAHe B vl P AT

A 7158 4 3ot

Wi

f

105,018 kgCO,eq 146,176 kgCOyeq

75,537

kgCOseq 2,570 kgCO,eq/year

Transportation
= vu‘.’x',".’l., Spol;:;:g?tc;es‘;fitem
v

Materials Production

5,095
kgCO,eq/year

Disassembly

40,381 kgCO,eq/year

151,186 kgCO,eq 7,309 kgCOseq

Indirect carbon emission Direct carbon emission ﬁ Carbon sink

[ 3-4] AHXIA|EIQ] ELABIS T} E4:0] T3t MOI57|N 52
£X: Lin, Xiaohu et al(2018). Prediction of Life Cycle Carbon Emissions of Sponge City Projects: A Case
Study in Shanghai, China. Sustainability. 10(11). p.11
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O AHXAEQ BAMEY LHES fIot 27 & L84

&S, 18al gAagd o ® FRESIgloH, HiEAHY g2 IPCC &0l 2715t
o Q4 HiETF AP o] e = A,

H 3-14] AWK Z2HE BAHIEE LAY

=2 Ay

=

5 BANEY

(Total carbon
emissions,
TCE)

TCE= (TCEp - TCEip) - TCS

EF) = BoxMCF,

o EF: OIEr BHZEAIS

* Bo: R7I2 71 2ol HIE tiEA

*  MCF: HEtEEAH

BtA XMHERF | CHa | Clow = Moo X Bo x MCF x GWPg = 0.625Mcop

(Total direct *  CEcna: CHas HIZEHOI| SHHSH= CO;
carbon * COD: afst™ £tAQ12
emissions, ¢ Mcop: CODS &
TCEp) *  GWP: X|2H3tX|4

CEnzo = My x EFnzo X GWPNzo = 2.34TMy
*  CEnzot N2O HIZHO| SiESt= CO,

NO L e s
o GWP: X|7-2H5K|4
TCE;p= CEmp — CEmr + CEect CEer
CEwp = Y ) My X CEupi—1)
i
KR | o CEwp: KRH AARA| ELAHIES
Mt | e i KXY ZHEIZE(E32IE, XHZ, PVCII0|E, T2, BiE §)
* My ME AHIE
o CEunit-m R SIS HAHEY
Bt ZITHIEE
- CEur = Dist x M x CEunit—m1)i
(Total indirect mr z?.:( wit=17)
carbon o | ° CEur 23| EAHIS
emissions, =o o 124 Art
TCEp) * Dist: 25 72|
o CEunit-wr: X 27 2 25 H2|Q| Tl EtAHIESS
Cloc= 35 (P x T X EFud),
BHl | o CEeer M7| 53 MH|2| ELAIEY

. @I B

. P | T




o T Xt ARBAIZE
*  EFe: T7| 2H| HiEA
CEer = Z (E x CEunir—e)s
i
CEer: OUX| S YH|2| HAHIEE
e ITHHER
s E:OIUX| AHI
*  CEuniter MR AH| TS EtAHHERE
CEac = ZCS\GA X CSunit—6a X T);
i
¢ CEoac: A9 Et2ZA2| 8
SR | e in AHEXIAE| 7|EAIE FHE 2
* Seal ZX| HA
*  CSuni-oa: SX|9| EtAZEIE
e T:7|2t
CShReuse = Z - x CE{apfwater)
i
=Y (0 x OF x EFud)
[SR=% d CsReuse: 9\'% %g*l EI—_).\_%_/'&_EC.;
T e it AHRINE| SF AIM FHE| 2]
*  CEup-waterr T2 ABA| HIAHIEEY
o QE: %8 1m Y 2H|E= M7
o EFect T7| 28| HiEA
EtAS AL
=eeTE CSRunotr = Z Myunotr X CErunotthy
(Total carbon b i
. = = _ _
sink, omn | * CShunor B REF HUOR QI EtAESYY
= .
TCS) T;PT o i AHXAE| S AIM 7t 12
Tt Muunorrt IS B3 WS RES MUY
* CEunotr* Bi=RYO 2 HIEE BlE RESE Soll BAT HAMWES
Csﬁa/h-pur/fy = Z (E (Mam—puﬂfy X CEIa/ﬁ-pU//fy)})f
i
82 | ¢ CSran-puity: NE RETY LUSH UAZ QAT HASSY
8= | - it AHX|AE| EF AL FHH|I 12
s | o j AHXNE AEE SoH ZdAE QUSH JHE12
° Mrain*purify: ?:"—)lk—En_l 2%4%)%9—' %F
° CErain—purify: ?:li‘—)lk—En_l 2%%@2 Fn‘_r—)lk—uﬂgeé
CSBui/mhgfenergy = 2 (Oenergy X CEbu/Ymhg*energy)/’
L) ® Building-energy+ 2=~ =2= c>3 E—|6|_ (L) S o6 =
e cS ATXIAE| AJMS S5 ROFSH 42 Of|LX|0]] SHESH=
UIEPN EASEY
o | o it AHXNE| £ A FHH| I2|(=MRIE S
¢ Qenergy” 2HXIAE] AES Soll ZASH HIHX|
o CEbuiIdmg*energy: 3H%|‘ O'"L-le g‘ﬁoﬂ %Rgn_}' IE}_)}_HH%F—J

EX: Lin, Xiaohu et al(2018). Prediction of Life Cycle Carbon Emissions of Sponge City Projects: A Case
Study in Shanghai, China. Sustainability. 10(11). pp.5-9.
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(8) HFX| B2 247IA QIHIEZ| LAY
Mo MSAL R A M AR

o
ro
d

flet ST S OlMelEs BT &
FA171 (20212} Ho] £1(2021)= 2006 IPCC GLO A W& 28510l 1] 7
FA| 27N F ARE S SR B EE AIAIBEE. IPCC 2006 GLAA = BFA]
 Ef EX[o] 850l ] Qs 1 71T TRt 0] QI AFAIE £
k= W= i EXI= AOIstal Q.
54 FE-g HIRE LULUCE 7-29] 24704 AP gid=2 CO2, CH4, N20O=, o1&
& -Fdhs el Histe] E8AEE =30k 2t LULUCE #2°Fe] 27t &
Al A8 Al SEH 0= Bl A9 Hfo| Qi A, TARTTE, B Het 2A7HA F
S APIRIER AASHAL 9lor, ] Fie] 2AVMA A 8 HFAIR /A

FA 2t B} EX|of|A M-8 HFA 2 FESHITHIPCC 20006).
O 2 A7 MFX| 712 2 He Ay

* X|=&(Land category)

- IPCCE] A <of| whet=tfol|A] A&/ ARIXI(oD, 57844, &, ), 241

FEAD, SAIGH, A, 741, FoT) 5 BF EAJOIA 4PgoHA| gk EXPF Y
o EAIX|Y&(Urban area)

- TE-ZAAE ] 7| 2eflot @A S EC|E AlY Q] 7]Hlo] H= §EA]
% IPCC GLOfA AAShe “aA A3 thfet 15| QIXE AFE 3otsh
= 7 EX ) sfgete BAIA S ot

o EA 2 A2E2|¥(Urban & Plan management)

- FEAYHRY AAE ST TAA Y ©AESY T EEE Q5 ZAIA Y
Qof i QIZF AFEES A Yok & EAIXFE 2ooh= HARA &5A
A3 AT A= 2

rfr 412

O OjASHEts B4 &

]
ol
IE

IPCC GLOIA A3t Approach 12] APRR L Tier 2a2] AP 21851
E9] Tier 2a 7]& Al4= 2.9 tonnes C (ha crown cover) ! yr '0]H, Tier 2041 %
2, W= AR 002 7HEsto] 112{5HA] gote EtiEquation. 1). AFSH ©AES
g gholl olitsleta WA 44/12F 55t ot AagrwhE =S50t

=1

o OIZH HEX| OWIBIEIA BT = 424 QHY & STAK(ha) X AT
N24 R AR HYE(h)



(9) QMIEL| 15 Xte XAl At

Ao} o] TA| TZHS tFo 2 BralE QMIED S 153 BASES FARE A=
chea} Zo] Azle 4 k. AA), QI ER] Bl ujEdo] 43S AH/tHer B
Foke Ao] 2R SgjoflA 2] | Hof| viE s o] 9lo, = 0 2= 7k MY Yo
A 2HERE oY 9e BES]sH= Zlo] QJMIEE] F%0] 94129l oz FYx]
olof 3t} B4, F83t 4] oUAYEL A4EE Af- EAVIA T SR, Wi
5 A71uA), Gt A G 5 dioly ], = FFEAoNA 2 oA AH], 71 &
g RO = He] BRrtE 4 Aok A, Adg ol s ol tig i
EdE o9 EX|o]& EA wet 23 15 G S Yk

=
=
i
r [¢]
=

H 3-15] QMIER| 15 XtEXAF Zt

T QgD B2 B
-Scope 1 (XIXHA| L 21 HiE - E42)
-0HX|(I-0[5¢A) / IPPURARISY) / AFOLU(SEY X 7|EHEX|0|E) /
XX 2471A | o212
HiS2F APRX|Z! | -Scope2(KIXHA| LY 7H HHES) KIREH| =2
(2017) -ME AR, E AR, H7|E UM S0 5 2ATIA HiEH

-Scope3(KIXHA| Q| Hz|CHA HiE )
—“EIHHIE |21 oL X| DHAAMKIM 2P 5), ZRIHIS A M, B, HIIE S

1, 8%, I8, £ERE X AFEA AFUS SteXA HiERE WY IS

3 X‘kal
soaegy | GRTRE) NEA S8
=g ~N® U ZAZHALNG), B, &, 7|2
_ _ INYNDS
YIE 22011) | TR/ THA [ NR(HIER, FR, LPO) | H4E / KIotcty o il
=Tl
SADHY

oz - LHLAEE Of| L5 = XME [ AAE
9|(2013) A O|LX] / 712S MY / dek TY (KHIAR) o)

LZAIQI(2013) | A/ MY MY/ 48/ BT IEHEE AR 9
(L FAD /A (ke FAD / 2 MER(OILX], MEY- 71, Aot
HZI(2011) | ZHYHEAE, H7|, YAL), 25/ TR 5) / =X|(EX| HHE/E#%*) SAE g
2582, T2 HE, &4 J[ED /W7 IS0, M2, A7 i gE) 2
X HhE
—QUISXI0| 2! Iff HHESEH= CHA(HIENR} N20(OFABFEIA) 2| O
2K HhE
i ARKINEL | X Mt 2, 24, 2, QRIS 2ol T IO LK 2B B L | o
D2HE(2018) | HI, XX AH[0f SHH5H= ErA HiE ST
EtA E49
-=5X|Q| EtAZR|(carbon sequestration), HIE &L, HIE @&4(runoff) X
Zh HIS QUSE A, 71E oUX| % S
EM7 2021 _x-lxx HO QAITIA OHIER| AR Q5 MEX| 98 18
471 21(2021), | - HFX| & Er | Qlol HEX| 9 T A sl

£[£0] 21(2021) | - XN=Y, SAXIGY, EA & AlE@2Y

Zx): Ozl 54,
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2) MEH EIANKS W W B MY

(1) =Al S22l Bt HiE HF
TA] 379 QI o] whE TS Y T2 flshAl= A A Zgoll 24 HiE
B2 gestal o] & 4xglsty] 913t Algl, AA E g0 o] Foj Ao gt} o]t A}
Lol BEEL F1], 227} HEEAS|A] LATEA WiEERS 750611 4k A At
2 BAOl =2 4= Q= 37to] 2 4= Qlk o] sl SAA SR A F1IA 9
ehaulE o] sy meto] oo git}. o]t HRiste] w7 S E A T1E C40
] Mark Watts= 42 $200419] ghauiEo] thgt 3714 W35 A9t ) Qlct
(Mark Watts 2022, p.154).

A(Operational) HiZ
A= e, 3534t 55 8E

AE.3) [e] [
© U0 EAFIN ARITES Fof wiefet 5 gl AYHS whse] ST,

o
)
15
Mo
o8
1 mlo
f
ol
=)
N
_?L
rir
ot
3’“
£
o
of
=)
HHN'

O LHXH(Embodied) HiE

Al WA Bie2A] 8t 7|9 A3 9 EA 5 2180 s B780llA EA¥sk=
&S it ol2fgh WAl HiE2 A 29 F-2 A|QIeh TAQ] Alg AR s
AR 915k oA DAR SAFHE IR BLHAE] HEgof| 23} o 7} =0f=jojoF Fit

O AH|(Consumption) HIE

AR 2= T A] Z1F Hjof| A AlgEo] it 24, o F 5 % T AHE ol T
AYoh= HiE BlFeolth o] 4| vijEof| theh vl & Bk B3R HlolE 7t %QOME
Sk, A F7F 20 whE AR A HiE ke Aol Wrkal wET] o], &

Tofl A9 A HilE HEollA = HiASHES i

[E 3-16] TA| EtAHLE H

7= Mg LS
2d s 212, SBI74 9l 280 AZE HLUX| L 7|12 H2| IO LYSH EHA0 TS S
(Operational) -MEH M0 Lok HHEE
LY b5 212, 7|HALE iU T X HEOIM s vhE o
Embodiad ME RE, ME, X, RAIBS, 4, BF|, L), 17 |2 W R QI8 HEY S
(Embodied) W37l 3| SAIo] 20|ZAO]S S
AH| HiE _ - - _ -
| o S LI AFZESO| T0HEE S, O1F 2 7IaR 4 X AHIAS Sof 2ichs B i
(Consumption)

£X: Mark Watts(2022). Urban Transformation and Carbon Neutrality in Smart Cities, A0IEA|E| 222 X2 2022 Smart City

Top Agenda. ZENENSH |EXISS. p.154.



OPH EET A B Bk WS MRS A 8510l ATAA ] T vl ehiek 3t
S OIS ek oleleh e U9 4 % B9 oh vASlel e

e
-9,
-
2
>
;
oK
3
1
r
b
=
e
)
—i:
é
)
Ee)
§
lo
©
i)
2
0
)
®
o
AU
=

Ak 3 ool 4l 514 ez, S oA £ A8 AR o

of HE s B I, vhAe o) SAGI AL 28] S, 24, Hel So=

2 PHICE Tk

39 57}l 7|9t ofntE ] o SiRtA MBS AT ATANHE 214 TAN

A 18.6%, %3 TANH 80.3%, 31 L A7 SHACNA 1.1%9] o) isberat ofE S
EZSAQHNSA 91 2015). £ET ASL ket 2k

AT B O|LtafEtA HiEZ: 410.562kg-CO2/m®

rl

o CHR| SEE ST DIASHATHIS 420.43kg-CO2/m° > HAIS+E
5 379.61kg-CO2/m’ > WABH+SES 361.93kg-CO2/m’

[E 3-17] TaPd Gote| R OlMstEtA HiE(kg-CO2/m’)

2ste 28 SR/ B2
e (4041 22477] T2) o
AL
gﬁ_‘: es Mz | 2 | my =) ’LE A°’ET A | w22 Xl A
AAA 403.52 5.83 11.08 420.43 725.45 929.74 - 73.18 1,728.37 17.43 1.92 4.71 24.06 2,172.86
ABA 403.52 5.83 11.08 420.43 742.89 993.68 - 78.41 1,814.98 17.43 1.92 4.71 24.06 2,259.47

ACA | 403.52 5.83| 11.08 | 42043 824.08 161.46 | 688.87 | 74.80 | 1,739.21 | 17.43 1.92| 471| 2406 | 2,183.70

ACB | 403.52 583 | 11.08 420.43 776.82 69.65 | 641,51 68.37 | 1,566.35 | 17.43 1.92| 471| 24.06 | 2,000.84
BAA | 345.83 5.02| 11.08 361.93 916.95 | 1,035.54 - 86.42 | 2,038.91 14.94 1.65| 404 | 20.63 | 242147
BBA | 345.83 5.02| 11.08 361.93 992.63 | 1,223.69 - 105; 2,321.48 | 14.94 1.65| 404 | 20.63 | 2,704.04
101.8
BCA | 345.83 5.02| 11.08 361.93 777.61 86 | 730.41 0 1,695.82 | 14.94 1.65| 404 | 20.63 | 2,078.38
BCB | 345.83 5.02| 11.08 361.93 932.47 94.41 | 730.86 | 95.97 | 1,853.71 14.94 1.65| 4.04| 20.63 | 2,236.27
CAA | 363.37 516 11.08 379.61 1,141.78 | 1,044.86 - 78.70 | 2,265.34 | 15.48 170 | 4.18| 21.36 | 2,666.31
Avg. | 393.75 569 11.08 410.52 766.7 865.39 76.25 | 76.06 | 1,774.41 17.01 1.87 | 4.60| 2348 | 2,208.40

EX: B2 27141(2015). HIFFHI0]| 7|kt MESA| OJTFES| O|MEHEA HIEZREAM. ZEA|E]. 50(3). p.344.
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1,500

€02 Emission per nf(kg-CO2/m')

AR O AbSIERL b &% (kg-CO2/m)

"xRgs  Wpgs  ENZ ZFY Boapgie XEGy  Nysz  Sgy  s2s Exg
poisterial | Transport Construction  Electricty  City Gas Dishict W Demolition Transport  Recycling
T J L T .
744 ttA Construction Phase 2 FEHH Operational Phase S K /=| 7| St A End-of-Life
[33 3-5] Tuy Bt H O|MsIEA HEZ(kg-CO2/m’)

1(2015). TaPHEII0|| 7|85t MSA| OHILES] OJLHSIErA HISZHEM, ZEAIZ. 50(3). p.345.

