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ABSTRACT

‘Carbon-neutrality Assessment based on Technology Application Scenario (CATAS)’ provides an analysis of greenhouse gas (GHG)
reduction effectiveness when applying carbon-neutrality technology to areas such as energy conversion, transportation, and buildings
at certain spatial levels. As for the development scope of the model, GHG emission sources were analyzed for direct GHG emissions,
and the boundary between direct and indirect emissions are set according to the spatial scope. The technical scope included nine
technologies and forest sinks in the transition sector that occupies the largest portion of GHG emissions in the 2050 carbon neutral
scenario. The carbon neutrality rate evaluation methodology consists of four steps: D analysis of GHG emissions, @ prediction of
energy production according to technology introduction, 3 calculation of GHG reduction, and @ calculation of carbon neutrality rate.
After the web-based CATAS-BASIC was developed, an analysis was conducted by applying the new and renewable energy distribution
goals presented in the "2050 Greenhouse Gas Reduction Promotion Plan; of the Seoul Metropolitan Government. As a result of
applying solar power, hydrogen fuel cell, and hydrothermal, the introduction of technology reduced 0.43 million tCO»eq of 1.49 million
tCOseq, which is the amount of emissions from the conversion sector in Seoul, and the carbon neutrality rate in the conversion sector
was analyzed to be 28.94 %.
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TA] QIR 20304 60.4 %, 20501 66 Yo(UN-Habitat, 2020)7}

64  KSCE Journal of Civil and Environmental Engineering Research

b 9] g ledE AuEle HY(CATAS) A

A S71E Ao g EEER, =A] I wiese 2kE
Z243] AloJsh= Blo] wagd H3t G Iilelelar & &
ULk 53], A ofuir|aH]Fe] RE S 2471 vl
A ZRBRE BIS2 70 %olH, Aol g AHS S5ishd
205049744 90 %¢] LAVl WETR] Folsi Hlo e dZdrt
(IEA, 2021). ¢-2ufz} 55t 7o SFARRA(AEEA), T2k
T -FF -2 Q1R 43 %7t AdaL §lom,
TEEE HFAUAPE 77 A1 31 %E AR =
9] Q- Sl wet ARdsle] o] B o ks i Aem
FEEg, JSHQ 247k b durt Re3ti(BBC,
2021).

9] Fo=2 AR S A s Bl aXPE TS
A AL Ik Ve FANEHe] Lks B mea
s Sl A Fo viEd 2k SR E FIskEt
AE3pH, 4 719k A)2¥e] Facility Level Information on Green
House Gases Tool (FLIGHT)S £3)] ujtfi ulZA1Ade] 227}
2 SRS 7HAIskslo] AlgkaL JIL(US EPA, 2021). F=2
719 AR HERolA 21 ©hele] 247k S 5
EAAEE Awstste] =7 Well A B8k v S Territorial
emissions)S olU1A] FEAFAREA} T2 TS ® AlFskaL Jlrk
(UK NAEIL, 2022). 3H, 9 AF = =A728} as A4
Bl W et 89E ¥EA 0 2 Xk urIs 4 gl 37t
F24 =721 CO, Reduction Effect Simulation Tool (CREST)Z
i 2 ARESIAL JIEHMLIT, 2014).

3] ARITellxie] AteelA] b TR BT 7leF
4 Tl ok B3 99)olA BRI 719 TE RS

&
o

SFY YlofEg WP, 7] Bag weid vk
B

d

e

ARE &3 59 715 AlFste =219 So| 1A
Aotk 53k =7} W) oluiR] BEe X9 A Thee] o]
AzEl 2o ZHoA A7) A5, ZRAE th] RHPS

ot

AVI7E TR T B AIE] defollr] Habgnrt £490]
B2 2ela s)e] Axesjole] AL, Satale] 74
Y, oA TF 428G 5L wrdelx] EalaL, IPCC Tjo)=
gRjlellA] AlE8k= TIER] ¥WiEAITE AH8-37] izl =
AAgRkedo] mlgsirk

e B s vy 71 Ae]e. Z8(Cabon-netral
Assessment based on Technology Application Scenario, ©]3}
CATAS) 7l B3l 37rlolr] eazs 39 7|ss A8
e 77 SRS AEFS BAS sl gk RiEeke
el ool W ES e, RHAHAE AT A2
27k 5 AlSE CATASO) #-88te] Fas dtsfr izt
sh, mpREE AEelx= A 9 FFHAE ERAL itk




