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Abstract

This study estimates the greenhouse gases (GHGs) emissions from energy sector of Changwon city from 2012 to 2020 and
scenario analysis of GHGs reductions pathways in the context of the goal of 2030 NDC and 2050 carbon neutral scenario in
Korea. As a result, the GHG emissions as a reference year of carbon neutral in 2018 were estimated as 8,872,641 tonCOzeq
accounting for 3,851,786 tonCOqeq (43.6%) of direct source (scope 1) and 4,975,855 tonCOaeq (56.4%) of indirect source
(scope 2). Bspecially, among indirect sources as purchased electricity, manufacturing sector emitted the largest GHG
accounting for 33.0%(2,915 thousands tonCOx,) of the total emissions from all energy sectors, scenario analysis of GHG
reductions potential from the energy was analyzed 8,473,614 tonCO;.q and the residual emissions were 354,027 tonCOzeq.
Purchased electricity and industry sector reducted the largest GHG accounting for 58.7%(4,976 thousands tonCOzeq) and
42.1%(3,565 thousands tonCO;.q) of the total emissions from all energy sectors, respectively.
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2018). 20229 IPCC Al6At EAA A E 2021~
2040 <Fof Atde} o] dt Hlwsl 1.5C =oHd 7Hs
dol uljg- Am, 2ATEA TE-Z QI9F ot ERt
o] " g5ttty B1ska! QITHIPCC, 2022). A Al
A 2AZEA B E L] A2 ofYR] ARFO R ofiZ]
HE 2ATEA ZEFo] 4ot B3], Ao =] e}
F2 Ao Fg et AR AMES
ol Aol LATIAE Fole 7Y Al ol
H(Lee et al., 2022).

20199 SEuere] A 247 A viEse Azt
701495 tonCO2e 22 2018 HiH] 3.5% 431
I (International Energy Agency, 2021), 2019%
SEutete] AR 2A7A WiERE 611,59
tonCO 22 77t HA| 247k viEF] 87.2%E
2FA5kaL tHGreenhouse Gas Inventory and
Research Center, 2021a). 3], YA & 247}
2 W& 99.3%3] 607.39W7F tonCO27t A=A
2o A BiE =1L QITH(GIR, 2021a). 20219 -2t}
9] ol q=] M2 AlA 991°1™ 2011~2018E 7]
AR 1.9%] AE5H F7HAIE Holort, 20184
< 7|dog A%d -2.3%9 AAEES Holugt
(Korea Energy Economics Institute, 2021). 2019
W A2} o] % o | 7] AHlo] Aast AR, 2 A
HHEohe @42 Holx, 20309 744 12} v A] =4
ot 8487t F7KE Aer A S ITHKEE],
2021). $-&vreh= 20209 A7F 222,563% toe?]
T aHEFE Belom, ouzdiRs At
13.7%, A 49.1%, AA7FA 12.0%, 3 19.7%, €
o] 1.2%, A A2] 4.3%= LUrergTh $-2u
2ho] FFoz] AHjYL St ARANE, A4, A
7t2)7t 74.8% = R ZAITHL Qlis A0 & e
WCHKEEL 2021). 20204 71<& A= A3F 2,263
A toed] FHFollvA] AnjFgS How, oz ¢dd

= A8 37.4%(8474 toe), =AI7FA 23.6%(53534
toe), HAH  38.6%@8717 toe), AR
0.4%(9.97% toe)= UETh A= A8E 71
ol Avetal glom, SIAR(AF, EAIZIY)E A
A &M 61.0%E AAsHL Qe Ao 2 et
(Changwon city, 2021).
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Table 1. Urban characteristics of Changwon city from 2012 to 2020

Sector Unit 2012 2013 2014 2015 2016 2017 2018 2019 2020 Avg.
Gross area km? 745.32 747.12 747.27 747.67 747.67 747.82 747.92 748.03 748.06 747.43
Population ~ Person 1,106,081 1,098,752 1,091,513 1,086,852 1,080,133 1,072,657 1,068,955 1,059,813 1,050,207 1,079,440
Households ~ House 408,227 409,981 412,256 415872 417,762 420,517 425771 431382 442,097 420,429