A A S AAYADA|, A8 DA, FAIE DA, A A = skl ofdksigt
A iSRS B7H AT A7 AEATHESE 2016). AR QS HisEH A
=9 A AYofiF=r]o] whE 30d7He] F viE T2 APgs =, BAE BiET Blsol A
F3] & AR Btk ATt HiERS 578 ARl weh v=7] iz, Aol 7id
= RIS 3087 & HiEE 2YE £ u A4 oARl ARARARRATE
487tonCO2-eqE 20.1%9 H|EES AA|olHI, AlZ3dAC|A+= 11tonCO2-eqE
0.5%2] HlS= H3lth A=) ARGTHAR] FAR=HA M= 1A DA 5 7F %2
H]Z2] 78.0%(1,890tonCO2-eq)S EY 02X 7P vl &so] e thA|YdS & 4= QL
o}, upA]alo & S HA = 33tonCO2 eq R 1.4%2] HIE-S H 9]0 2 AlZctAe} 5t
| ou|3t v]E-2 ARSI,

o 30¢ 7|2t HHe(HAMY HEE: 2,248 tonCO2-eq

it
2
=
rlo
1z
o
EY)
1z

W)
filo

=

0.

E 3-18] AS THOIFY| HAIE BHAISRE WoHzat

2 KERfA AL A2 QA2 A | G E HEY | ComNY R
= 2% 2% =% 2% (tonCO2eq) | (tonCO2eq/m?)
A7t E WS 487 11 63 33 595 5526
(tonCO2eq) (81.8%) (1.9%) (10.6%) (5.7%) (100.0%) ’
A7t =
32;,_%° 487 1 1'8950'28 33 2,423 9 248
= ;
20.1% 5% 1.4% 100.0%
(tonCO2eq) (20.1%) | (0.5%) (0.5%) (1.4%) (100.0%)

EX: Z245(2016). MU YYRS 0128 M2 0| Ty BtA WS 7 A 2A00| 2et A7 SRS AISE S| SEUE

e ==&, 16(1). p.259.



2008)°f| A=

A

—

o]l
AR

EX:

TH2l: tonCOeq
2,000

1,800
1,600
1,400
1,200
1,000
800
600
400
200

487

TR

HAUSNBEE| SISURS =2

557 Zo|TAL 2ol A o A] 4xH]e} o] oA
&, AlB), AR/AAREEIEAIRE, A9
A, A/EZAEA, H7DRE ol ZAflE HAE TSk,
St ol | 48] ARI CO2 HiE DS AABIAH. oF HauiEdS A%
CO2HEdT = DAE R v} E.

AGHA CO2HHE 2TtRl(kg-CO2/m?): 432.7(HSZ AR THE A ATHHA|

413.2, XtxH A 7.4, NSHA 12.1)

AHZ/RXI-EHA CO2tHE
10.6, TAI7tA 0.8, RX[&2] 0.7)

X|HLtet

1L-O

HA/H7|HA CO2tH=E

T 0.53)

AARACIR

O AL
25T

[e 28 X

—aiz

oft

11

Hi=g —3od N E =Y

1,890

11
AIZEA

[23 3-6] Z422| LCCO. HiZ2F Y7t Zat
Z£34(2016). Mgyt

WHES 013 220| HIHY B HIEE B S0 B3 BT,

odT=

16(1). p

e

[E 3-19] 2{0|ZAI0IZ OLIX| X O|AkSIERA RITHY

.260.

HHRl(kg-CO2/m-H): 27.9(X2 15.8,

Rl (kg-CO2/m): 0.6(EAHHA 0.07, H7|

WS 3% AT

OflL{X] AH| 21T

CO, HiE2ITe]

= (Et2]: MJ/m?) (E12]: kg~COL/m?)
AL 4,790.05 MJ/m? 413.19 kg—CO,/m?

Fal=] 28 104.92 MJ/m? 7.40 kg-COz/m?

CH| ASEA 198.04 MJ/m? 12.15 kg—COy/m?
A 5,093,01 MJ/m? 432.74 kg-CO,/m?
N2/ e 117.68 MJ/m?- A 15.81 kg—CO2/m?-
ox| X<t 170.42 MJ/m?- A 10.60 kg—CO2/m?- &
:"-TFEI EAZIA 14.58 MJ/m?- & 0.81 kg—COp/m?- i
:ﬂil X 6.27 MJ/m?*- A 0.75 kg-COz/m?-
= A 308.95 MJ/m?- 27.97 kg-CO,/m?- 1

A/ A 1.07 MJ/m? 0.07 kg-CO»/m?

H7| H7|SHA| 73.97 MJ/m? 0.53 kg-CO»/m?

CHA| 24 75.04 MJ/m? 0.60 kg-CO2/m?

EX: 0128 [ER(2008). SSFH

19(4). p.96.

Ho

2tO|ZAIOIZ OfL{XIQt OJttalEta | 2ot A7 S=FAstel=2d.
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3) MWEH o

o=

m
N
i
m
o
4
A

3 oA EABZRE TSR TR TR 5 AT BRlolH SRS W
She ARE Tolsty, o] 2 Bol BB Y 4B IRAYTA T4 052 w2
She o) 285k Stk TLefstel EABIOIAS] ATkA HiE Aot Batste] 7]
AT B 2AIEOH, oS Hefsle] HBY ANEE 75517} sHAr.
£5], 25 EETE BA5Y T2 AT AY 945 350k Ak

OS2 QMED TS I HsTE
0O AMOiZ7|(Life-Cycle) XFI0AQ| MEHHO| S} TH|
A F7] ehaEo] tigh £2E olsfiols A2 A TREoZ A Ao AYof

2712 BAS TR B AT 5 k. AYATES 510l B 1), EAZ
o) WA EA) 2A-EA S-EA SR A 2 RS 4 Urt

TA 24 Ak mP Ao 2AE Hlx e A EE dARA, A AEE 98] ol F
olA= ZEE0lA oliteietA HiEo] WARIT. A 2 BAls Al 240l e
T TARIo] AF5laL A HIZY A 5 QA7 BE0] o] Foj A= DARA, ofFet
Tt EEe F3) i viEo] AR viAEte g A SiA] DAl Al 24 TA|9

UM A AT AEATS} o], AL A viE FFE WAl(Embodied) W&, 29
(Operational) ¥ll&, 42H](Consumption) Hi&E FE51=HE o5l A WA viEat
AH] HiE-2 L 31 AIES B3 BAIVE B s HlE M 9lo]7] wie] & ]
A19] L 9] eAiE T AP oAl = 23t gheth A= S AEE Bl v
o171l TA] ol A1 9] ehantlE Esoll thet HiE=kS AP W flol] ZIA7| =5 gk

O BAE 25 72
B2 BN T B0 2 83t ol R0k 3, 24 24 WA
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ERAMIS- S AS 95 A 2 4 HE

OFEEL
AR k2R AT AT EEHT BN UUSIS AESHE A7 A
Y AHARSE 9] 2014). £ AT EARY AFAI 0] 71 k&S ALY
FAHA A 2R Y AF Q] BF ARG ARSIt Ak A B

ROl 5] A, BRSAT, B4 Yot A oA B8, oUiA] W A
2 ANSIHOH, 7 AT LA At} APYALS thewt 2

rﬂ L
_l
1
=
o
N
rE
i
By
e ok

H 3-20] =2 B2 MEA SMIY 7S ME6 HAUSY

HEHA SATHY AZRA RERA =TI AEIQ A St 2 AN
oz B9 =17} 9 10-30% B715H21 F| &l o 0.1~0.3% A2
S JH ;i ;

- & B4 HiES x XZE 0.003

HYKC2E 502 TS A 1Y O 2.45kgCO. B KU
- HIZFS2 BIX x K22 2.45kgCO; x 0.001
HIZER 1wl O 0.25kgCO, B X2
- HIZIS2 315 x K2 0.25kgCO; x 0.001
ENQFZ SIM 1 Of 0.0534tCO. 2 MY
- AX|HE / E37| x Xz 0.0534tCO,
FAE3712 LEDEHOEZ WAl 1HHHE 212+ 0.95tCO, 5 Xz
- 0.95tCO. x AIEAIC4
A 5194 328 7|ZO= 1,192.95kC0. S X2
- ZECIBIN /3.3m? / 323 x 1,192.95kgCO;
SPYZ(2014). EARKIAOIN KELE =4 AEIA B o SAKZ Gajof 2ot H7-FFA CARE
2. SEEAEAES]. 15(1). p.179. E116H0] 2.

AT OLX| 28

OLIX| ZOf 5T

X

T

|5
AlO
£O.

O{)I u“

AR of] 283 5 QlE SAATEA R AS =ESIL A A9l A a Y}
E AR AT QthA5d 9] 2013). & =
FAAEHS AASIH O, ZF A QA AP AL T3 et

H3-21] 258 58 HHLAY EANTY
AL ZF M2QAH ELAKZIZ APY BIA(1H J|E
AL 5teA MIThs x MO RS EAHIERE x HHHX| MAE
=orIF= (MICHE L2 EFAHIESE 1 O6ton ML, THA|EEIRA MEA| LI X| 90% &2

CoTi
HEH &2t | EHUTEE HE(n) x EAKZAZ(kgCO2/m)
A|AE (1Y 2 312.4kgCO2/m EtAKZY)

SR N5 01Z2K2013). HAKZ A7 42 M2 CAWEDY 15 U M2 511 24 (HHZIA M7 825 A
AZAY TOIS (MO~ HEIZISEIS| =27, 20(9). p.173. AI5H0] &H.



O A0 ASE oA TS SIS TS ARt A 9] o] ©a
HiSE AP T A5E oY A AlEE oS 53 AnER
Ag 7S AEshe A7 JFPEHJAHEET 9] 2013). 5= SauiEsd
2006 IPCC G/LolIA AAIet A ol whet AP =] Ut A 7R ARGE S A 7k
SARE Bolo] RALSIGI O H, A AR A EFARE Boto] ARSI 3H4
ARG AR H=ASEE AFQEﬂOIEM OB T EAIZEA ARG Aot 5F

T A Atk 78S B3 e AR S ARSI
H 3-22] IPCC 7}0|S2I0IS E5t HiS2F AR
S 2 Abgur: ERA HIEZHTCO2eq)
CAA EATHA ALBZH(M?) x SUHZHMI/m?) x GHG BHEA%:
(kgGHG/TJ) x GWP X 10°®
R 7| A2 (KWh) x GHG HIEA|Z(tCO2/MWh) x 107
(7P<*/*+°*/11 Mo MQZ ARREHL) x &LIZHMI/L) x GHG HIEAI(kgGHG/TJ) x
o GWP X 107°
4Et MEHR AHB2H(kg) x 2L HZH(MI/kg) x GHG BiEH14 (kgGHG/TJ)
- x GWP X 107°

* GWP : X|Ft2Hst X5
EX: 2L 2/(2013). LR X2 HES EAHIESE ME0| 2 G SIS =2F. 29(12). p.233.

= (=
=2 B4 HIEEH(TCO2eq) AP
A 71 HEiE 3x(8) x X|%(ZE) B 7IHENE RITRI(TCO2/S)
A/EZ | 1B 82 HE(M?) x XY(ZE) B U2 8 ATH(TCOz/m?)

S5 2FE 2/(2013). =R X|2Q| HEE HAHIEZ AE0] 2t A7 S8t =27, 29(12). p.234.

(2) SE=X BE

Aeta: =AY 7 o 7 B RO A YA =3}, 4 S/

sk} AAEAC (G 91 2014), 7 A R4S T3} APAL Thewt 2t



3 Aol 8 4 Qs TR A 84S EESHL FAIAR] BaA
ARI7E LA ARG 9] 2013). F05 ARt 54 F QA RAR S =9
i =3}, 2F4A, 2, AN, T 2R, B pAl S AMS e, 74 A
=z
=

FELA SIS QA KERA MY AIZIQAS Fat 3 LPYA|
SAESI0)| [ K| HA 1l QF 0.1~ , 2 Xzt
o Sy=slof| M2 =X 5 0.1~0.2kgCO.E X

- =3Pks BA x O.2I@C02 x 0.001

Z8 Y =X| HHo| ZT10]| M2t TmE 2 0.7~1kgCO. E ML
- S8 A x TkgCO: x 0.001

MEHZY T 1 e OF = 1z
- 3% HA x0.91 I@COZ x 0.001

Zd HY e 2 0.25kgCO. & MY
- 58 HH x 0.25kgCO. x 0.001

BaT7t E

T

x:

G- LHFEQ2014). TAITHMAII0IM KEA =M A2lQ A 23 o) BAKZ o] 25t A7-FHFA 24
SHUOR. SHREAIEARIE]. 15(1). p.1799] BS EASH0] 2.

[E 3-25] =X| 2 AHQAE EAKZY
aAgs 7t 24 EAXZIE A WA JIE
oymg | | ZERHM) x SHIRHY HAXRI(GCO2/m)
(1me 2 0.826kgCO2 EtAKZ)
=5} - ZYEH(m) x HHYY EAX AR (kgCO2/m)
B (1S 2 0.11kgCO2 EtAXIZY)
FZAIRY 7t24 Tl x 22 BAX LR (kgCO2/1R)
e (a* 229 34.60kgCO2/m EHAKZY)
39| - _{6‘ X-{(m) E_|-O| |_Z_-|I|ér 'Ef*x‘l?:.%F(kgCOZ/mz)
o (1w O 1.73kgCO2/nt EXARIZL)
AHA - ZEHEN() x TAHHY BAK 2R (kgCO2/m)
(1me 2 0.25kgCO2/m E-AKIZY)
ey | - ESBEM) x BRI BAXZ(KkgCO2/ )
N (1me OF 0.27kgCO2/mt EtAKZH
EN-FTe - ENHE(r) x SHHML ERAK 2R kgCO2/ )
TS (e 2 0.1kgCO2/m EHAKIZ, 4KAET)

S5 HE21-01ZEH2013). BHAR 7|4 HES CAMPLDE 75 U MG HTH 24 MY AT 825 M
ZEAQ TS (AOR - H5HASSHS] =27, 20(0). p.173. A0 A,



JRIglmete] ofAlateA B4R APFSH W B 71 HEEA 2L A 55
R B, 27 20 AN 4+ L5 502 TR YR 185
= oIeHErE A 9] 2013). ST ATABIAS A 831] 9fat Bt AR P53t
= Blols A Q7] W] o) 2 Sttt 3 U YRAES o] 83 Y, 43
O] 5 ¥ AP SO Lieo] 395K 3 o] aislol] AF§E|T ek 41
Aol A BG4 APYALS Tkt Uk
H 3-26] ORIBIEA B4 AFA
AR} O|LtSIEA S LA
&g 9| Y=U= 5 x Z7|Y=(1+X|5 CiH| X|SHS H|E) x HIO| A
(2010) EEA x HAMSH 4
g2zl =EAMEA = x 5 (5 R4 x HIO| U A)
(2009) * HIO|RUjA=a(E1X|Z)b
Y=DSUWHHS x DSUBS SAKYY + RSN x DSHTS EAREY
+ BSHIHA x BR RS AN

+ BREHSS x BRI SAXIRY
o

=}
p|

o
0|z * IRSIXA EAKAIR=0,2572 x ETE|AN2.4505 x 2EIH
(2003) * WERAAS ELAKE—E=0.3510x ENEIAN2.4595 x 2IEIH)
* L2 Y4 EAKARE=0.1800 x ST ZN(1.9404 x 2I5|Z)
* DA EAXEI=0.1608 x STE|ZN(1.9494 x 2=

IPCC (2007) | Y=4BI|2HX x2.9 tC/ha/yr
Zx{: 9r5A 9/(2014). TA| JRIQITaL S50 M EHAKZE SXIETHEM: MSAIS THNOR TAYNSIE. 27(4). p.4.