2. =

2.1 2 HY

22Vt vE Y-S viER
dog e 5 vk AuEde sg 3XHEA) Hellx
230 2 2k wiEshs AS Sk, IFEds si|
SRHTEAN flelx] ke 271, A ARgsto] HlESh=
omjgick UNeJ| AlEshes =7F 247k viEw Baxs 250
S TS R opn, 2P HANE|(Greenhouse Gas
Inventory and Research Center, GIR)ol|X] #|F8= 2| &2}
2 ulEEA| Bk 2 wiERhke: aefelal itk w2 e
27k S e gk Al St aejste] skt
gtk

2 A7) B3 WHelE AR E RlERe R s, vk,
AP T 2k wiEdel tigk 7 AP AR 1ot
& 5o 'HE Al 2 o] Adt HE o Aozl ulE}
FefuEhs BEXE ol % 54, Aele] EAol Wk A1
7F A efate] AR, HEjA]Y, FEA A, Ak
BRAAY 47)9] A How TR B3 FEERe] ]
AL &= evet SEWAS gTod, AP, A
HE 1pPro] EX|o] 83 gt HAGAE Aleste] TE=NL,
HAE 9 Tl E8AL Qv 38T Al e B AR
TR, frks WAL SRR, AL AL L HIRR,
71k gREep, AEPEE X)) 4 8o wet EXY] FRE
=9, Yol sk, E8 5 2872 FEITE gaTy g
OJYFANRA TRATH 7R AdelM AFT Tl

=

wep 2gulEast ke

%

=O
o=

[
o
e

= O
o=

EEE

Table 1. South Korea 2050 Carbon Neutral Scenario
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Table 13} o] 2050 ©4FH AUz 2(Joint Ministries of
South Korea, 2021)= FA 24712~ “al&°d) “F 4 AAZ
TR B ATy B AAS 3 d¥jolH, “ujEre
gk B2 H3k A, 5, F 5 WIS A B
W, “FF D A gk BEe S, olksieka 23
LEAPHCCUS), As7|12HDAC)E &7t o] T 247t
2 HjERo] 7P 2 g ) ik 7|ses SR arefskast
gt} ufhA] AU E=A OHYE, @FE, Guleloly
A, @58, O3FAUA], ©FAaASHA, QHSL, OAES
FFelHaL, SR A9 22 SlEHEE 3RS T Jde 0FE

9 OARFSLE V1% Wlo) EFHATTA ST Table 2)

ek AT 2 ARl

22 T HiHE
CATAS9]| &-43} &
(Table 3). $-4 OLA7k~
2 ouraE d= F ks
HE APt Ok wiERke AulERt aefeielon,
@&EAkE= GIR P25 F3F ouiA] 78k FitellA Gt 717t
e HETitE S E8sislon 9 OulE Sl 20219
=7F 32 wiEATE 83tk ©AT-dsHA5H(Global
Warming Potential, GWP)i= 227|1 Aeus} 7oA =S

2EY

(Unit: mtCO,eq)

Emssions Absorption and Elimination
Agriculture,
Sector  |Transition| Industry | Building | Transport livestock, Waste |Hydrogen| Evasion Sink CCUS DAC
fisheries industry
686.3
2018
269.6 260.5 52.1 98.1 24.7 17.1 - 5.6 413 - -
5050 A 0 0 51.1 6.2 2.8 154 4.4 0 0.5 2253 -55.1
B 0 20.7 51.1 6.2 9.2 154 4.4 9 1.3 2253 -84.6
Table 2. Research Scope
Scope of GHG emission Spatial scope Technical scope

Direct emissions

Boundary between direct and indirect emissions
*Verification using data from 17 local governments
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Table 3. Data Construction of Carbon Neutrality Estimation Process

£%9 71448 AUele ZHCATAS) 9T

(@Energy Production Forecast

x (©Global Warming Potential

. . . . (@Calculation of GHG @Calculation of the Carbon
(DGHG Emission Analysis i;;(l)lritt:f I:o Technology Reduction N it T
GHG }.SITHSSIOH (Direct)= | @Climate Data - (®Amount of CO, Reduction
@Activity Data
< @Emi?s/io /Absorption (®Techology Data (©@GHG Reduction Followed with Carbon Neutral Tech/
Factor P (DEnergy Production by Technology Application CO, Emissions in 2018
Calculation

| | Data Accumulation | |

(c)National Institute of
Meteorological Science,
National Maritime Research
Institute, etc.