Table 2. Energy activity data of Changwon city from 2012 to 2020
Unit: 1,000 toe
Sectors 2012 2013 2014 2015 2016 2017 2018 2019 2020 Avg.
Total 2,417 2,457 2,461 2,406 2,402 2,417 2,350 2,299 2,263 2,386
Petroleum 892 928 966 926 915 942 859 871 847 905
Energy Gas (ING, LPG) 564 576 558 548 553 543 554 523 535 550
source Electricity 960 952 932 926 928 925 930 897 871 925
New & renewables 0.80 1.27 4.73 5.86 6.39 6.75 7.13 8.09 9.97 5.67
Industry 1,015 972 949 920 913 900 883 850 836 915
Energy Transport 663 690 673 699 685 683 678 687 634 677
sector  Residential & commercial 451 491 475 414 429 441 470 452 393 447
Public & other 288 304 364 373 375 393 319 310 400 347
2. 4718 22 A=+ U 1SYY
ol bio o2 FsAtme A HFANIR] 2HFE 7%
21. Frel 99 o2 si9ich EAIA] W, & 4l g lEe 5
A A H9l= A E AU A9E did A 224 7 EiE el 52 1Elsh] f1EeItk(]in
o= sttt FYAE WA 748.06 km?, AT oF and Hwang, 2012; Park at al., 2017). &5At2+E =

1059 1, Allth &= <F 4471 AMlti7} J5=ot= A o]
tHTable 1)(Changwon city, 2012~2020). A17+4
HAE YA A7 S A% B4 Al 247

2 @ BAoR TR FUN LU A i
A BA A FlolE 1 2 55 A1 A= o}

2} 2012~20209(O7A) o = stirt. Al e =
ANA FrETF B2 20189E 7|EAERE oo, =
7t BASH - 5434 71 2AE oA AARE 20301
2050 B AFE AU 2.9 205049 AEEE 7k
£ 48359 HRelevant ministries, 2021; Changwon
city, 2022; Relevant ministries, 2023). W22 ¥
= YAl oA 52 E5AtE @ 247FA QIFIER]
AA"l TS o 247FA wiEFE 4Pgsta,
2030413} 20504 A oUAHE 247 A 57
2 AR e D o] sjEFS AR o]
7}l S QA 247 A ST =

7FSAR R 715 [PCC 2472 4213 7He aeo]
A FESHATHIPCC, 2006; Korea Statistical
Information Service, 2012~2022; KEEI, 2022;
Petronet, 2012~2022; Changwon city, 2012~
2022; Korea Environment Corporation, 2017;
IPCC, 2019). =7} o9 A] SA]° et A=e= A4, 7t
2(LNG, LPG), A9, A=, F22 41, &
%5, 7MY, FF 7R FESHIH (Korean
Energy Statistical Information System, 2022). 3¢
Al ZEA(NG, LPG) % AU A] 457 BErtas
=7F |7 FA 9 F2E A ol ZE O] ofy g
O FAA R = 9 29 o 2] B 71¢e] 2km
£ 285151t Table 201 2012~2020d 4] ol
219 2 RZH ovz] &FAEE AASI 2012~
20209 Hat FHLA AA o v =] EFata (2FlHA]
ZAHEHE 2 386 toeR EAETE AMA oA g
2 A4 9054 toe (37.9%), 7H~(LNG, LPG) 5507
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toe (23.1%), A= 9257 toe (38.8%), AAAFANAA]
5.677 toe (0.2%) °ltt. FYA] ouA]4El= HEo]
oF 39%2 7P WA A Ao R = EF ol Z] tH] A
35| 2 HlE = UEpg o, Aol A1 e e FEell
Y] v Ag+ ¢F 51.5%2] S7HAIE ELloh
A ol 2] FEERE= 4 9155 toe (38.4%), &
6774 toe (28.4%), 7F3 -4 4474 toe (18.7%), &
718 3473 toe (14.5%) 2, AFAF-7olA 7 =2
oA 4H1E Hol At At oF 2.4%= HAasche 7
& UEhdch