A,
18
i)
2
uich

of Shage) 2710k Woke WA o] § Rs AR S F7bE A 1
Szl Wt IPCCollA AAIBHEL Qi 3(Tier) 1~39) g 71e ] skt

H
ot
1o
S
L

£ o] glo] APYHES: 5111 YeHAU: 21 2010). oJo] S5 AT % olAtatekh &
580 ek AT HA] U2 HlE U B 710K gho i 2. olo] 2%

»
i f
rﬂ;j F{ﬁ
e

A= Ak E7144 8T m? /yr)oll D vho] @ m Ak
H281%(ton/m’)& Fote] A7k Hio] QA F7IFS APsIit of

flo
T
=
rir

71ofl EpA) 7HX12} 91 55 42k ol 1] AAHELS A7) Slslel 4t o] o]
Bk A9 A Hlol ol 0] ul&-S Fato] YR vol orj Z71E metElg

o, Eg A A vo] Qul o] EgEo] Gl whauleel ehasIRN0.5)%
CO, ARAVAHE4/ 125 Flo] Ak olAtahets 528 Aot

o TA| HIO|ROHA #=F 7t (ton) = E7|XHA =MEZ(M3/yr) x HZAHIS
(ton/m3) x =7| HIO| QYA CHSH X|A HIO| QDA H|E x X|AH HIO|R
OHA H&|0f| CHSE M| HIO|2DHA H|E

* CO2 E4-8(tonCO2/yr) = M| HIO|QUHA £Z712H(ton/yr) x EtAM
$I0IXK(0.5) x CO2T1EIQIXK44/12)

H3E - Y HEY PSS ZA-2M 89



Q) us #=2

T3 WSEE CO2 s 9 7= AR AP RS 9] 202002 oh2 Tt

AR 5E et AT, g A, 9] D AA H/-E 52 7 Hle R =2

WEHEC| BAUSH] viETFS Ast & 2344} B, dieus E4Ist 5 2030 =
_]

e gt we A, olwy
3he BAH o 5810 vl At CO2 HiET Aol BeTho 24 27 42
2 71 7 52 B QU 2L RS AT 4 YES Pk pjgtoE
15 ARG 1 ERDFRE U5 P SV L 4

WS}, HFE Bt of A 7H 15 el tslel Ay
ERRERES 7] ol 5t S50 2 TR 4 ik o] 4L IS
A54ot G A T P 21(2020)9] AT A5 A AH T A
AR ERTERL ofifx) A SR o] ol SHHOR AFL Al g
P AYGOE WA TR ARHOE 58, 5, FBAR L-odek ARH
UA) e 7] 18] XS ThA AREE FESle] A SRS 4
2} %0] Wi FHALI S A 2 A5 oA 2l T 5
ofefat An] TEE A G ERIFRL| LUTRA WfEL of 14 Avje] A

T AT HEARE Foto] =2 o QU

i
(e}
N

CN ,km

Yy = CNyx CN,,

< EFy,

Ya o A 25O td: oz AH[H, CNy  tdk
o] A 2F FEH
CNykm @ tAE A 2F2o] & Fal7]8], EFy : tdE
A 259 ¢y

| eko o8 BEo AWK 7| 98 wESTe] A
TAF7HLCASE AARE A4 A 2017) % Utk o]= Yofii = e, =2 32
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© R Of|4X| ABIZFO| ZBHTOE/vehical) = ) 28Al Rk 104 Ei

1THAY AH|(L/km-Cf = HY) x 2EHE|(km) x AREH UL x
1TOE/10’Kcal (= 2YDT: AR}, TEHA 5)

© 2%A| OlLIX] AH[ZO| ZTHTOE/Y) = ) 2Al X 10} F= 1HY
i
g SH|(L/km-IH E= BH) x 2H2(m) x Szd LY x

1TOE/10Kcal (= 2YDT: A2}, TLEHA 5)

[E 3-27] ESE HIYWIS S8t B4 X2 5 E2 B2

£2
@ax a8 24 HA
2% 34 EIES:] 2s, gt
28 27t - B 2R ME, SME, MME —%H?*II: PAH %ﬁ%
- EAX: EF, SBF, S - TEX|: =3
=3 s|dte ze
G| 9.38(km/L) 4.0(km/L)
Of|LfX] BAEHe* 3.48 9.46
HAQ) 4 31
AHSXII 1.55 23.4
28 72|(km) 316.1 316.1
os oicroms | 25% BRI 3.48 1.22
YA ofAx] Hes 50% SXHA| 1.74 0.61
75% S| 1.16 0.41
100% SZHA| 0.87 0.31
MG SXA| 2.25 0.4
X ol x| AH|Z 0.03 0.07
S3A| oLiX] AHIZ 39.93 21.85

¥ MS2% 72t B9l MJ/vkm
** CEOl: MJ/Ql-km, BT

EX: BIZTI(2017). TIPFHIHLCA 7|8t nE4Ho| SAY 24 SHULHEO| 247IA HIES SHCE. 2

XM p.81, 83. RS0 KA.

AqEz Mz e SFHECISH 59, % 53)<S Lol E= w5520 of
Aoteta BiET BEE PRt A2 wiEF AP o] AIAEHATHAHHE 2] 2014).
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Emission, = (lengthi Xvolume;”‘f XEF(si)m'f) m

o

5=

=
oflt

9

S
-
@ >
AT A VO - 9

=
i
3
=
B
ot
I

H (1 Gasoline, 2: Diesel, 3:LPG)

Emission, =Y, Y, (length; X volumel™! x EF(s,)™f) CO/DR(1 s, 271%

t=1m,f=1 K :5378“?‘ ami
(3) o )
Emission, 1 W2 9 CO; &%

length; S 3 e AF

.. mt - @) . ochn
Emission,. = E Z lengthl Xvolumef‘m’f (4) volume[™? : J3 i8] mTEHE f =
== EF(s )™ &% (s,)8 COx MEAS

><EF(3L») ) s SCERDIR S =

S A 7O R 5 BRI A 01§ B8 AU PRy wES
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[E 3-28] WE H2 XEIA MM 7|HS
HELA SAMTHY AZ2A FELA SAMTHY H|Z A =4 U A
A £HEHE 5% 37t A WS BHAMES 25% Mz
- WERE HAHEZ x 0.05
CNG HAE= 24t A1 HAO| H|si 20~30% SHAXZ
- CNG HAZ 25 WHA| HHAEFA SIMEFy 0.3
) EMXHAH)\FH()-”A-I FEIA =AM HZIQA B2 Ol ELAT|ZE 0] 2ot BP-HZA| CAEES
t3]. 16(1). p.1792| EE Y35H0] .

13

St BAHEY

XHEA 0|2 &M435}

oY o
0z
|0
Hu
ro
H
H1
> <2
m>
_[Ol
pl

AR of) A-8-5F

s A
T AR =
7t 2AE A H(A A €] 2013), EXIOI% 2 WE F20] AP A v Aok

[E 3-20] WSEE MR SARUY
anea 2 M8 A EARZY AP W14 J|E

EX|o|g _ _ _
FXIOIE | ke x MCH R1ZIChS x RIS 10 EXAMHERIEIRIGCO2) x 10%(EAILIXIZOISZA )
= IS

EX: MSS-0|Z8K2013). EtAKZ M7 |
UEAY TS Uiy o=- LHa_ HE5}S

-

€ XBH EATIZE 75 3 N8 53 IS AT 325 X
=23, 29(9). p.173. HTB0] 4.

ﬂﬂ
U

O 0l A2l =F

-5 F0] HaHiEEE A5 | fsiMe EagRe] ol AP0 E B’k
st olsl7} @35}t Scoppa, M., and Anabtawi, R.,(2021)2 ¥5 7127 HEHS
ARESte] FrHESE W TSRt HYHEE A 2 AFolA ols A= thae
WS 59l AAFEIRAT Distancelil= S4A SA|()lA =2FA] SA|)71HA19] 713
72 712 Zo|(d)o]H n Z&HX| 9] F 4ot

Distance [i] = — Zd (i,7)
" iZi

5 o192 5o 842 LA Aolch o 19 o1 o4 B 3
S UIERS F2E AAo|(E&EAS} FAAIE A= Wl o] H&E 7T
S FrEY AA| o5 A7t uit RS W22 FAISH ALEH sf4o] &l
Stk Route Directnesslil= 84| A(1)2] 2417 Zh(Directness value)o|th. &, &
A DA (NN Bs E2A|()71A] 2] Z HIES Aotk j&= YA EAHQAA] 9

FAZg AR whebA BRI ZA Y 4= k. diE jucks SEA] ZA)OIA 2

ZAR|()7HR 9] S-Z2 = AZl(the Eulicdean distance or crow-fly distance)©]il n

: £
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2 =229 F Ffgrolct,

Route Directness [i] = % idi,j/dfjwl
o

Redundancy Index+= F7HES HARIES] A2 € 8843 B7Is] YA
ojt}. o] 71219 £44-2 UNA(Urban Network Analysis)2] toolbox’s redundancy
index[56, 5715 AM&SIo] Tofsit). o] o] wEw Tl T H=(a single
shortest route)”} A2} L2 E A2 W, TrE v 71 =Z(additional longer
routes)& H7FsTt tito 2 2ot o] tijks E3l =A| 7HE HiX] 2] 7542 ©lsf
gk <= QJt}. Analysis of redundancy< 274517 HJollA+= 3] H]E(detour ratio)<
A sfof 2ttt o] gk SRR HAA| Afo] & o5 5= U= F7t 4olE A=
o] AREET & AolA ARSE 318 20%= HTFA R ES ) 20% B 71 AEE
FRS A 02 7Hsto] dolE S5k

Redundancy Index [0, DI &HX|(0)2} =2 (D) Al0] 2] Redundancy indexE 9]
13ttt dmin(O,D)<= 02 DE A4sH= 8 =0, d(path: O,.D)= 02} DE A4
Sk= Z&9] Zojott. £ AgtolA= o] @2 24 d(path; O, D) in (dmin(O,D),
1.2dmin(0,D))& W=+ HEE AREHE) whA] o] A= B =] oS 20% %
3] A HollA] o] 7Fset B A2} Hdt FE Alo]9] HlEE HHFI.

Redundancy Index [O, D] = % Z d(path; O, D)
min(O,D) path

Metric Distance Route Directness Route Diversity

| L \ _

- 0O—

o]

Key

i @ Origin
............... QO Destination

0 250 meters

[E—)

[
[22 3-8] Li5 1A H(Inter—plot)
£7X: Scoppa, M., and Anabtawi, R.(2021). Connectivity in Superblock Street Networks: Measuring Distance,
Directness, and the Diversity of Pedestrian Paths. Sustainability. 13(24). p.9.



Metric Distance Route Directness Route Diversity
2 1 2 1 2
o ‘ )

U

Key

® Origin

40 Destination

0 ?50meters
[E—

4 3 4 3 4 3
[23 3-9] 25 A M(Inter-block)

£X: Scoppa, M., and Anabtawi, R.(2021). Connectivity in Superblock Street Networks: Measuring Distance,
Directness, and the Diversity of Pedestrian Paths. Sustainability. 13(24). p.9.

242 Fo) mego], AR, BRIk /9% AZHFAY gt FulsH
SRECDEL RN 1:1 A 52019} 28] A9 4% 9
TS RIIT) UR/9)R AR rlorst BE Y| 20] ATS THIH B8

o4 Aol 27hakch 14 Atolo] Aclel 1AIs} 249 Alle) A4
DE B0l F231 9 A0 Uehih nhx|uto 2 PRDY] HEghe £
WAk, BE7|9} oA Aol i AR ekt

AT Bie FHES HollA 9l ool Ea7Fset A WelA A== d3el Al
OIH%Gvﬂ =] HAIF} BAglo] HiF-E2] 7% shte] EA]oA o] B
A74A]12] A== 500~600m ] Woll A= A= et 9, e A
gz olFg I F, JAZAIH e E =Tl 7S LBshe A-olle BA T BA
oA Aojd 4= Sl= ol YR8k As] LSl BatA2le oF 720m Y-S =&
o

o)

—r

rr
|

el

or[-lI

2) EIAHIE BT A QI3 AN U AL ZE

H 3-30] EIABKE- B4 AHS 3 A4 X A XA 5

AE 24 OIAMBIEA B -E7I ELAHS - S42F APGA|
2IAE 9 ° HUM 2(2015) o HoIM 2|(2015)
oE-_xloTRx 3 1LY 2.12kg2 CO2 | - MQOX|Qt H7|0|L{X|Q| SRt AH|ZH0]| CHaH

° | uE 212} ELASIAIA01 2 12 940,442 T3t & 490}
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AR QA | OLBEA HE-EFAS EFAHIS- E53 AEA
7| AH|0f T2 MAH CO2HIEZ(CO2)2 LY
, o QI /(2011)

' 307'2 ;H;Whg 0.44kg & - SAIZZH ELAUIEES = 0.261Vh + 0.222Cm +
0.318Fr - 0.258Cr + 0.182Fa - 0.064Rs +
0.083Rd - 0.054Pd (Vh: XAISAISEC2: / Cm:
HYUHPPX|SY HA / Fr: 8ME / Cr: I / Rs:
FAXY HY / Rd: WEAEX|E HY / Pd:
elIna:)

o BAL(2022)
- S x HHX|BH SA7|E x Z7ILREIEAS
- 3|29 22 x 0.00003TJ/L x
71,600kgCO. eq/TJ
- A9 22 x 0.000035TJ/L x 73,200kgCO, eq/TJ
- LPG: 2 x 0.000058 x 64,000kgCO; eq/TJ
o European Commission(2022)
o MRAMIIA HIEHA A - (M2l x A$2)/1000
HHESZF 20 U QIS0 B3t | - =2: (42| x 0.108t CO2e)/1000
X2, ®M15EM28t 2 - off&k: (2] x 0.03t CO2e)/1000
S 12 - M (2] x 0.065t CO2e)/1000
- 3|2R: 71,600kgCO. eq/TJ
- A 73,200kgCO. eq/TJ o U 2|(2020)
- LPG: 64,000kgCO. eq/TJ | - A REQ| tHE Of|L{X| AH|Z = tHZ0| A XS
SO x (FE A 52| & F8712)/AA=0| A
o European AE SEUS) x tAT A X152 G|
Commission(2022)
e - £2:0.108t CO2e o =7 9(2013)
° - 814k 0.03t CO2e - SAEE 01T 2AMTIAHIERE = 1.60081 +
- A 0.065t CO2e (0.00760 x ZMM= H|E) + (1.49782 x 191e
RLUSE0$) +(-0.01457 x XM ZAIK}HH|E)
o WHEM
SBEAIZIEE(2021) o 0|&2(2013)
- 3|2rQ: 72,233kgC0O2/TJ, | - SMIE XMSH0j| 2 O|MEHEHA 5|T[2ZH(Ton CO2 /
25kgCH4/TJ, 8.0kgN20/TJ | &) = 0I8712](m) x AZI0IB%H x SMIE
- 748 73,333kgC02/TJ, B71 x ALTESHE| 8 x IBHIE x
4kgCH4/TJ, 3.9kgN20/TJ AYTDHIE x ABAHIZ(Q /km) x LIy
- LPG: 66,367kgCO2/TJ, (o)/107 x EtAHHEHS x 365 x 44/12
62kgCH4/TJ, 0.2kgN20/TJ | - ©X| L =2HX| ZH0f| 2 O|AHSHEFAS|TZK(Ton
CO2 / A) = Z[FYE HEH2|(km) x LYUSEE
x TEH SYH|E x XFHIE x AFAEHE x
AEE AZAHIZ(Q /km) x =LUB2H(al)/107 x
EtAHIES A4 x 365 x 44/12]
o Ha||Tl 21(2011)
- MR- THA - MEHHE (k) = HEE OHXIZHTI) x
A2 EAS(kg/TJ)