(d)KS Certified Product
(e)Market Potential by Energy
Source from Korea Energy
Agency

(a)Statistics of 17 Local
Governments in
Electricity/Thermal Sector
(£)2021 National Approved
Emission Factor

(f)Energy Production
Statistics by Local
Government, LCA Emission
Factor

(9)17 Local Governments'
GHG Emissions in 2018

Ul Aol GIR2PE SdsiA4E wef o tsiekigh
AHCOseq) V1o L4} W% BAE Stk
71 WSk 2.1 ] 9l e oLl A R
107 71e524] )54} 71498 B-83h] Table 4(Lee et
al., 2022)3} o] PAAAE 712 Tstel @71&Egel
W oL ol itk (715 ARE TRVt
V7 SRR, SIzA0] AT HolelE B85
or, Z1FAne} S THee i, B, 5, S,
B, A, Seloltk, (IR BT J1e

KSQIF AEARE 28319
ARE3] wite] 22 Vg
G| E 89 T2 B

o] 7eAREE 3 ol 8E A

Qe e} o) EHES

— =

g BaSIk T 391 7KenA
7iegn g s=gshen) A}
=Rk A0 Wk

O2WtE A5 AUAAS F2 G d VIEs=dd

e ouRpglge] Al

SR AT e 2l

2| ik ZPgsle] Asisrh &4

>

p

712 viEAI = 2021

W SRRl B Wl B FAE AN B
QAme) FR7} chgsl] whizel Eerglol s AAPHCIRL A4,

Table 4. Calculation Formula for Annual Power Generation (kWh/yr) and Absorption by Technology (tCO,eq./yr)

Tech. Formula
PV Solar radiation (average) x solar module area x module efficiency x 365 days
Wind > Wind speed frequency distribution (Weibull distribution) x turbine power curve
Biogas plant power generation (yearly): rated output x number of installed units X number of days per month x 24 hours
Bioenergy Biogas plant fuel consumption: fuel consumption per hour rated output x number of installed units x number of days per month x

24 hours

Hydro-energy

Fluid density x gravitational acceleration x flow rate x effective free fall x system efficiency x operation rate x 8,760 hours

1/2xseawater densityxtidal flow rate’x - /60xfacility occupied areaxequipment efficiency=8,760 hours

Ocean 1/2 x fluid density x gravitational acceleration x george area x maximum tier” x turbine efficiency x 8,760 hours

energy

Fluid density x gravitational acceleration® + 64 + x energy cycle? x significant wave height x 10007x7xequipment length) x
equipment occupied area x number of generators x utilization rate x 8,760 hours

Hydrogen fuel cell [System output x utilization rate x number of installations x 8,760 hours

Solar thermal

Solar radiation x solar heat penetration area x number of installed units x number of days per month x 0.004186 (MJ/Kcal)

Geo/hydrothermal fime (h)

Rated capacity (kW) x (1-1/COP (coefficient of performance)) x 3.6 MJ/kWh x monthly heating and cooling energy production

LULUCF

CO, absorption (annual): planting amount of trees by tree species x CO, absorption per tree by tree species
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IR kS ASS Ut v R ST HES e BjokE A7)1E(ASARE 2021 AL URI A e Efkd
agesto] 7ery - drhd eFHs) HEA BofRl= AWe AT S 25 TR Fele] AE JAIE BdE
AE2A 20189 @CO, viE= gH] 7Es] & 2 7= W A|2E)(Building Integrated Photovoltaic, BIPV), =2 R &
O 2 ARkETE o] o 20183 VEO R 4k offi= =7t &4 E53 Ay, SEREAE g EE 5o ASUEs
2> 7rEE-H(Nationally Determined Contributions, NDC)7} Ag30c}) 29, KA LEA (A UREAF elokd vl
2018 ] 2471 ZEego]7] whgel] A|xiAle] H3xet SAlet A A S8k ffste] SEAERIQ) AlRlK) At
a2} ik e Ageslom, AgeuAlsAl BBl AT, A&