2.3. HiS T LYY

FAA AUARE 2A47EA HIEEELS 2006
IPCC G/L¥ 2019 IPCC G/L EFAAE 71&2o 2 3}
ATHIPCC, 2006; IPCC, 2019). Bi&Fefjol wha} %]
A PTG YollA gzt 5 24A7MAE FHH
© g2 Hj&3H= ARE(scope )T AR BAETF
ol A 213 A Q1 AVIA &L glou HE AME 5
0|5 FHISH= 917ke] E5-01 7 HlE (scope 2)2 T+

ESrHK-eco, 2017). 53], o744 5 B
LA WS D B4 AT EAEA o R
KeN -
)
l

an

rlo Ao

THo= HlERES stk IPCC AP A1
ol 2agh AP, S5at= 4 At

£ xzobotal glom, =4 mEet 7
< B0l 2AE 31 YHES AAlsk ekIPCC,
2006; IPCC, 2019). 2006 IPCC G/Lell =% <
222 28WE (scope 1) A4, Az 2
A4, &, 718, i, EFAJulE, olitshet
A 53 A%, TH S (scope 2)2 A3 ol #]
& 70FL QUTh Table 300 A ov2] 77 24
7k viE APYAE AASHE oy drda,
A= Aie] 71R1% G4 viE, MY AMgo = 4HA]

~

C

g ot
R

Bgstct MRS P 9 ey gEAaet
A, & TAFL B F o 28 A2

T E2=20= 89 -+

e o

3}2]4=(Global warming potential over 100 years,
GWP-100)& 112fsto] AFgstglom, =A)] 4t
o #she e 2-8sHATHIPCC, 2006; K-eco,
2017; TPCC, 2019). 4H Wi 2472 CO,, CHy,
N,O 371 247k~ 242 A4skelrh. 2006 IPCC

Table 3. Equation and level of GHGs emissions from energy sector

Sector Equation Level
E, ;= Z(Ai X EF, X EC, ;< F,, ;)
' Tier 1
E, ; : Fuel (i) combustion by GHG () emissions (COzeq ton)
Fuel Combustion A; : Fuel (i) consumption (kL) or
EF, ;: Fuel (i) by GHG () emission factor (kg GHG/TJ) T
EC; : Fuel (i) by calorific value (net calorific value of fuel, MJ/m’) fer 2
Energy F,,; GHG (j) by CO; equivalent factor (CO=1, CH4=29.8, N,0=273)
B ;= YA, < EF, ;< F,, ;) ,
i Tier 1
E, ; : Fuel (i) combustion by GHG () emissions (COzeq ton)
Fugitive ) . or
A, @ Fuel (i) consumption (kL)
EF, ;: Fuel (i) by GHG (j) emission factor (kg GHG/TJ) Tier 2
F,,; GHG (j) by CO; equivalent factor (COz=1, CHs=29.8, N,0=273)
E, ;= Z(Ai X EF, ;< F,, ;)
K3
E, . Fuel (i) combustion by GHG (j) emissions (COzeq ton)
Electricity Use N Y e Tier 2

A, - Fuel (i) consumption (MWh)
EF, ;: Fuel (i) by GHG () emission factor (kg GHG/TJ)
F,,; GHG (j) by CO; equivalent factor (COz=1, CHs=29.8, N,0=273)
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G/LO 48 A, &84, A5 28 7 58
nefste], AtgFHE AT ArdL S o=HE
dtA o2 PR 2A47FA EH2 SHH(IPCC,
2006; IPCC, 2019; Ministry of Environment,
2020). °IYvA ¥iEAS== 2006 IPCC G/L, 2019
IPCC G/L % GIR AR 24712 &3 A8 A4
5 71E2ZK(Tier 1, Default value)® =7t (Tier 2,
Domestic value)2 7|&S02 vWjEA+E 3 9 +
Z5HATHIPCC, 2006; K-eco, 2017; IPCC, 2019;
GIR, 2021b). A & TEd=F oA Al
Uz 5 Bit7| &S A-&stgl o, AH2d8kr] 4
(GWP)= 1IPCC A6x H7HEIIA(Assessment
report 6, ARG)E 4-§5to] AL B & Aot
QTHIPCC, 2022; Ministry of Trade, Industry and
Energy, 2022).