A QA | ONBIEA HiE-BIAL ELABIE - B4 AN
o OJRZE-ZEH(2011)
- EEE0 oS EEAHIEE MAEE 2I5HK
RIS GIS5HT XIS ELAS
ACIO(HIEAS)E B
o T2ATIA HIEA7EHC]
=aF 1) o| = THE}
HEE 2 % OB B e (0022)
X2, H15XH28t Bt e,
BT 12/X|KH 2AI7tA [HY/ES/718
i PR ERIE | (e /o /Rioiin) B2 x OL{RIZE S x
=2 ’
] . 24 NQUEH S
AKX R I8t
i 2':;(\7';9 r4'21gé“}§62§ S | . MQ: 22, 0.000033TJ/L x 74,953kgCO. 6q/TJ
it . 7}A: B2 x 0.0000036TJ/L x
(;':urT;; © 60,050kgCO. eq/TJ
==y
- X|<tel 22F x 0.001Gceal/KWh x
' 417 74,95316C0 eq/TJ 0 123t%02eq/GcaI
(,ﬁﬂ 23'050"9(302 S (e s x 2raE
T - F2: 22 x 0.459kgCO. eq/kWh
- M21: 0.459kgCO, eq/kKWh mEeX 9CO: ea/
- - K|ty
HEE o 74| 2](2013)
0.1231C02eq/Geal 71 AQIEE 1015 QATIAUIEY = 1.27163 +
o United S (-0.31263 x £28) + (1.38959 x 19t
nitec States | XS20) + (4.69261 x 1915 BAK)
Environmental Protection | T 7|EPED 101 SATAHIESS = -0 25064 +
el (0.00463 x ZHXI%! BHIB) + (0.01355 x
- ZAX|S QIFUE) + (0.00675 x =X|X|Y HIE
- M= 5,139 metric tons o T+ ( X 2)
S&Zpﬁ . o OI2(2013)
(ERUBS 229 metrietons | | e el omuAl MBA| OBk 25 -
coz/7t% . QIIAIAE X 7}74 x
' %gmcg;%}izy’ MEMC | oo b0l LIXIASZ(Wh) x OILIXIZeHIS
tons _ -
x OJMBIELAHIEZ4/1000
- 92Q: 0.28 metric tons btk &2/
Co2/712
. o WHEABSITA|ZAAE(2021)
TomedSiEes | HRHE U SADEALNG) SO [E 2Lt
nvironmental Protection - -
HIESS = CIZAIREF x 2uidal x HIEHA
Agency(2022) HE |'o =22 HE an
. MBAH|: -4
HAH]: 4.33 x 10 R,
metric tons COR/Wh | sjoyre 101es @ u7tAuSE - 1.13935 +
. S|HIO- —
e 8'881;21/8,,; (-0.06973 x F74X|of BIAH|S) + (10.68041 x
x| metric tons LOZ/2= 1015 RIS E0h4) + (0.12858 x 2XHMQI FAKE

o 2218 9(2011)

- M (MWhE 0.4238) /
TIA(LNG gzt
9,550kcal, IPCC
EtAHIEA S 0.637)

- X|2Lteh(1,000Gcal2 0.25)

HI2)

o 0[AE(2013)

- MIHAOLX] ALY 25t O|MSHEA S| (Ton
CO2 / 9) = AN x MY HZLEEHHAIEE
x AMIHMAEXIAB S EX|(%) x
O| Akt AHIEAI4=/1000

3T - YA HEY PSS A% ZAHES 97



AZ A | ORMBIEI: HHE B4 ErA by

M
IIIoII
s
oy
gt
(o))
1>

o A=l 2/(2011)
- M7| BISE = MBAH|Z x MBS AL
- (AE]) HIEZ = FAHZ x [1/(1-248)]

SEEEA

X

o BZE(2022)
- B x 7IAQHEA S

- DT /FHS Y/ AE=X] B 2 x
8tCO. eq/ha

) OlAS
o §7E(2022) ° O18E2013)

- QASI2 A| O|ASIEIA KZI2F = MCEX 2
BRBFRMBR/AMSR | e e

543t tCO eq/ha T T HTO (T) X TEOI— l |. l
e TERHKWh/1) x OAtSIEEA HiEAI4=/1000
HIZEZ! ZAS E51 Of| L K| AH| K2 = MICHE

o United States

. . A HEAH|IHE (kWh) x
Environmental Protection

(OIEYUL-HRZEY A

Bemx | o202 YU/ UL x Ml x MR
- =4 452 0.060 metric ton OIAISIELA HHE2/1000

- %1 —0.84 metric ton

CO2/0j0]74/4 o M5|zI(2011)

CAE BB = 25 MBY x STVHEHS

o ZoI& 9|(2011)

22001
MAE(0.587kgCO2/m) ° BEF2010)

- R 39| 42, PiXg 71F0= 429
OJABIENA B4 = BIX| * 8.8 tCO2/ha/yr

o HI2XI 9|(2009)
TI220| O|ABIELA BAZF = JYR||2 * 34.6
kg/COZ/tree/year

o
[
i
ol
19
r>~

_>.i

ok
u:E
g

)
rsh
>~
gy
s
o
H-(
HHN'
ol

3h= Zo1H, APg Aol 71
7S ABl5t T B 3l oA Q] A
Pg2lof] 37} Rk E]ojof gict



() o oo =
- o 2t1e CENEE
. = gEN= 23 S HIE ELABYSS
= T SV b) CO; tiE/E% g1 A (kgCO2)
=+ (a) A== (c) (d)
ZZAM EE
£2 BX(m?) CWRImZ/E | 1gCO. ahWh® - @*®)* ©
SE=X| E’ﬂ.(mz) kWh/n2'12/'.-j** KqCO?éLS/?(Wh* - (a) * (b) * (C)
L
o 124 - @* 6 *
e - KWh/m?/i# 0.466 ° °
gz CO. eq/kWh* . %
T v W 56,100 0.0000036 | @ ©"O*@
22N LNG = 00 i
2 kgCO: eq/TJ TJ/Kwh
e || AR i L M @ ) 0% @
124
Rty F KWh/m?/s+ 0.1226 0.000860477 | @ ®"©" @
A2z tCO. eq/Geal™ | Geal/KWh
8 A W/ geen eq/Gea calf @ 6)©)* @
5B
slug L Ry S I 7 ¢ A O R ORIORIC)
38 20000 | F3200 | 000002 @ 0 @@
LPG - o R | OB @0 @@
28 =X £2(ha)
Bt Ze3H - - @ * ()
g+ | [zu3d - BCO:20 - @ ©
WEEY - - @* ()
(RIS AIST & HIE/E A%, BAAS BH]
O #et9| A8

* SRR T M 1 HOIARIARY KB HE
** SRUYRIXIT 7 [SALS 1RIOILIXIARY K12 AE
o JREHC, HESET AS0|LK NS S71. 2Est0| A7

7IE)
O CO? Hi&/&% A%
+ X|XHH| 2A7HA ST APEXIE (verd. 1)(2017.12). p.262
+[HE12] 2 2Tt e Uy Y
H 247tA IS AR (verd. 1)(2017.12). p.67
+++ XX 2A7IA iESEF APEX|E (verd. 1)(2017.12). p.262
+H+ [HE 12] 2 =27t 19 Uy Y uiEA IS (15228

+HHH+ BI4E(2022). EMAERITRIEA| 212 J710[E2101 HH 3. FQ

O g

# $42(2022). HAFHILTA| 32 710|211 HEY
3l

HHS 7| (H152H|28 2

i

=] E o= =1=C] QAI7|.
Do TaATE=2T =2
## [LH] O|HX| D SH7|E(HEZH1 8 ) (MASHXIIL) of

££(20214 7|1®)
o TBINOBI5](2021). SRS XISH SEH4’ U SHRSOHHTEL

A7pAE| AARL AR OfLfX|AH|

)(EES) 2A7HA HEHEHH Q| BiEZ 21

B2)(8) 21 S AAAHIO| tHEY B % Q150
B2 2MTIA HEY AY BEXIE.

al o]

=

2F 3k,
S =°

5t0] H7LE ==(2018H

OIZ0f st XIZ)[AI 2022. 1. 1.] /XX

S XIRD[AIR 2022, 1. 1]

EX: AT 2

M3 - M



TRt mAAIE 47 B2 B9 0] BaFH Ado] vAls 932 wefst] fs)
U] B APATE HESHILE T AP ATolM = EAAEE B3l 311
A(j“’]' A]7]'§ Elﬂ—oj- S ]xj':']—}g Zig- g‘l il =

2] =917} A] Sefoll A o] HEFH]
gefollA el dads SHor AYRAS =&t

N ox
o
)
2

)
(@]
e
rhe
iy
=2
>
rr
oX
&

O =232 El(Mixed-Use)

EFEEAYLS ofg] 529 52 sk EXl8AES 4B oE &9t
| x| 5}o] SR M0} o] 5 A E £Y 0 BN FFA 0 E FHA AR

A= A= ATE 7HAE 5 e T 840tk A7 5= AE0E N
T A B A Yol A AL B4ES YT AL EEZ AYUE 2L 4 AU
EAlE A7HS SRR S EA AP TEEH o] AF-E0A EX|ol8 HEF ol
2 A= JCHRFE £] 2008; o]AlE- 2|42k 2009: °|F8 4 - 073+ 2011).

Ak T4 9] 8% Bk QAL 3sd 5 pEO] AFF Z2HE TAAY &
A% 502 FRsl0] SYAE, GTAE, FAA L, TEAES A i sfoh
| =19 goke Zolv]

Si}. offat BYGEALL YA A LS B
3 o] cold RTETHYY 2016).

=)

UMRT

UAHS: BRT, HSEV

U3
foinl
R §mu zsu%

At

i (-E \ +HIAIY
e NEV

UMRT
ag HEH|
Fale

27 500~600%
52 500m Lhl

ayzaxz _—
2k Traduuree - s Parking &
e > CARGOCAP

B4 F 600%014

2 250m L§Q

(23 3-10] $T 2308 7|40t

EX: Y2 21(2010). YFAl(Compact City) S22| D2HEA| JHLTZE 712704 Dj2 wE71E2 HEa 3x1 T
2 &8s SO FFwEATH. p.134, 138.




EEEAS] Foll= A E3do] a5k, AF3o® FAY HAske
Bl wBAHRIE Aidohs A7l 7123 A4 45549 BEJREA 1S HETL
B/ HPAl9] ERES Bl AT et s ol 7R 8 YskE w4 QIS
2] 2016; ©]'84] 2022). BLAE HAstol7] 13t BiRto 2= FAR|R} 2P 7+ B}
H A0S B Y A 15— 8A= Aokl BE S Aot =
HY 9 2pAA B35 ol 2go] $RIske Zlo] 1aE 5= T2 2016, p.104).
= Z1QH9] °F 3007 M-S T2 = MITSF A3t 7} AA(2010)8F TS =AI B H]
S} 71 oA A] ARS A B4 Ak, LTS oA Beiat Au|AE ZjAAZHE 7}
T olFo A ABE 17% Fe 2L 5 Y= A0 F YERdTh

O 9% 2% 2 A(ZBEAE)

U2 A A ALE A 5 R FUAS ARE} T WU Adste] A7
A SRS ABET AR AR} AR FY-5AS E0 2 A& 15T EA Y
eh2 sk} Sk AT PAjole). 4% 3 e A EA eleks Golzt Hel
S0, AJeth T4 AL AL BRFGEAL T 2L B2k 2 AT YHFE 9

2008; o] A A8k 2009; o A]-0|73E-2011). 18]5to] = 1 g AlE S &
AL} R A 2 o] 53 A Y E FASKEO 24 WgoHA] AHE Atk &
e 7HAE 4 ok

Low rise —
high coverage Medium rise —
75 unitsma medium coverage

75 units/

High rise-Undergound

High rise — low coverage

low coverage

75 unitsha

[28 3-11] JHUUzof M2 BE s}
EX: Y2 2/(2010). YEEA(Compact City) 42| O|2H=A| JHL TR 71251 0|2 1S7 &2 M8 3xtA S
U EES SHOE. SIFUSHTH. p.126.



TUE-ASFAR] A= EH4] EXol-8ufdS 7 AlgEo] A5kl dst
T RS 216k I Afo]] ATE 7 51 A] o] 54 88 AN 4= 9tk
(FELIX CREUTZIG et al.(2015a); FELIX CREUTZIG et al.(2015b); Da Pan et
al.(2020)). AR o2 20500 ZA| A2 B3t 247 A5 A =2 dRtA Rl
Ay e v WS uf oF 25%°|tHCreutzig et al. 2015a,b). = Z19t9] °F 3007}
T-= O E MITE A3t 7H AR (201003 ZRATHY] ZAIF e} 7t o | A] AR
A 24 23}, vt E0l dE HAo] AR 7 &% oA ARG 12%7F
Hashe A0= e

U5 D AN Aol AR HREe = thFilE SHA = LEFSATE /st
o g EY AA%t fEFET5FA/ 1 Transit-Oriented Development, TOD)<
FAIGHL FHA G2 EA9] 5752 PR EHN, EXolE aad AL, AY
AIZHA] S B, ghadlE A E oUA] 88/ SHSE 2R 4 QU
FIESHNHTOD)E LU e U EE A Hof| t5us o8 Hd= Al
Skl H3Jo]-8-2 SXAZ 02N TA] HA|9] ARG 085 AAISHAL oL A] 4xH]
4318 4= Q= EAINE JPAolth, Tho] Aol A Ak EAIAY g4s ThF
OIFTHABE 9 2008: oA H A% 2009; ©]FA]-013= 2011; ART1-0l15F
2013; 332} 20106).

o\

)
t

K

(et
B

AR SHA
@Es2)

EAZMERY
(8-12%}2)

(22 3-12] ISR ESHHL(TOD) JHE:
EX: MUIS 2/(2011). SMEA| FHS 2I5 SR SSY 75U

re
re
-4
Hl
Hn
re
41
rie
o

X

TA] A RFFFAANE(TOD Center) ¥ th515-7d-8 XK Transit mall)&
TA5le] diF 1% o8-S ol I FHAGL AF2H

FEUAY T 882 EXCEE 7hsoH . diSu S SAHAE(TOD



Center)= HSE ZEHCIR AU 55 760l A5t o2, Y APHARZ 10
£ oJjo] tiFuBAE ] 2fet 5= QIS WEAAE 5otk A2 AdgF oz

sttt S50 5 A-8A|HTransit mall)2 w590 g HLo] LolslrE o} 5t

ot
s, 9efuere] A9 EAX 2] WA oS- 7] o] 42 EA0)82 B
3 E50 A RIS SRS Yol SAZ} 9lom, 958 FAX 9] W A
B 0 oAsfol T WRH: AT ATKATE 9 2009)

AR E et SR A2 W AR AR =g U =H BAMEF
= Al IRt A HEfomA, %iﬂﬂ% F 131 ol A]4xH] 2}ede] obd o]
AP B3l = RE O ouA| Y 3 WEaL s A r oM APl = A

2 sl H FHAE T lzEkE At Zﬂ_‘% e A

ol FUAZZ AL Ul Z2] Tl A7 HA S gHEGo =M HATHS AT
AR ET 2915 o|F+= =o] R st ARAEo AR Z]REAE ]
=3 @2 viAE fiste] Ao A2 7]Hto] A1 EX|ol8A S 3ol e

AR TR AN A EA RO AT A ST ATy
A19] 717, B 5 A B34 E4E TRflor BeHbAE 1A 2008, p.17). A
o] B2 E|FYS 22 Aol /1A AR 4EE AT BEHES FA4Y

of 7fpgto] §-83ted, o] 4 A olehd YHEA] L EYte] TEHEL

A S7IA =9 7Hs S AR e 2= B g H R, AL -, 59 o
HA| 50] 013[‘1 O]ETG]‘ oA &=oll tiet LA W a&2Q 29 4HE
B A= Ao L=2 H Qlie} 0] FHAIE A
224 urbanization wedge, 53] oFA|o}o]|A] o 2] E83}HE o] & EAISH= BAU A
U] QT oL 2] ARE-Z 25% o1 £ Aolt. SR 71 Aol Wt =AIFE 7
FEE A2 EAIA 22 ofluA] AR 26% E= 190E)7H4] £ &= 32, 7]
S} A3E St A{H|-E E=blo| A H]--9] urbanization wedgeS AT = 3
t}.(Creutzig, F., G. et al., 2015b).