AFEAL AFF7 1A, K2222]olF) =73l & g EEAk
3. Y AN Sg 2205 k) 5 Pt ] 31 S0 ARe

FHIL Utk o]F B3l HFA R 22714 500 MW, 5037}
AEARE T BA] H2E 2050 eAEH AlIES FEska 2 5 GW] gl Adv] Bgs 5RE sk gtk 0AszA
C40=A]71Z3-2] B A1 8(C40)] "2050 Seoul Climate Action B AFe] A HER|, ZLEAYAE L AT

Plan; & A1&8k v} ek AReAZE 23E8h 12050 247k 3= 7Fs A 5 EAIRIAE Aol ARAA] Ba EYE
FAE e 02 U9, 02 e, 01" & @Y FI8kaL, A5 E dHETe] 5 % oS dAuAE dAshs
U], @17 Ato]Fol sfdeh= St 22| 7470 AFAIE 2& oFeehs oo SiAgE L3 O B e 5
AL ek o] B3l ARAlE 2030197k4] 2005 dn] 247k S FEE o8t Wb S-S Sl ARl 7HAIaL ltf(Table
HlE2] 40 %S 253, 20509 easd B BRE st 5). S A T B, A5, Aol thek At A
ek & Aoz el ouA] dehiEnks vheaL 9le x)-2 Al1gE vkgste], 71 =Yl whE Uit

B2, AeAe oluA deeek] Wigs AR HEskL,  Table 69f aFg4e] B83}e] clSsiaion, ofg ngom 24V}
M CATAS B9 285 63)l s A 550 we &7k = 53 8l s dE 7o ke it
a5 Y BaEHE 9 W sl
AT 2050 7R S SRR 9 o] Rl 3.1 EfE xg

O Bl BFhl, @ dsdA] BFe, 0 o5, 5o A=Al AFSIAL Q= g BaEsis 229714 500
AR A - o)8- 5o Tigh AIBtS etar ek Al MW, 507k 5 GWo Tk o]E @daly] lste] @A ie
TR AZCES, © HgE HASE S8l el mEals,  KS AE T 7P =2 AAEHE Ueils ddleluAETA
FTAETA} Felste] 227k =Y dAjel AR 2 Al HIE-S665D] BEl AXE 7Pgslsic) eY R REwa
FAPGN 25 MW A4, @k wida: 5ol 500 MW 2108 B2 2 3.0 m’, AAREL 214 %= A4EY 665 WE BA
3p, olejelle s At vjeyd 2A] s, el Aol S AL R AeAlel ] AlRRE B3k Hwks 2/dst

o rir

Table 5. Major Policies by Sector in Seoul’s 2050 GHG Reduction Plan;

Sector Key plans
(D Expansion of solar photovoltaic|- Expand solar power facilities to 500 MW by 2022 and 5 GW by 2050

(@ Expansion of fuel cell supply |- Expand the supply of fuel cell facilities to 3000 MW by 2022 and 1 GW by 2050

- Installation of small hydroelectric power plant (2.5 MW) in Jamsil barrage
- Expand the supply of cooling and heating by installing new hydrothermal facilities such as Han River Flood Control
Center (350 kW), Gangnam Samsung Hospital (40 MW), Yeongdong-daero Complex Transfer Center (14 MW)

@ Discovering and using new and
renewable energy

Table 6. Calculation Formula for Electricity Generation (kWh/yr) by Technology for Pilot Application in Seoul city

Tech. Formula

PV Solar radiation (average) x solar module area x module efficiency x 365 days

Hydrogen fuel cell |System output x utilization rate x number of installations x 8,760 hours

Rated capacity (kW) x (1-1/COP (coefficient of performance)) x 3.6 MJ/kWh x monthly heating and cooling energy production

Geo/hydrothermal time (h)
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