3.2 &

3.1. ZHEA| LR[S 2ATtA HiEE YA

423

& A A0S A AT A 2A7EA Hl
ZFS AYuE, ISR RSt YER I ©
FTH 71eAxR] 2018 YA oA 7 247

HEESC 8827,641 tonCOss, HHHE
(scope 1)©] 3,851,786 tonCOxeq (43.6%), ZHul&
(scope 2)°] 4,975,855 tonCOaeq (56.4%)5 A}A|5}
ot 2012~20204¢ A= viEH2 20179714 5
S gHEshH E3oks FAIE B 201749 olF
Bt oF 2.1%E Aok AFS Ve, A5
] TP S A A o= FHA vlgo] A U
Wt 2018'A A o U2 7 2A7FA v EEE
A oY FE 2A7EA viEFY] oF 14.5%F
FAI5HAL 9k (GIR, 2020). Al oAU R]H2 247t
HiE<F 4P A5 A5-S o =23 A 7HA|
AZEA T AT 22 08 S g 2|2k
2A7EA BEE, GIR 202248 A|E 2474 HjE
ALY ATHE g-8-oto] AP 247 HY
F2 HustAtt (K-eco, 2014: K-eco, 2019;
GIR, 2022). 20174 7]& ZHA] oA 2 vi&F
2 T A 2ATA S ARG 2
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Fig. 1. Annual GHGs emissions from energy sector in Changwon city from 2012 to 2020.
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Table 4. GHGs emissions of the specific categories from energy sector in Changwon city from 2012 to 2020

Unit: ton COzeq

Sectors 2012 2013 2014 2015 2016 2017 2018 2019 2020
Total 9,091,849 9,180,281 9,155260 8941881 8930413 8999938 8,827,641 8624688 8432733
Sub total 3,955,485 4,090,075 4,171,450 3,988,888 3,965,077 4,080,711 3,851,786 3,822,875 3,763,989
Sub total 980364 875892 867,745 816533 818003 818663 805608 799,810 755,994
Tron and steel 17997 18424 20433 18821 3,028 1,213 1,207 4489 10,480
Non-ferrous metals 13,291 284 185 152 164 308 306 193 199
Chemicals 3,146 1,051 36 - 14907 75379 101963 131491 134422

Pulp, paper and print 1,900 1,175 1,044 1,95 9% 707 391 439 374

Food processing,
beverages and tobacco

Manufacturing Non-metallic minerals 1,993 2,843 2,39 2914 3,461 3,719 2727 3352 7,626
industries and  Transport equipment 8,695 7,694 8,358 5592 5,165 6,002 4,049 7,856 9,478
CONSHTUCHION 3o chinery 138115 56202 4353 2046 2B6B 1839 1866 18802 3087

Mining (excluding fuels)

514 1,582 634 505 754 746 531 230 351

and quarying 707 8 - - 1 - 1997 1719 1203
e Xﬁi;zd‘“’(’d © & s " " - - 6 %
“Cl")ﬁ’e E;fr Construction B0 3620 5569 570 5080 48009 435 BEO 3533
Textile and leather 18 - - - 215 394 - 39 -
Non-specified industry 745,428 749,677 735,093 705,925 704808 663,857 630434 587454 516,408
Sub total 1862364 1925966 1867734 1947921 190655 1939787 1927268 194685 1842,052
o Road transportation 1,783,726 1888316 1832149 1892883 1892327 1904130 1905506 1,908978 1805154
Railways 9,604 471 - - - - - - -
Water-born navigation 69,034 37179 35585 35,038 14229 35657 21762 37878 36,898
Sub total 1093737 1268775 1417170 1205995 1221895 1303953 1100225 1058557 1,149.213
Residential 37782 812713 TI5456 554928 565217 586266 (34274 606291 616,123
Non-energy  Public 146179 190,697 408000 423266 414862 467995 210136 203123 247031
industty  Commercial 233761 212340 218025 216448 229569 237,177 240671 233238 221,590
?,gri?”h“r.e forsny/ gens 05 1559 1138 12247 1257 1514 1595 64509
ishing / fish farms
Fugitive Ol and natural gas 19020 19442 18801 18439 18623 18308 18685 17652 16,730
Sub total 5136364 5090206 4983810 4952993 4965336 4919227 497585 4801813 4668744
Residential 614185 611000 585966 586737 609266 610,198 (42630 646,098 679,256
Sub total 1207360 1311700 1262244 1282858 1308806 1319587 1342528 1304439 1,275,070
Indirect i‘:’ffe Public 190761 213726 216725 21764 222946 225366 231169 23118 21473
Z’;‘;;Z Flect Service 1,106,599 1,007,983 1045519 106523 1085860 1094221 1111359 1,073,257 1,053,597
y)  ricy Sub total 3224819 3167497 3135600 3.083398 3047264 2980442 2990697 2851276 2714418
Production  Agri-fishery 4979 3355 6068 64588 67953  TIO T35 72305 73315
sector  Mining 1427 1901 1862 1828 2391 238 205 1801 1374