)

k¥

7% 3L TET FUARE A0 P L YRS FHOE B0 o5 R
0 B0 EA oUIA) AL GESH AA Z1olet. AL B8 X|ofo] &
£ BT AATL ATHO M BHANE AU 5 AT VA 5 719 A5

A T} o] F E3) 52 WHoUAIE Attske AS 71T 5 -

—_

Bl Oj2h vzt

20| YSHES 5

HIZIZ Si7} THS 3 ERIE 2|

(12 3-13] HIZIZS T2{3 THX| HhX]

EX: Q4 2/(2020). HIZHZ TS 2IEt FE-&H4 1S Y M HAMCH SEFMHAT p 5,

v} o713k g ASE RS Bl Q15491 vl ShEsto] oy A

A 5 U= Ag7TRo] B Q5 AR H

AEHAE A Fotar AdE 5= 3 ek AS5E 2ol gt Hiehe] 93k Alds

4= Bl A soF SHH-8-8 2 2009: F3<] 2010).

T3 ek o] 59 Rt AR =7PE 719 B4 o5 A JFS 7 o)

2ol A A] 4:H] SHof| QlojA o] Bk= o FE W ofl v A] Folet AE Wi oy
A Foto] oAl vlFol webA Ak Ait vekg = QT3S 2 2009,

p.77). &, 954 ¥ v A §519] Arto] o Al Agolehd it 24 5=

Bl AAA 2474 5 5IE 7S 5= S ZlolY, B R ALE Wy A

B3P e 2 49 ] BAo] L7k HiES S7HA7) dakgol 94 4 9] W)

o|fll
N
ol
el
P
o
il
0 (F
b
¢
)
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=)
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2 e e

104 BAZY 2050 43S Y3t 4B H9l B70)E 28 o7



EOITHR-EE 9 2009, p.78).

Z=r Z19k9] 2F 3007 M-S 2= MIT2F A7 AA1(2010)8 TS A FH
@} 71 oA X AR A B4 A3}, LA FA| oA AES] -8-& o] ARH A4}t
ol FYRI=E Qs 7.5%2] 2GollHA] &HE £0]1L, 7%2] 7188 & oA A
Q.o 71—/\/\]71 A ol 74_; 1,}1:/}1;}\-\—4.

o= "u1-"ME T KT UOA

whg, EAI9] Qo] AAISRe AEEe] B9 oA 0] H2kS 7ldie 5 9]
o} AR ofefi o] =7 AAH) 9] 8- A7 ke 3717F AFAE 320]7] whize] ]
UAI7F 20% 4= o ABJEEHREE 2] 2009, p.77).

EA EXPHE x| B F5 2 xiche| HE FAX| S 2Yo i 82 ZAx|
(24) 223 A= i)
(cool air lake) (HHE 7HY E2)
e ol x| 2 che ol x| 2 e ol x| =2 Lt ol x| $2 o olux| #2 e olux| #2
85%7HX| ZA 100% 120%771%| E7} 85%7HX| ZA 110%771X| S7} 115%7t%| 7}

£E8 & /ﬁ/ﬁ\\ﬁ

(23 3-14] XIFoll C+2 O|uix] X2 St
EX: RUE 9/(2000). FFHF TUHLS I3 A 7| HHT. HEEASUATL, p.77.

Azt vltd R R FAE7) O] ST BAH 24 F A, 2
2o] £ 242 2P AGFLS BT, ALE B 2GS FA S

Bl A7 71 = Aok

ol2|gt 71F 3HES 1 egt A Y2 LA W AET LEAT 0| A A A HjX|
£ B9l THEold 4= Qltt. o ol AR E &8 "ol whet o A] Ane] ZpolE
AESH, X} A FS 123 A5EQ] viA] o WA o[ | A] &H|E d12fste] A
SRR o153 2013; ©]F4] 2021).

"H%i’_o *1@%1% 7Wdsta BEA o] B5(A7] W AFAA)S R Y= 7HAES 12
SH ARsAF o852 2 7 ot ARl Al M= EE4 o5 g0 mEt A
wEoM WSk 27 HiERE 2% 10% &Y ¢ ATKFELIX



CREUTZIG(2016); Zahabi et al.(2016); Keall et al.(2018); IGES(2019); Neves and
Brand(2019); Bagheri et al.(2020); Ivanova et.(2020); Brand, et al.(2021)). A=A
Trofl 2 W, A 9] a7 e o] whet wE e SAVFAHIE TS 4-25% A=
ZAAZ 4= ItHCreutzig et al. 2015a,b; Pan et al. 2020). A8A e 55HO
29| Ak, FAE], SR, AutEAR A 5@ (behavioral measures)
I ZL2 IS Fol] 2HMRAE 20~50% AEL & A Creutzig, F., and

Coauthors, 2015a).

O HEuS 018 BT SSAIA™ i

—

s SSALE A WErES sk ol 85t hozm olg= SRA7

o
A SPARMHALE =R 5 Qe iHolr:. st 35422 AR ol8-S TS

(323 3-15] ZE=tS4IE THEE
EX: 21Z0t 2/(2014). WHS US| SEESHE L 71274 A7 S=ZuSHTH. p.61.

O ==2CH0|6E

LEO|oEx AHlS U0 EH A7HEY] 0|82 S0 s Fish= 2R, dE
E0] 7|29 2AH LR E [ XA 0 F Zo| AL}, ALA] AMA] £ & 49 o= tfju] X}A

=
< AA Agsle oz Ade] =2AgS AHshe ot



YREA|] A9 BYUSHEAIS AL BHRIE] )5 Hel SThe 918 634l
opge] £ E20] £F Fol T 432 of3le] ERER EANAS TENAY. oS 5
o Halol5 Al WA, A7ME 0] 8L Fo|w S FIEskaat SHL.

SaFHT pisl] E2rolol=o] Huk u5H WEST TS Fof Bkl
742 0|8 WIS S7HsHaE] A SuEErEo] 144 7% WSS 36%, HntaL
23%, 29160 17%, WS 13%% 2 teto] 20mth o9 91T, TEAE BHSE

ol iss °l& A7 AR A tiH] 24 S716k= A & 5 TS 9
2019, pp.10-11).

36

23

[ 3-16] =2 TO|0E2| 3t &) XA +HEHE(149) / 2) TMZ HA 52 2= At
EX: 28Z 21(2019). 2018 MEA| Z2LI0|0E &t Wt AZI 7T, pp.10-11

QI AT ARG, 2016), A& A7 AEA, 2714HA 5 SR
oA AN A 2] o] 7RsT TESTGo] Yoo} Tk

T4 FRERE £§917 1099 O B 19 87, A% 5 AvtE BF 5
2 =BT, ST 3099 Q) B AEAZHACT) 5 BAE L vlo]m
2 E3 59 ATEHT EUL AASAHYF, 2016).

O AR08 &3t

T2 A A o]g B3NS 3t Qe T2 A A AL, AAA FAE, &
=9 =5) AFE 2= It} o]w4]-0|7E(2011) A -9l pAA o] &0 &



g3k P8l AAAAER AZS AP ARAEZ} TP AFAAERS] F 7
o] Ao = 3.

AP AAERL] ¢, AR A52 o8-S Feshr] sl g-holu 51t
O] Al B 8AJS A=A wETHE ARIA == A A9 ¥A Bl A[51E o 59
HEA-ST} AAE L&D OJFoA| =5 A = ofoF eh(F3g2] 2016: ©1%84] 2022). AF
A Eu AR oS A S FARE & Sl TR " ARdA ol 8AkE S A1
HeAd AEo] FgHa 0z A E oo} FEKH-dE £ 2009; 73 2016).

et ZEZSOIAE APAA7 ei= 2471 & v|R= 9F AR R
T AAA ARl 29 999 A2 FPRIFEE, IEEE, EXOLE HF
4 SEE oA ZststAsAlol thet A7 AF=H A I+ EE, 1-§EE, AR
AYENL B, thFs H2A, EACNE EF 7 s ARGE . - 23,
AA 2ol S7hs WEF-EolA A7 HiETRS 1.75% AaA7le A& U
ERATE. 3 ARAA HIEA Aol 7% S7Fo ZA7EA vilE ol A9 2% H4xst
+ A0 & UEPETHZahabi, S. A. et al. 2016).

By elE giste] But ohERE FIAAES HoHA71T BAt B 55
o 4= itk B o thEmE e B atet] s
A FAH 02 A3k R L2 5 EDAE OF 108 A Wz st
BAYFHL FAR o)A 300m ele] Azlel MjxIshs ko] ekl 2016;
41 270} 2020),
B £20| 5512 5o BAEFUS BFT 5 9on, HA9 AANA e v]E
912 7% TS 7|0 4 KRS 9] 2000). TR, AR QI FRro A
71s3t7] dhio] Beat wao) ket 7 3 AL FARAY e SN,
2 7 EAE AOR BEA o5 (7], A, ArAA)] EAIH o2
QufL Horet 4+ QR=A1of gt Brand et al. (2021)9] 7 4AIEE of5of QlolA
A7) o] §24] B ol 85 SR ARt 84% -2 BHEh AnVY o
AP|EE A 0] o] 271D ufmbe} 14% ASEEL, A5A} 0} 8-S TUSE 62%
Zasteich. A7 o) 821 491 10% TPy SaEo] 59%S At 7
#19] A 0] 8- ZEltol L} AFS]] o] 5ol Tk FuPY ThavhE kot U

o WS Hlo



= 219t 9F 30075 iAo = MITSF A3t 7} A A1(201020) 8 AT =ATS
B2} 7H ol | A] AR A B4 7= )| AFRo] 311‘ 73, A=t ozt H
YA A8 25 SH o Atrhal R o]t =S HEEN 40 A2 =
= 2 B9 ofyz) o FA] ofuA] ABlE Y 3101013 Qe TR Y
street-level A430] B2 E2H| 0] #5455 AsAt &F7F RO 1L, Q EHo] A

7hEotA A oA oA 4] AB|e} HiERo] EolE. olE E3ll 7MY o5 oA
AR 10%E A 5 s A= Yepdt

o2t e il A, B B3 Sl Adae] Emot vt ke o
T FEIZ 7iAdo] o FoE 4= QUL dlE S0l VIS ol FFS] AR ER Fo| 1F
48k 5 ERCOOEVt dofd 3952 Aol FaL LA Sl tigt ALt
gle50] A= ooF sHAlet.

[28 3-17] AI2FXIRf PME 12ist 712 37t
EX: ZHT 21(2021). ADEEA| 71E | MH|IA EMS Vs ST Wk 37, HESUATFR. p.1561.
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26) MIT(2012). Making the Clean Energy City in China: Year 2 Report.
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UAE BoUA| 2 A7 HE, $E, T8 &30 olHAIE Bakshes 2ol
FE 91 2009, p.81).
L 2 AlLH9] B, HEuolA =AY S5 IS o835t A[shde] 9l
S0 Agsto] ARGt P AL BT Al LR TR R R,
T, i, FAE AR At 9 HH9] BAVC] ETHREE 9
2009, p.81).
B IRke] 9k 300715 tFoR MITE} A7 A A1(2010)8 AT =AIF RS
7 oA ARG A B4 ISES AT ) Avledt 8480 B 2 PV H
& 85| ff8l] g Hofof FhriaL Rt A e AAlRIAE PV A
90%Z 53l 3t 777 B gk A7) 10%5 X9 4= ik, ThE o) 2k
Bz 35% Ve A3ttt PV AA= 7Hd8 29 ouA] £5]9] 5%E HAAE & 3
o} 3, S fsf A8 A SHE AL PV AR Aol A] gt

e .
[23 3-20] EfY-E{UE 855 AARI(E!) Y EfYE HX| FEHUX|(R)
EX: (£ HYA(2016).E/LE 2AHUK| 7|&2 MBSt YD ENLE SS8 AAH MBSt DHEENSE. p.10/
(P) ZEHASAUL(2020). ZET, 2000717 FEHE EfYZ HX| X|&.
http://www.gnynews.co.kr/news/articleView.htmlI?idxno=322283/ (H£: 2022.09.16.)
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[O23 3-21] AYE3 U™7|
EX: £0|0|0j|L{X[(2010). ASZUEM A|ZF TIC,
http://www.todayenergy.kr/news/articleView.htmI?idxno=51804(F%Y: 2022.09.16.)

Y b 9 G740l o-85k= Zlo] 7hsste] ¥ Alu A9 oF 30% A= E A
78 4 S A0 Z 7IHHETHR-3E 9 2009, p.82). AFB 3 |E= YF-4Jo] o
Frgo] g 50 Bk = fAH] 7 A-SHARE HARAE 7]E F5FEo] FES
+ A gAZF Qlom AAH|7E et Do) ATHREY €] 2014).

EARBRINA sl o Ak Aol S B9 olu e e Ak 2L o
A7} QIck. T1fle] 448 BT ARAA) WAL HBA V) ouix) AL Slof W
219l Aol A Qletz Eejo] Jeislofof s

S AR 715 o9 GRS A Slob Ao A] Th] Wi o] 1, 28
WA R A4 o] AR 84X} Rsstel of g RA7E RS EA B3
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Emerging innovations
for the integration of

solar and wind power A ioles)
A :
Energy as a service S A
i
b B =N

Volue spafial
complementa

Aggregators

[T23 3-23] 2HHoLIX] HEks gt 4TH 24

Z%*{: World Economic Forum(2021). Why renewables are the cornerstone of the global energy transition.
https://www.weforum.org/agenda/2021/04/why-renewables—-are-the—cornerstone—of-the—en
ergy—transition/ (H42: 2022.10.22)
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O =X 2% 258 53t 548 50

BAEAAY PRL T vfEF] Aol o HAS BHU0RH BAFYS A
FSR= R0l EABZ Bl HABSES Fol7] ks B4 U 478,
A=A, ALATTS 5L HIO R BHU TV BSAL, B57152 7
MR PPO R BB H S HFH 0 BARK: Jlo] Fasi

Ax ZB(ecm)
e 4 6 8 10 12
TIAILER 0.8 1.8 3.0 45 6.3
SR 0.2 0.6 14 2.6 4.4
HLER 0.3 0.8 15 2.4 3.6
HiELIR 0.3 0.6 0.9 1.2 1.6
SR 0.6 1.3 2.3 3.6 5.2
AZx Z#EZ(em)
e 1 2 3 4
AR 8.2 27.6 56.1 92.6
MHZ 7.0 22.3 43.9 71.0
3 9.4 29.2 56.9 91.2
LR 7.3 245 49.41 81.5 120.0
3= 9.0 28.4 55.5 89.3 129.2

EX: LEH(2018). TAIY BAESQL CHAH SIS I8 2d X WIP|& JHL. p.47, 65. HI50] HHZH.
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[28 3-24] 13lEI2 H forest2] EtA E4-2f #s}
£%{: Stack Exchange(2020).
https://earthscience.stackexchange.com/questions/19646/do-trees—capture-more—co2-during—a—fast-
arowth-stage(F42: 2022.10.22)
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O SESXHEHNT S

JolE A YEYAY] 8 8 A= FolF 72 ARo|u A AE o83t AL
HEY ol TR E oPEEAE FH27HAE 2R TARA Y] B9, =A] A
AS FE31= TRt AA| Y] Ag 2 EAHo|AS Q]3RS 9] 2014). 19
Flols =AY 3952 S Alarshs oA of 2 FASEE ARt
th. 023t 715 EAINIS 17353 A =3t ABH, o7 Q1 S 5 852 A
At A A =SS F RS- A7 2008). 1 HIEE A= T
019 F5 WO A= AL AR FHES Y mAES G485k AothelA
& 9] 2004; AEF - ¥F5F 2019). DY 23 A 2F0NA A A8 E = AE7]
Hog, A& EAISAIE TRl H=H A W2 S=EE FE4=
sto] oftE, 8tit, 7|Y-EA 59 +HES W AAMH A9} 7S Y B4 52 3=
A 59 Ta=Aet AL, AR FA, FA S AFAIA TSt BE T
daago] AT AAY 4847 HA she AladEE TRItKEEAT
2006). Q& 2 T3] QIZ0] FE&F ALAlE I8 lEYA AJAES =5t T
Ui} 5T E AFA7] AL o] wEo] et HEd 2 st YP5e84] 5o] of g vigt
NEEAE Aot 353 Wigto] 350 thfid =AAA S THEold 4= Sl

5 st dsE - 2418 2015 A= -H5F 2019, p.53).
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[13 3-25] 2= Fsi0f ST MEA|| JRIIERA HEE

EX: City of Yokohama(2019). £ 5 ¢ ) F#tn3EH4-2.
https://www.city.yokohama.lg.jp/tsuzuki/kurashi/machizukuri_kankyo/machizukuri/naritachi/jitsuge
nshosai/nt-4-2.html/ (F£Y: 2022.10.01.)
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o] gHAZL &A1l Bk FHolehs 7154 S W Med A9 dto] WA 4
Q). EQH A2 V) WEAX 9 BAVIX) F Bk et Ao A4 gee) 7
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[E 4-1] H=CA| M2 33 bl

HE () FEEX| (m) Q13 (21/ha) H|ZD
664,591 28,205
1-3 1,141,376 (58.2%) (424/ha)
842,769 29,876
2-1 1,704,361 (49.4%) (354/ha)




2-2 1,489,221 ?i;_‘ig/s (329%/1r3a2)

2-3 1,235,552 ZZ;SS (21963,/9hza3)

3-1 1,506,227 3(2(2).,?33 (312%/8;1)

3-2 1,337,852 ‘glﬁ?/f; (31782’/5h5a1)

5-2 1,792,315 ‘}Eg?% (312%/8;2)

6-2 1,642,746 ?ﬁ,ggif; (6%%/222) %;EH! o
57 SEE R EEAEE 2022, H62% BEENIAN A 9 B 0 o EXOIEAE 28501 1

% Q1Ql/ha)i= REHUSX| HROR MY

= T

O 28 54 48H| 32 HT

o213 L] WA = B F419 FLHC 20| PAS I3t H&of w2t Al
=11 Q= Zlo] FAjolt}. B FA4lo] L g IA 37 R Rkl T ES
A B QRS ), ¥ 500m 7+, ¥HE 600m 1, ¥H3 700m RS Ha F4 A
9] A71& 7Py E 1A} gt

A §H 500m o] AgE g %11*01 1009 2 T A G =
B oF 3R AR AFUE AEEEZ o &

T L2 LA W o] 144V == @‘;Al oS4 19";_% TH k108
AR Z ARUE AEES o183 = e B4 Helot AR, vk
2 1 FE7}F 2F 2009h ol 7FEA = 2017 1,400mel Bl @Y 5101 7}opd 453
g o7} ARKE 4= Slt. ol gh e &2 B ol 5/do] HEohd &= o, o
o g9 EAo] FastA Hr.

O 482 7|2 20| 72 1Y

£ Ao e B 712 BP9 711E B8 102 A2 ¥ 600mE Aeith 23
F419] ool 7Rset AZE 600m, EH 108 AR FFO TN o5 TasY Ad
< A% 33 AR R

AT AR 2 IR e A] B AST} w s HH, of5 A7 EEY S0 2719
& 7FsoM Atk T Q)] iyttt @ EAw 0|7 2/4dE He ARSI, olF &
AR FAA G 0 RHE 9| F7]= W 600mE 278t 7T A HoErt.
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A M 23102 42 i3l M8
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e |-o 30 -l 30} -474 RLIE F0{
Sy |-34-287SUE -54- 28 HFLE -ARLE| 5
MBI PR 1008 |-AER DI 1448t i |-AEH BIR: 2002t
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(1) AHEIH ZZH0M Q| EXAHIE KZt HIE] ALY

o=

O HEH SAAROLS 72



%LZ*JEH NARA GRS, AHAEA] AZANIR RS, FHJAEA] Aehix=AHu}
AT E] FAFHIRS 59 AlElE B0l Auta Y] ehauiET) 1
553 ARSI 5241 EA] oJUARI-EERS: 2,9344 99| & SarliE
122,847TCZ, g 4 J%, HAZHAME-S ZFoh= 729 B35 9F 81.4%°]
AHAEA] AR RERE 1,312 AT & BAHIETE 62,158TCE 7HAIRE
HlE-2 83.7%°1H, BHAEA] AetAAulE 49254 09] F ehAuiEs
314,402TC & 7HAIR-E 52 87.8%C|th. SALLRIATE Azﬂﬂk—z 125A109]
FEAHIETFS 101,548TCOlH, 7HAIR-E-2 83.7%S AHA|SITt. Agkh o=
23 A G2 7 Wt BAEEES oF 45.19TCE FRIHct.

o

r
r
_1

puf
N

Lo T orlo ol o

[E 4-4] MEA SMAHOE 22E BAES
(EHR): TC)
e SERAMETA| ZHEMEA| SEMTA| SMIOZAE|
= ol X|IxpEoE HIZ0LX[E2 MEA MO0 EASHIES
-NA- 90,824 47,663 238,916 77,911
e Q 29 7,777 3,829 13,458 6,21
oo®y | a7 | 10| 28717 897
A7 100,048 52,002 276,091 85,018
. ass 11,091 4,958 18,616 8,032
i (12,745%) (5,686%) (21,386%) (9,227%)

A 122,847 62,158 314,402 101,548
* SERI0| HAIS TN P2 THANSY
EX: O|ME-ZEH(2011). MZA|L MEA SMAHOS ALIZ|QE HAUZE 22X IEA|E]. 46(6). pp.163-173. &
LO}O:I IHXPA‘i_

= Zdsieinh ARl A=
A B, B, AE, B 5 AYLRAE FE5I11L, E5HE2 FEAH
&g A SRR, e 2et ST 5o AYL.as TYsieitt
9718 477 oA Agshe SAalES AT sl 287 RS, gAES
5 AR AT 5T ANE AY AR TYSIATR). ®AAZ AlY
% 8= B 179 24 20.01TCOllA] i 42.28TCY] ©AuiE®S 755}
07 et

B
Y, H rﬂg

l

27) OJAE- =Y. (2011). AL Ak ATk AE] 8 B 24, FEAE. 46(6). pp.163-173.
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[ 4-5] XELA =AAIOS EHALSY
(2t} TO)

EEDAITA| ZHERAEA| EFSAIEA| K{EFA SMTI2IAE]
72 EAAZeL OlILAXIXIRIOE HZO|4X|ER2 =Mk sAZzIOlE
EES Z|y EJES Z|y EJES Z|y EIES Z|cH
o HA|E5IRA 8992 | 29972 | 4719 | 15729 | 23653 | 78842 | 7713 | 25711
ST Hy" xgs | 16366 | 24,341 8,589 | 12,774 | 43,053 | 64,029 | 14,040 | 20,880
Y NS PP SRR RS S R S R
M gl
T gy HemNES 1,555 | 3,111 766 1532 | 2692 | 5383 1242 | 2,484
e B, 22 S 72 579 26 204 | 1,186 | 9487 45 359
A7 - 26,986 | 58,002 | 14,099 | 30,238 | 70,583 | 157,742 | 23,040 | 49,434
SR 88 0 892 0 398 0 1,497 0 646
a8x | EA 2z 1275 | 5480 569 | 2445 | 2139 | 919 923 | 3968
HEuS 248t 637 1,912 284 853 1,069 | 32087 461 1,384
SEIRL SEXE EE 0 95 0 42 0 159 0 69
HA SN PEST 747 1,045 325 454 | 1,279 1,791 552 773
123t - - - - - - - - -
A7 - 2659 | 10374 | 1,177 | 492 | 4,487 | 15851 1936 | 6,839
yer
VE e | “IMEE 200 946 89 423 336 1,589 145 686
_ EAES 945
EAES < 6,521 6,521 2615 | 2615 7,284 7284 3570 | 3,570
2% IAESIRA S | 36633 | 70268 | 17,980 | 37,468 | 82,690 | 182,466 | 28,691 | 60,529
SR O|THZE-ZESE(2011). MZAILY KER SMAMOLS ALI2|QY EAZSE 24, ZEA|E. 46(6). pp.163-173. E1I510] AHAH,

O
02

SEA MEt OLXIEA| A=

PASAHEANEA 9] AT 2A7IA viESat A PERLEAY Q1415 ] wotoq
1919 2A7EA &R APYoltt. B AT - viE T2 745,896 tCO2,eq0]H, &
T S H|S2 7Y HRe] 2A47EA viEo] 287,101 tCO2,eq® 38.5%, A H+
24.0%, 75 FE 19.2%, 35 F& 17.6%, 71EF = 0.8%2] <oA1= ER1EQIr}28)

28) WAHSARFLEAIIAEH(2021). e A oF A=A AR AT &4,



[E 4-6] A=A SE OJM3fEA HISY

3

(E49]: tCO2eq)

A +5 7Hd o 35 7|Et £

2014 35 54,689 44,373 52,415 3,178 154,690
2015 25,796 111,973 71,958 82,449 4,510 296,685
2016 40,714 156,691 101,678 96,985 4,415 400,484
2017 49,863 197,615 124,397 103,877 4,468 480,219
2018 75,418 256,481 152,907 115,009 1,843 601,658
2019 142,994 287,101 178,770 131,261 5,771 745,896
*7|EF RES WA UM SE OILIX] AHIZ SN 25, 71, J8, 33 20| ofd Agd, sE=, Mz SOl

)\1 N E% I.o}‘ HH*EF

O A7\ 4

HE, 5P, A S 5 AE

Gt
ele] W

AL AR

1__

et

SITAIZIAE(2021). FI2HE K

A A 541 B3 ol Aks
e, A1) B

E= SOl weh A2 EejelA o) 24

2 O[HX|=A] AEYO A7 §. p.35.

[E 4-7] MEAX|S $EH Be 2471 HEY
RSN SHEHOIMESXIEZIMNY | AISERE=APHRA
Al EE OlAtafErA OAtatErA O[AtaIERA
HHE HIE(%) | HiEY HIZ(%) | HiEY HIZ(%)
(tc02) (tc02) (tc02)
N7ee 552,436 | 466 | 365369 | 415 | 111,671 | 312
w | ST 118,467 | 10.0 | 114,064 | 129 | 67970 | 19.0
5 | Nuss 25616 | 22| 19124 | 22| 92540 | 258
o | tese 64,00 | 54| 100813 | 11.4 -1 00
M 404,010 | 340 | 267,204 | 303 | 81,668 | 2238
HylgsE 22086 | 1.9 14608 | 17 4465 | 1.2
ECOMEZ(A) | 1186717 | 1000 | 881181 | 1000 | 358314 | 100.0
422 (B) 2970 | 03 1,166 | 0.1 1280 | 04
# CO2HSZHC-A-B) | 1,183,747 | 997 | 880015 | 99.9 | 357,025 | 996
Z7: 0|NZ 2/(2011). A7|E MEHA SATA| A&7 |E KL A7 LHTL p.92. ZT510] KYEH.

(2) =AIAEIHE ArEe| EXI0IE

O X-EeiA=e EX|0IE

AFEAAG ] g8 EXol g2

EXHEE AmEQtty 24483t
35.12%, S-A=A] 44.11%= SHRlE )

10.28%, ==

A

=
=

S7hreA o] 74,

4 =2, 3954 59

|5 JF EX0]E B[S 74 40.09%, AA



H 4-8] X7 ErAI=le] EX|0IEHIE

(E9): m)
=5 SHuHy FA 4d E2 S|
S0 O T SEY 2,191 367 246 522 638
ADHEAIERS) 16.75% 11.23% 23.82% 29.12%
2 S| a0 970.644 420.258 279.28 172.832 257.236
4330% | 28.77% 17.81% 26.50%
47 G123 1,605,176 479,053 29,356 263,587 286,827
(2007~2020) 31.83% 1.95% 17.51% 19.06%
1-1 5,312,256 | 2,490,504 73,040 612,306 2,489,152
46.88% 1.37% 11.53% 46.86%
1-3 1,141,376 851,246 31,943 751,654 258,187
74.58% | 2.80% 65.86% 22.62%
1-2 2,244,174 | 1,166,489 64,974 905,096 1,011,538
51.98% 2.90% 40.33% 465.07%
1-4 2,033,669 | 1,179,162 118,031 | 1,419,419 736,476
57.98% 5.80% 69.80% 36.21%
1-5 2,492,748 304,931 | 1,539,369 | 1918362 558,448
15.84% | 61.75% 76.96% 22.40%
2-1 1,704,594 | 1,173,820 27,409 252,133 495,685
68.86% 1.61% 14.79% 29.08%
o 2-2 1,489,221 864,797 66,344 187,754 555,549
gy 58.07% 4.45% 12.61% 37.30%
55 2-4 1,748,511 127,167 | 1,114,239 189,497 507,105
7.27% | 63.73% 10.84% 29.00%
2-3 1,232,949 866,858 10,804.50 200,646 366,001
70.31% 0.88% 16.27% 29.69%
4-1 3253076 | 1,202,024 107,249 | 2,214,828 1,943,803
36.95% 3.30% 68.08% 59.75%
4-2 5,561,455 | 1,119,801 189,425 | 2,214,690 3,317,063
20.14% | 3.41% 39.82% 59.64%
5-2 1,792,315 871,321 57,637 289,177 829,158
48.61% 3.22% 16.13% 46.26%
6-3 2,853,814 711,641 101,147 306,671 2,035,669
24.94% 3.54% 10.75% 71.33%
6-4 1,000,743 679,716 104,074 696,232 210,397
67.92%  10.40% 69.57% 21.02%
=Y EX0IZ HIg - 41.82% 9.71% 52.50% 36.56%

EX: AT 2.

O ZAPHEAIZS EXIOIE

27] el U ARF AR, 37] AEA], AR} AEA] G EAZREALY O] EX|0]8-H]&
AT EY, ZF 8 EXJo]8 HFH|Eo] FA 28.91%, FA 7.57%, T= 17.82%,

29) TEAY o 2 e} AuLEAE] AIPALRD, (A9 2018.12.26.)
30) UEE FEFHAT 27 HAGRD E AAE HAHQAPIIAE, (A8 2021.09.29.)
31) "1 FHFEATE ATAE HHTAD $2A D AFEH 1A (A3 2019.09.02.)

32) FHZAEF=AAEAH (n.d). AL,
https://naacc.go.kr/WEB/contents/N1010400000.do/ (F<<Y: 2022.10.01.)