Manufacturing 3178413 3112043 3,073,080 3016982 2976920 2915136 2915136 2777170 2.639.729
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8 8,758 tonCOseq, =233 A 247}
2 #E 9,191% tonCOzq, 20229 A& A7k
HjE5F A[HAY 231 9,318% tonCOgeq, 24712 Q1
HED] JHEE 9,0008 tonCO2 02 UEFTH
(K-eco, 2013; K-eco, 2019; GIR, 2022). A4
247 WS AP AT AP ERtet A eE
Z, oA EEA=E(Energy activity), HIEAT
(Emission factor), <= 'TE% (NCV), AF2d3H2]4
(GWP) 5 2.7~6.2% #9190 2tol5 Hrt.

Table 41l 2012~202041 FHAA] AR HE 24
7t A3 B & A ATE A S eSS
Aedao Az @ A, 5, vl oy A 4, &
T4 HiE, MHAEY TF-AH| A, AR EoR 2
FOFATE 20189 7| FHA| 2A7A 9 HiEa
ol (49 37 EE)2 AXAHEE HH 2,915,136
tonCO2q (33.0%), FSHE AF 1,674,042
tonCOzq (19.0%), AHIAHEE A 1,111,359
tonCOzeq (12.6%)E A=), oA viE
ARATE= A 2,183,017 tonCOgeq (24.7%), 7+
(LNG, LPG) 1,668,769 tonCOqq (18.9%), ¥
4,975,855 tonCOzeq (56.4%)Z AFHE ALY o]
H2d aEg A2 AHuEY Alxd € a4
Y 805,608 tonCOzq (20.9%), <5 1,927,268
tonCOzq (50.0%), 7FH8-335- 44 1,085,081
tonCO2eq (28.2%), &HOIA 15,144 tonCOzeq
(0.4%), &= 18,685 1onCOzq (0.5%)2 AHAI5tct
FEEEOA wiE vl&o] 7P = vEhg o, %
HE 5 L25Eo] siEd] 908.9%E AHA|stal Sl
Aog ZAEGT FEHiE2 7P 642,630
tonCOzeq (12.9%), B8 A1H 2 1,342,528 tonCOxeq
(27.0%), sHo1Y 73,508 tonCOzeq (1.5%), T - Al
%% 2,917,189 tonCOzeq (58.6%)& A5t &
- AZXY Fzo] viE vl&o] Ayt o] oz A 1
o, Y- AxY Fi F AxYe] 99.9%=
BB AA51 Utk E24d, Axd F72o 24
7k 1S Q12 A W vilE HlFo] =& w7kt
PR 9121 T AXE FHE EA| E4do] aQ11 AL
2 BXE K Changwon city, 2022). £3], 20184
A L] HFoll YA Anre AAAEEe] 25.1%
Folu, 4t 23.1%, &% 23.7%E Aot = A
o7 BAEATHKEEL 2022; KOSIS, 2022).