[E 4-9] TAIPHEAIY S| EX|0[27|E]

(H2]: m)
=X

25 Y Eliks] )| Al E2 S8
A ZE SITHAS3) 200,748 25,788 82,650 35,079 48,089
(2014~2023) ’ 12.29% 39.36% 16.72% 22.93%
ERE=SED 486.075 245,773 14,854 112,414.6 67,100
(2014~2021) ’ 50.56% 3.06% 23.13% 13.80%
TIH HA35) 371,115 172,738 7,785 71,034 46,901
(2019~2025) 46.55% 2.10% 19.14% 12.64%
£ 01R36) 476,317 178,904 12,672 120,174 71,461
(2019~2027) 37.56% 2.66% 25.23% 15.00%
B0 ©o=37) 297.237 29.932 234.834 71.247 204.902
oo TTo
10.07% 79.01% 23.97% 68.94%
ERECIFSED) 2,063,088 624,329 35,126 318,827 597,244
(2019~2027) 30.26% 1.70% 15.45% 28.95%
Mg 0t=539) 3,666,582 595,268 388,108 650,282 761,298
(2007~2022) | 16.23% 10.59% 17.74% 20.76%
A SLSIMEA0) 833,416 43,686 128,337 249,570 152,795
_(2008~2020) 5.23% 15.40% 29.95% 18.33%
EM LR AIA[4T) 9,951,729 2,638,239 794,316 1,749,417 2,158,448
(2007~2022) 26.51% 7.98% 17.58% 21.69%
BN SE25842) 490,847 70,226 40,235 85,058 100,911
(2017~2024) 14.31% 8.20% 17.33% 20.56%
" 8,922 2,370 277 1,570 3,351
[= iy
© 26.56% 3.10% 17.60% 37.56%
abd 9,035 2,825 485 1,617 2,526
SEH 31.27% 5.37% 16.79% 27.96%
abd 24,039 7,650 1,094 4214 7,537
SE | 31.82% 4.55% 17.53% 31.35%
1z 312t 11,744 4,043 425 2,258 3,634
T ee 34.43% 3.62% 19.23% 30.94%
27| I 2% 16,610 6,054 573 3,259 4,538
| TEe 36.45% 3.45% 19.62% 27.32%
AEA| [ 11,304 2,085 558 1,648 4,950
43) - 18.44% 4.94% 14.58% 43.79%
13 11,171 4,192 321 1,929 3,217
(Y3 37.53% 2.87% 17.27% 28.80%
o2y 6,773 2,482 551 1,120 1,779
- 36.65% 8.14% 16.54% 26.27%
=] 13,419 3,906 566 2,417 3,431
Mg | 29.11% 4.22% 18.01% 25.57%
o1z 74t 11,181 4,153 609 1,651 3,281
37.14% 5.45% 14.77% 29.34%
27] Ozt 6,109 1,923 377 1,558 1,694
N i 31.48% 6.17% 25.50% 27.73%
AlZA| OfAt 8,793 2,134 896 1,829 2,291
44) (HEHED) 24.27% 10.19% 20.80% 26.05%
=g 8,654 2,137 127 1,287 3,001
2 24.69% 1.47% 14.87% 34.68%
SIS 2,393 622 27 409 799
249 25.99% 1.13% 17.09% 33.39%
Sy 6,314 1,471 14 1,025 2,208
°|'|:| JT'—nA_"
23.30% 0.22% 16.23% 34.97%
37] oz Aot 3,332 659 37 539 901
e R 19.78% 1.11% 16.18% 27.04%
MEA | or z1= 7,890 1,819 57 1,192 3,050
Lo oS
45) 23.05% 0.72% 15.11% 38.66%
P 3,420 729 56 614 960
2 N o 0 o
21.32% 1.64% 17.95% 28.07%
Y 12,710 3,079 472 3,851
A|Z46) 24.23% 3.71% 0.00% 30.30%
OfAF KEAF 2,213 504 16 367 803
—_=- OO
22.77% 0.72% 16.58% 36.29%
29 EX0[E H[E - 28.91% 7.57% 17.82% 25.21%

E57 ool &1

0%

33) A1E SHAAT AAAE 79 AP A, (A% 2021.10.21.)



(2) d&d 712 29| EX|018 1Y

O EXOIZ A= 7=

[¢)

712 259 72 4470] olo] W5 Exlo} gk A ek 914 47} ma w5t
7] $Jstol EAIAZ) AL ALE] ek /AL 84X 7125 AL,
A7) B4 4 YREA| ALAE ﬂﬂg—g«zra* A)7:9) A3 7152 Harste] £4]
o §-& MTIE FUSA U1 &Y Aol BaFY EA R AL wejste] 4
P U2 EX0l8- THT S Ik

[E 4-10] Al=l- JHLALY & 7|HIA A HX] 7|12

TR | ARENASKEIIE | SSFEX XA AR T
2 SEAITHERH  EATH
wHes BIFAsEY | o
=2 T-g (=]
EAHIA XtgHo =
Azlolq SAE ’éi‘_H 2l =
@ Al 2 XK A2
- % 12}
-200°| ha
olmus |-200-3000ha el | 2002/ 2 oo =egx HigE A
@/ha) |E42X] 71F) )

/ha OI’S 7ts)

34) "R FH2AF BAPNLETS HAIAE Q7 E AP A (A3 2021.12.16.)

35) T2 ZAAT ZAIANIAE FHRH(EA), AL 8 D AF=E IA, (A9 2021.03.12.)
36) "5 HHAF ZANIA] ALAE 3 E AFEH TA], (A3 2021.01.08.)

37) 5 FE DA EAINIALG AATAZRIZEE AP EH LA, (A3 2020.05.20.)

38) "HIT FHIAE TAPPIETF A7 AL, (A9 2019.03.28.).

39) AEE-AA] A2010-339%, W EAINETS AL HEG S, AXADHAG A7 324, p.2
40) SATEAIBAL BREIEGHEE -S4 FAIE ZAINEARY A9 A1E] AT A,

41) TERYTUE) AEA] DA wE AdA g @ AAAS (A3 2020.09.29.)

42) TRAZTHE Y AU AAE SEMEA] HAIAE, (A9 2021.11.01.)

43) "A27] $E=BAEA] AEM, (A1F 2017.09.15.)

44) "H27] APAIEA] AHRMN, (A1) 2017.02.28.)

45) 371 AZA(n.d.). EXol-&AE.
https:/ /www.37A%EA] kr/kor/CMS/Contents/Contents.do?mCode=MN033 (84<: 2022.10.21.)

46) AlBANZ(2021). BBASA T FEE-8A] 3077904 795 Y AL
http://www.shnews.net/news/articleView.html?idxno=39093/ (F<<Y: 2022.10.01.)
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AfOIR7|
)
-20% 0|4}, 1919 6
20~30% GREAIEE B A
Q.| mt O|AF Z=EHD{X{O|
12% 5 2 ™
AE I MEHE
TTEAL MR 1A 23FISLE| =M 237ISLE| S
1E g
2EQ| & W08
BHA (R2/22/F1/D of ot HE
J & BT 2
LA X1 AN E=SEM l:;_ - B
T jAass EFH Of Het 19K
Ao o2k &2 = ZRIFEAR
o 370 174
_ -0.6% O} _
ZRIR R X
TANS (2"37H—+—) TS
el o -0 pS|
o L= XA
e (AIE=x17|5)
ol A
HH 7|Z0| Of 747([ BBOIM £X |- TZEAIY 022 7]
3| 20 AN EUON|-37| MEA| S M HA AN HIE =
ME H2 S oy 2
EX: AT AY

SHA| sttt Bie} Zho], FEIA] B 7T = AHolA 2dshe AEd 712
LY FARY | mizoll EX 0] Al 9] Aol A = FYEA] M 2] EX|0]

& RS BA51L, o & Halste] 7|2 BYs AHstalat el

Y= A 87) 2ol et EAI0]8 B4 4 Ak offel o, ojefst B4 2
T} YR JBY X018 B A2 APgstact

- WECA| WEA ST DM T X6 41.3% / A% 2.0% / YK
26.0% / DRI 4.6% / 2BHEX| 4.2% / 7|$A 20.6 %

O S=9/+#2

L] Al A ] FEA SRloIA Y EF FRES AHEYTE ARl HlEAR U=
110mx110~165m, ZHHE=2k= 60m x 145~179m, T2 1= 70mx 65~135m,
b= ZEWEL= 50mx 60m LY EZEE 5 0] S-S ERIs o, BHHo
2 60~110mx 130~150m2] & F51E &5 Alo| 29} 712§ 63 oot FHAA Yo
AEE0] BAIFRE B0k A 08 #E E59 12 E 7S



[E 4-11] siQ 2T S5 Al

1= AHQIHI2HZLE | AHQI ZRIHI=EL oA Ot 0= ZE™E

2=
At
e
il
=5
327 110mx110~165m | 60m x 145~179m 70m x65~135m

S5 AT A,

EI

MR 7|2 D3O| EX|0ISHST Ky

[—

2

AZRA 7 712, BAJ0E B 7R AR HE S 7Rk = A2 7|21 g9
Aol gA1E HlES that o] ARt EXO1E g2 77, A%, 54l o
L 55 9A B8, 7[EHR o] RO A e St

y

El

o MEHY 7|2 O80| S8 MK H|S: FEH 40~45%, Al 3% LHQ|, 28
=X| 20~25%, WAL 4~5%, 23} ZX|- HAI S SSA|H 5%, LIHX]
= E2 S 7EM BiMoR By
Ol FULR|Q} £ 5 QEAHO| AL FTHAES ATt R Q] S
& 250%1/ha & 7|1 Z83slo] 145009102 AAskt AL wHES
1.2kmx1.2km & 1449’ A4Sk},

N

E59] = 130m x 130mE A5, o] 25 7] o= EX|o]E- H|Eo] TA Al
AES uiEsh A JF= 27 B2, stus 20 2, oM 1, 10 12 4] B
AE 5 Z3AEL 47 E2 02 ujEgict

712 2P Y a5t E’—E’Al@_ St g AR wjAIohs A AlE 4
2ol 1FHORE ZUE , ,
AUFAR FE5}HL #‘J}%‘ﬁ Aol % Zé%j% NEFAE HiA| Bkl v A 2
SLFA, AEH H O 2= ALFAE wiA| sk Al HEE 285131t

i

N
=




[E 4-12] @=L Y2

HH EX|0|8

= 1-34% 2-14& 2-2 % 2-3 4% 314 324 6-2 & 6-4 &
ol 28,205 29,876 25,112 16,923 12,851 18,551 62,262 10,642
ol
l/ha 424 354 308 293 326 372 655 243
MEH2 (3) 11,282 11,950 10,044 6,769 5,140 7,420 23,180 4,735
£ o1 (17.9) 1,141,376.7| 1,704,361.0 1,489,221.0| 1,235,552.9( 1,506,227.0| 1,337,852.0| 1,642,746.0| 1,000,743.0
= =i 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
el (u7.9%) 664,591.6 842,769.0| 631,612.0| 577,566.1| 302,844.8| 461,863.2| 925,603.0/ 438,378.0
TR 58.2 49.4 42.4 46.7 20.1 34.5 56.3 438
19,384.7| 11,320.1| 19,256.5| 10,804.5| 121,392.9| 45434.7| 27,487.0/ 17,992.0
At (m,%)
1.7 0.7 1.3 0.9 8.1 34 1.7 1.8
7.680. 10,882.
AMALX| (1, %) 0.0 ,680.0 0.0 0.0 0.882.0 0.0 0.0 0.0
0.5 0.7
Bo= x| (17.%) 105,348.0| 447,646.6| 483,564.5 336,174.0/ 321,733.6| 318,628.2| 220,956.0| 240,774.0
e=7 e 17.1 26.3 32.5 27.2 21.4 23.8 135 24.1
QEX| (%) 0.0 0.0 0.0 0.0 47,1410 0.0 0.0 6,557.0
3.1 0.7
ASEX] (17.9) 85,706.9| 116,281.0| 143,095.9] 72,993.6| 237,704.0/ 205,810.7| 70,819.0| 63,420.0
=SAlm, 7 75 6.8 9.6 5.9 15.8 15.4 43 6.3
DSA 62,215.0/ 97,061.0/ 105,366.0/ 59,320.5| 34,538.8) 69,644.1| 57,792.0| 53,495.0
= 5.5 5.7 7.1 48 2.3 5.2 35 5.3
by 12,279.9 2,508.0| 23,776.0 0.0 185,885.0|  14,959.9 2,070.0 0.0
25 1.1 0.1 1.6 ' 12.3 1.1 0.1 :
AL 11,212.0, 16,712.0| 13,953.9| 13,673.1| 17,280.2| 121,206.7| 10,957.0 9,925.0
< 1.0 1.0 0.9 1.1 1.1 9.1 0.7 1.0
23 (%) 176,345.2| 278,664.3| 211,692.1) 238,014.7| 464,528.7| 306,115.2| 397,881.0| 233,622.0
corieAE ML 15.5 16.4 14.2 19.3 30.8 22.9 24.2 23.3
o= 173,252.9| 261,170.1) 190,446.0| 226,036.3| 280,631.8| 297,674.3| 270,126.0| 199,381.0
15.2 15.3 12.8 18.3 18.6 22.3 16.4 19.9
—— 3,092.3| 14,354.2| 21,246.1 11,978.4| 183,896.9 8,440.9| 127,755.0| 34,241.0
THese 0.3 0.8 1.4 1.0 12.2 0.6 7.8 3.4
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[O3 4-2] 423 7120] st XAt 7152 Chtat ALl
£X: BAW(2019). Barcelona Superblocks.

https://barcelonarchitecturewalks.com/barcelona-superblocks/(B£2: 2022.10.21); treehugger8(n.d.).

https://www.tree—hugger8.net/bjarke-ingels—group—and-toyota—are-building-wild-woven—and-wood
en—city—future-4856873(F&Y: 2022.10.21.); merca2(2017). SuperBlock: La propuesta del
Ayuntamiento de Barcelona para ordenar el trafico.
https://www.merca2.es/2017/01/30/superblock-la-propuesta-barcelona-10094/(F4Y: 2022.10.21.)
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EE=0| GZEH o] ZA|PEE F-/d6k= Tower Networks ©]tt.

AP 2Y S 9l 4 0R 7 FPEE Prototypes Aol §AE
(FAR)Z} A &(coverage)= 718 A5}, 120 bt TA| FEiE 4517 9
of| -8X &} AHE Hslo]| E 37 23S 71 ARt
o]t TA| Fef FS ARot7] flol thdoll AA AA 8 EA|

=9] "|o|A 3} ZIQEA|C] ZAIFE| AHIE RAFoY] o]E 33T o] -85t

O =W 42 S7HSH Al

Walk Up Slab Enclaves Small Perimeter Blocks Urban Grid Mixes High Density Perimeter Blocks Urban Sponges Tower Networks
<>
.: '
\ /
Can .
FAR =1.00 FAR =1.27 FAR =2.40 FAR = 3.66 FAR = 1.42 FAR = 3.20
coverage = 20% coverage = 30% coverage = 33% coverage = 50% coverage = 40% coverage = 33%

Geos Ecolonia Kronsberg Greenwich Masdar
Denver,US Alphin, NL Hannover, GR London, UK AbuDhabi, AE

Wauban Ba01 Symphony Park
Freiburg, GR Malma, SW Las Vegas, US

Bedzed
Hackbridge, UK

DongCang Zhang-Jia Old Comm. Ctr. Linked Hybrid
Jinan, CN Village Jinan, CN Beijing, CN
Jinan, CN

[33 4-4] MIT Energy Proforma0ilA| HA|St Clean—-Energy =A| 242 9|t Rist Zat
£%: Energyproforma(n.d.). CLEAN ENERGY CITY PATTERNS. http://energyproforma.mit.edu/webtool3/learning(&%¥!: 2022.10.01.)



[E 4-17] Clean—Energy A| &EH 22 International Cases & China Cases

= International Cases China Cases
- Geos Denver, US
Walk Up Slab o .
Encla?/esa - Vauban Freiburg, GR - DongCang Jinan
- Bedzed Hackbridge, UK
Small Perimeter - Ecolonia Alphin, NL o .
Blocks - BoO1 Malmb, SW Zhang-Jia Village Jinan
Urban Grid Mixes - Kronsberg Hannover, GR - Old Comm. Ctr. Jinan
High Density - Greenwich London, UK _
Perimeter Blocks - Symphony Park Las Vegas, US
Urban Sponges - Masdar AbuDhabi, AE -
Tower Networks - - Linked Hybrid Beijing

ZX: Energyproforma(n.d.). CLEAN ENERGY CITY PATTERNS.
http://energyproforma.mit.edu/webtool3/learning(F&Y: 2022.10.01.)
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© (545 TR Lf QEATOIA) HR| Lf QEATO|AL 242X/ 21
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&)0| 713 &2

© (B4 6 715 BIX) 245 BINS DY AME)0| MY 27, Y 11U

[ 4-20] 28 EX|0|S L AHEl240| HHH £

1 BN 644,160 301,056 568,848 540,800 717,303 652,102 712,667

EX| 2 H|Z=HEX] 174,240 143,244 148,189 184,600 172,763 143,709 196,700
0|18 3 SH =X 313,632 748,800 489,660 422,800 323,706 311,344 152,100
(') 4 =2 307,968 246,900 233,303 291,800 226,228 332,845 378,533
Al 1,440,000 | 1,440,000 | 1,440,000 | 1,440,000 | 1,440,000 | 1,440,000 | 1,440,000

et 5| CHX|LH LEATO|A 551,179 375,368 500,658 510,770 566,880 530,675 587,091
T2 6 HE HY 267,221 68,932 216,379 214,630 323,186 265,136 322,276
() CIHE 1,145,232 | 1,145,232 | 1,145,232 | 1,145,232 | 1,145,232 | 1,145,232 | 1,145,232
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7600m 0|4 ZR X171 U HAR 0|S510] SRS AH|3t

o 1x

o If(d < 600m, B3 -ZAAA, If (d > 600m, A7F&-H ) (4] 15)
O 0|3712| 53 YW R22ICICt AH2| vs THEIE 72|

HHH, oli= S-4oll4 600m EoiRl 352 o]o] & 119 7 o & A H o] o]Fo]
= A2= AEEHAA E](Euchdean Distance)47 e}l Sh= Z|T A2+= ofytrt. 2
B2 ool gl 85 olE B0l TU=A 5 LEAT )T FAE 0] =31t
Ae Ao 7te e EE“XPP o5 = UAITE, T1HA] 982 HiFE 2] ol 7t
B/g0ll w4 ol sttt 1Esto] AA| olF A=Y S22 7ok H =] whoket
A&(Manhattan’s Distance)?] &7 B41& 2= it}
£, 7I2dS 7o R 24 FEE Aok, 2adkE AEE Zot Ky T ARA
£ AR, A7 HA 5 AR AT A& 2AoHeS Q). o] o] 7|&

47) 57 Ao19] ARE SASH W B SR, 5 4 2 ARS8 4 99 vekues Aot a4t
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2 Q. ol gt glo] 72 AS 4 9 A9 Zeliel Ar T o] 9o 7
232 ufeh o} sjo} sk 79 Wake A2z} 600m vEIQIA, olelAle] wfet 78

Aert
dp=/(a;— b)) + (a3 — b,)* + ...+ (a, — b, )? (54 16)

< dp=RFYUSAY
dy=1(a,=b) | + | (ag=by) | +..+ | (a,—,) | (A4 17

° d]u: @3}%ﬂa

« (01372 &8 =AU 1) LEAH0|AZ QlsH 71=2XIE
EHAH2(RB IR H2|) WAooz £

4>
3
r
0
40
d
I

+ OIs7tel 58 571 2) SIS 206 TI2AIS + ol 39 2uE 0
2 2|t 72|(HBIE 2)) YAloE X

Rackejeiter
Untversiy

3 / / S . = ) f
% (z,9,)— (xz yz)mw EEN M0 SACIOH A2, B2 H0| MBS 2|2 SHsH= WAl

[22 4-6] S22ICIQF HE[et ML 7{2[e] Hlw

&X: packtpub(n.d.). Calculating the distance.
https://subscription.packtpub.com/book/data/9781787121515/3/ch03Ivi1sec33/calculating-the—dist
ance(E&Y: 2022.10.21)



B 24 29, A ERFE Rl B 1(2.58)0] 7H Al 2 6(1.26)0] 7P W2 A
et EYgEze By 12.58) —~ 2¥ 2(1.60) — 2F 3(1.58) — &Y
7

olsA g AEd Ut oFsshe AH = AAl £89(8,263.000] 7 2aL B Y
4(3,702.6)7F 7V &2 Aoz ZAEAH. FAIF o2 B 6(8,263.0) ~ 712 &
96,065.4) — 2P 1(5,497.3) — B3P 5(5398.3) — HF 3(5323.4) — H3F
2(4,804.1) —~ 5229 4(3,702.0) =°|. o]t AAE At A &L} ol s, A+
HHg ol sAEle AR dS 7HE A o= o & itk

O BU=X|- QEAT0|A

QEATo|AHA 0| 71 Al Ao = EAE|QIL o]= £3Fo| T-H=A| HE
o] 714 2h& 0] 83t Ylo|rt,
[E 4-21] 234 EX[0|2 L EIASE H2QA0| MK £
< al S =] S =] S 3
Z71 2% 644,160 301,056 568,848 540,800 717,303 652,102 712,667
EX| HIZ=7H BX| 174,240 143,244 148,189 184,600 172,763 143,709 196,700
o8 28 =X 313,632 748,800 489,660 422,800 323,706 311,344 152,100
(m) == 307,968 246,900 233,303 291,800 226,228 332,845 378,633
A 1,440,000 | 1,440,000 | 1,440,000 | 1,440,000 | 1,440,000 | 1,440,000 | 1,440,000
JHer | CHX|LH @EAD0|A 551,179 375,368 500,658 510,770 566,880 530,675 587,091
=] A= HY 267,221 68,932 216,379 214,630 323,186 265,136 322,276
(m) falaiks 1,145,232 | 1,145,232 | 1,145232 | 1,145,232 | 1,145,232 | 1,145,232 | 1,145,232
U 1.40 2.58 1.60 1.58 1.29 1.44 1.26
0|=712] (km) 122.2 22.6 151.9 157.6 133.8 101.8 264.6
_ QI HHY 0|5 A2

7 &l (km) 6,065.4 5,497.3 4,804.1 5,323.4 3,702.6 5,398.3 8,263.0

QA
SH=XRIY 864,811 | 1,124,168 990,318 933,570 890,586 842,019 739,191

QEATO0|A (m) ' T ' ' ' ' '
Q17 () 14,500 14,500 14,500 14,500 14,500 14,500 14,500
EX]: A7LE 2.
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OI= 2] (km) 122.2 226 151.9 157.6 133.8 101.8 264.6
217 gt 0ls
6,065.4 5,497.3 4,804.1 5,323.4 3,702.6 5,398.3 8,263.0
Az ga | ZEl(km)
SESX+IX|
W =Ampo| 864,811 | 1,124,168 990,318 933,570 890,586 842,019 739,191
A (m)
oI () 14,500 14,500 14,500 14,500 14,500 14,500 14,500
) i 7657854 | 6940500 | 6065453 | 6721004 | 4674721 681,566.6 | 1,043,241.2
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Chapter 1. Introduction

‘Carbon neutrality’ has been emphasized as a key global and national policy agenda and
issues related to building and urban space for carbon neutral are emerging. The
international community has recognized the seriousness of the climate change problem
and has made efforts to adopt the Kyoto Protocol(1997) and the Paris Agreement(2015)
to solve it. The Korean government has established ‘the 2050 Carbon Neutral Roadmap’
as a strategy to reduce greenhouse gases in buildings and urban spaces, and has been
promoting various tasks for carbon neutral in buildings, transportation, land, cities, and

overseas reduction by 2050.

In December 2021, the Ministry of Land, Infrastructure and Transport revised and
implemented ‘Guidelines for the Establishment of Basic Plans for Cities and Guns’ and
‘Guidelines for urban development’ to realize carbon neutral at the regional and urban
levels in the case of establishing ‘Basic Plans for Cities and Guns’ and an urban

development plan.
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As the importance of carbon emission management at the regional and urban levels
increases, a carbon neutral strategy is needed for the space unit including individual
buildings. Furthermore, it is necessary to prepare a spatial strategy according to the
reorganization of the urban planning legislation. To this end, it is necessary to urgently
conduct research to prepare a planned and designed alternative that combines urban

planning and carbon neutral strategies.

As a major strategy for carbon neutral in architecture and urban space, this study aims
to develop an optimized spatial planning model at the living area level and to present the
direction of introduction and application when promoting urban planning and
development projects. In detail, the study focused on finding ways to reduce and absorb
carbon emissions in urban planning and design, developing a model to optimize carbon
emission and absorption in living area unit, and proposing a direction to establish a

district unit plan for carbon neutral.

In detail, the study focused on three major points; (1) finding ways to reduce and absorb
carbon emissions in urban planning and design for living area unit space, (2) developing
a model to optimize carbon emission and absorption in living space, and (3) proposing

a direction to establish a district unit plan for carbon neutral.

Chapter 2. Concepts and Policies on Carbon
Neutral in the Living Area Unit

In December 2020, the Korean government announced the "2050 Carbon Neutral
Strategy". The vision of this strategy is from 'adaptive reduction’ to ‘proactive response’,
and three policy directions and ten tasks were presented. In addition, the Ministry of
Land, Infrastructure and Transport announced the 'Carbon Neutral Roadmap for Land
and Transport'. The roadmap specialized in the field of land and transportation is
divided into buildings, transportation, national and urban infrastructure, and overseas
reduction sectors. The ‘Guidelines for the Establishment of Basic Plans for Cities and
Guns’ revised in December 2021 shall reflect the direction of carbon—neutral plans in
sectoral plans such as spatial structure, transportation system, residential environment,
parks and green areas. By planning sector, the planning directions are classified into 10

categories: spatial structure, land use, transportation plan, logistics plan, urban



maintenance, residential environment plan, atmospheric and water environment

conservation, waste, energy, and park green plan.

The most fundamental means of promoting carbon neutral in land and cities at the
macroscopic level is to design an efficient spatial structure and systematically apply
detailed elements in each field. On the other hand, typical carbon—neutral space
planning elements of the building unit at the microscopic level include passive energy
buildings, zero energy buildings, and green remodeling that can save energy in the
building. The carbon—neutral strategy can be implemented in a variety of spatial
hierarchies, ranging from national to local(urban) to development project(new town) to

living area unit(district) and building at the bottom.

However, it lacks knowledge and information to quantify the effects of carbon
absorption and emission at the national and urban level, and it is difficult to quantify
due to differences in carbon reduction effects depending on the size, industry,
population composition, and lifestyle of the applied area. In other words, as the
inventory is too large at the national and urban level, there are many parts that are
difficult to manage comprehensively and realistically only with urban design. In
addition, it is difficult to expect a carbon reduction effect above a certain level due to its
size at the individual building unit. Accordingly, it is necessary to comprehensively
consider the urban level while changing the perspective from the individual building unit
to the concept of building group collection. It is necessary to prepare an empirical
carbon—neutral policy and system that considers the increase in demand for new land
use, changes in demand for commercial and business areas, changes in demand and
functions of public infrastructure, and complexation of functions and uses of facilities in
neighborhood dwellings.

Chapter 3. Building of Carbon Emissions
Inventory in Living Area Unit and Planning
Elements

In this study, among the various scales constituting the urban space, the path of emitting
greenhouse gases from the living area unit was identified, and elements of living area

space planning were discovered. In relation to the greenhouse gas emission path in urban
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space, existing literature was investigated and organized to establish an inventory of the
living area unit. In particular, inventory construction was considered as a process of
inferring and linking planning elements for the creation of a carbon—neutral space

derived later.

The results of a survey of documents that have built a carbon emission inventory for
urban spaces are summarized as follows. First, listing energy sources consumed within
the space range should take precedence over inventory construction. Second, the main
sources of energy consumption can be organized into fossil fuels, electric energy, heating
energy, water supply energy, and waste disposal. Third, the inventory of emissions from
industrial processes or agriculture and forestry depends on the land use characteristics of

the target site.

A planning element pool was formed by conducting literature studies and case studies to
derive carbon—neutral space planning elements in the living area unit. Most of the
existing discussions are organized in the form of discourse at the urban level, but in this
study, planning factors were summarized focusing on the effectiveness at the living area
unit. In order to derive carbon—neutral planning elements, an advisory group of experts
in related fields such as cities, architecture, landscaping, transportation, and energy was
formed to collect opinions. Through this, elements of carbon—neutral space planning
such as space structure and land use, transportation plan, park green area plan, building

and energy plan were derived.

Chapter 4. Development of Carbon-Neutral
Space Planning Model for Living Area Unit

In order to develop a carbon—neutral spatial planning model for living area unit, the
scale of living areas suitable for research purposes was established, and related cases
were reviewed to create a spatial planning scenario according to the characteristics of
planning elements. A spatial planning model applied with a planning element scenario

and an optimization model were developed.

First, in order to select the size of the living area unit, the size of the living area unit of
National Agency for Administrative City and the size of the walking—centered living
area unit were compared and analyzed. In this study, the scale of the basic model of the



living area unit is set at a radius of 600m, a 10—minute walk away.

Through literature research, the analysis data of carbon emissions and reduction rates in
the living area unit were summarized, and the land use ratio in the living area unit was
derived through the analysis of the district unit plan and the urban development plan.
Through the low—carbon green pilot village plan and the National Agency for
Administrative City low—carbon energy city plan, the plan to reduce carbon emissions in
living space unit, the district unit plan, and the land use of urban development projects

were investigated and analyzed.

Based on this, a scenario was prepared to develop an alternative model for comparative
analysis of carbon emissions according to the space plan of the living area unit. Scenarios
were categorized through quantitative changes based on the basic model developed
earlier for spatial planning elements. As previously derived, the planning factors for the
model are (1) to develop a comprehensive and compressed use of land to compact the
living area unit, (2) to minimize the travel distance within the living area unit as a
transportation sector, and (3) to expand the park green area to secure carbon absorption
sources. A spatial planning model was developed by constructing a scenario that reflects

changes in spatial planning through a combination of planning factors.

Finally, an optimization model that can minimize emissions was proposed based on the
elements of carbon—neutral space planning in the living area unit. Based on the set
conditions, the model derived a spatial arrangement that minimizes the sum of carbon

emissions in the transportation sector, the building sector, and the park green sector.

Chapter 5. Conclusions and Recommendations
The direction of establishing a space plan for the living area unit for carbon neutral
summarized through this study is as follows.

* To place commercial and business districts with a large amount of
movement at the center of the living area unit

* To place high—density residential and some low—density residential
areas around commercial and business districts

* To place proper distribution of medium and low—-density dwellings in
addition to high—-density dwellings in consideration of the effect of
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reducing carbon through renewable energy production in buildings

* To distribute schools and public facilities around residential areas to
reduce travel distance

* To require a space plan that prioritizes the role of land use necessary for
the net function of park green areas in urban spaces rather than simply
the role of carbon absorption sources
In order to promote the carbon—neutral living area unit space plan in policy, the
application of the carbon—neutral model is required when establishing a district unit
plan for the size of the living area unit. In addition, it is necessary to present the principle
of carbon neutral in the implementation guidelines of the district unit plan. Furthermore,
horizontal land use distribution and vertical floor space system can be used to minimize
the distance traveled within the living area unit. In addition, it is necessary to reflect the
carbon—neutral space plan per living area unit in the district unit planning system, such
as preparing carbon—neutral means by presenting standards for renewable energy

production and energy independence.

This study developed virtual models and used a simulation methodology with
conditions and scenarios to suggest a spatial planning direction to realize carbon
neutrality in the living area unit. Although it has various significance, such as laying the
foundation for calculating carbon emissions, visualizing carbon emission optimization
models, and suggesting policy application plans, research based on actual data on

various spatial scales, including building units, needs to be continued.
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