A

3.2. 2121A] 2030 NDC X 2050 EFASY 2A71A 2+
2 A2 AR

3.2.1 ALzl 4
Table 5 94 2030 NDC ¥ 2050 &4A5HS

AT E AU 2 A2 =7 2030 NDC(=7F
SA5H =A% 71EA19) 9 2050 E4FH Al
ge A5 HE&E st dIotiti(Relevant
ministries, 2021; Relevant ministries, 2023).
2030 NDC&} 2050 ©4FH Alvtz] 2.9] ofyz] <
2 A% A, AE, 75, 55 2R o RS
2 FEHT 2030 NDCE 201849 HiH] 203097HA]
40% HAE52 ZHF Sl (Relevant ministries, 2023),
2050 BAFE AU & 20509 & WiEF 02 =
22 g AW FHohs AU 2 ASHLNG 5
g5 o] zkE sk AUE|e BE BEREH
(Relevant ministries, 2021). 2030 NDC &= H&
2 2% 45.9%, AFA 11.4%, & 32.8%, 5 37.8%,
TS5 27.1%, BF 30.4%°1tF 2050 ©4FE A
] Q A9 75 HlE-2 A% 100%, 4H4 80.4%, A=
88.1%, T& 97.1%, =554t 37.7%, ©F 91.1%°]
o, AuEle B AR 92.3%, A 80.4%, U=
88.1%, & 90.6%, 5554t 37.7%, BF 76.8%°]
ot & Ao A= 2030 NDC S7HE3E8E 2050 €4
T AU e AE A85to] Al A EE 24
7H AEA R} 7] Bl &S A S
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Table 5. Comparison of GHG reduction rates by 40% in 2030 NDC and carbon neutral in 2050 target year compared to

2018 level
Emission sector GHGs reduction rate compared to 2018
2050 carbon neutral scenario
Changwon city Korea 2030 NDC n 5
Residential
Electricity Conversion 45.9% 100.0% 92.3%
Public/service
Manufacturing industries and construction Industry 11.4% 80.4% 80.4%
Non-energy Residential/public/ Buildings 32.8% 88.1% 88.1%
industry commercial
Fuel . Transport Transport 37.8% 97.1% 90.6%
combustion P y
Non-energy Agriculture/forestry, . 0 0 0
industry fishing/fish farms Agriculture 27.1% 37.7% 37.7%
Fugitive Fugitive 30.4% 91.1% 76.8%

Table 6. GHGs reduction pathways and residual emissions in Changwon city for 2030 and 2050 target year

Unit: ton CO2eq, %

Emission Reduction
Sector
2018(Baseline year) 2030 NDC 2050 carbon neutral
Total 8,827,641 100% 3,469,955 100% 8,473,614 100%
Petroleum 188,412 2.1% 21,479 0.6% 151,483 1.8%
Industry
Gas 617,196 7.0% 70,360 2.0% 496,225 5.8%
Petroleum 305,420 3.5% 100,178 2.9% 269,075 3.2%
Buildings
Direct Gas 779.661 88% 255729 74% 686882 8.1%
source Petroleum 1,674,042 19.0% 632,788 18.2% 1,625,495 19.2%
(scope 1) Transport
Gas 253,226 2.9% 95,720 2.8% 245,883 2.9%
Petroleum 15,144 0.2% 4,104 0.1% 5,694 0.1%
Agriculture
Gas 0.47 0.0% 0.13 0.0% 0.18 0.0%
Fugitive Gas 18,685 0.2% 5,680 0.1% 17,022 0.2%
Direct  Industry Electricity 2,917,188 33.0% 1,338,989 38.6% 2,917,188 34.4%
source  Buildings Electricity 1,985,159 22.5% 911,188 26.3% 1,985,159 23.4%
(scope2)  pgriculture  Blectricity 73,508 0.8% 33,740 10% 73,508 0.9%
e Afrel|d A (AR EE ] 53.4%), THdElE T AfeldA FAFHES] 46.5%), HEAEClA=
ol A= AP A7 AR =] 58.6%)7 7t AGREE A7)0 (HEES] 58.6%)7 T8 5
7 & HlE& 2HA]sk Qlek 20509 Al 1‘—1741':’ 2OoFR 203097 FARRE A5 wielS B3t 20304
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