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ABSTRACT

This study aims to evaluate the effectiveness of nature-based solutions (NBS) as carbon sinks by estimating greenhouse
gas (GHG) emissions and absorption through Life Cycle Assessment (LCA). The study focused on a designated area
within the Han Gang River water source management region, calculating GHG emissions and absorption during the
implementation of NbS, and deriving the carbon payback period. The results indicate that a total of 5.71 tCO, of GHGs
were emitted during the NBS implementation process, and 150.58 tCO, were absorbed by 2050. The carbon payback
period was estimated to be approximately three years. This research highlights the importance of considering GHG
emissions during the NBS implementation process to enhance its effectiveness and suggests the need for further studies
for more accurate carbon balance assessments.
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A6x B TACAE Aol A QP TS B7PA WOlR, ATTHIAIL AFOLU HEO WEE o2
o, thoet 7leh BUE So] olojd Wae] ZRE|E  she o Bolst WA A% TXY Y gisA] 24
Seh3). Aelg ASIATHI2]. A4 ATHAE ThET B
SRR EAGE 5 AT 298 B S golel Al AL slon, /1 A0l el L
29 8B5S AL, AW Y 5 AD NI B L Aol Al 24 B LEAA L ASA} 24

T
A7IA B2 Blo] 7]_,_315} go) ZQ3t Hetog 014]  E ArejoltiTable 1). EX|o]8H3IE QI3 TARS7|E EbA
AL AH4]. =M E 5 ﬂ’f& 17}é rEe 4 U AR A7 WiET AVEAI>S E85)
=3} 51| Yol F8 A =20 ©@ASSTRS AASHEA, o] Tier 1 HHE0 & APYSIHCH7](Table 2).
7% & LER, AUE 59 et £ 2AA 5 24 diESF APHShe Scope 1(2F7A] W A
F A7 =7 = SIATHS,6). ﬂ%i 35T2017)[7]°] &) Scope 3(22GA 9| HHHiE) 2= 7SIt Scope
A= IPCCOJA AAE SHIERS YA AslstA A& 12 ZATAF A| 23] AL Sof uj2 2A471A v 5
3o} £AZLA WS 9§57 AMSIELOR, AFOLU BoF 2 APRIglth Scope 3& 48 58 253her] viEEE
e AAl, $A So& FHESH] AlFAR] AFE s %é‘ﬂé TS APl Table 3).
. Sjole] A9 420 o] ue LA F4 7S
2SI S0 B & WP AR GOl vl o sy area [12]
A FFS ATPIE SHATHSIL

_g

A & ShR 2T S o £0] ST Study area size (m' 5486
ERASERE ATt AHEE 40 I E Q8 dyEE 24 Number of trees planted 676
7IAE erAR A (carbon debt)2 A5t £0] BATAYSE Area for maintenance (mz) 7,149

2 &3 BAE Assl= ebAgHE 7] 7 carbon payback) AHY
o1 50| AgP=l ¥} QIEH10]. Mitchell et al[11]1 BL2Q1
0 PelE B9 SRAHEY] 04 JE5P] 9 v

Major construction process  Tree plants, detention pond

OL‘?-UH/\% AAbsle] A= 2A7IA Al £ BAS) Table 2. Greenhouse gas emission assessment
o} P AIE TASAR Agslo] HlwsHs e kgt methods [13,14]
Mr’]' Tler Description
Uzt AA7Ek AL B8 A7 A7
7 o1 785, AT H: *3& 5l o“ j 1] Tier Most basic level, relying on generalized
HILE APESIAL AR SAaeke7 |7t AP 52 St 247t 1 default emission factors
2~ goloRAo BS4S BAT ATE ArHoz £
ier . . .
t} olo], E AT AMAHEILE ) zpdv|utepy 24 = 5 Country-specific or region-specific data
HAE QA17b A HEIERS. ARt @A7FA BsEkS A}
PEE= P S A ‘?o]- 7 Tier Direct measurements and highly detailed
Aot BASETRS B, TEEQ AV o s 3 models or data.
Ao 584e BAAkIA ik
2. Oi7tHo| al Hpt Table 3. Scope of greenhouse gas estimation [15]
Range Description
2.1, AHE . .
Scope 1 Construction equipments,
AI7HA Q= AA7HE ZAJo] uhE 2A7IA dHAlEE (direct emissions) lawnmowers
3} 24 T A S Sof ofgh LAka Fh TREOR Seope 2
ol APFSlit). 2A7EA HREE A2 EX|olE HHSIEL (indirect emissions)
FGTAL FAREE] SARE 2 AR Aol Eetelel Scope 3 Operation of irrigation
. 2A7FA l’rﬁ ZATAP) d5E AFEE U=t (indirect emissions outside of vehicles, transportation
EASES BHE 1Al QlE 2050W7AE 7|&0 & Stk the organisation’s direct control) of plants
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2.2.1. 2ATIA HIE 2 438 AJdHH
Al 2] ehadr] BaS 98] drle

7HLCA, life cycle analysis)E E-8ofo] F&F A5t A
TP SN Hlol e, oIA] ALgo] TfE &
A7 AR AMY Solle 2e] S8l Qi 16-18]. &
4 mege 7] 24 dolepols Hel o) 2ol 3l
= SimaProE ARE5IATH19].

24 IolA W E = 27 BEE 2 7=
B AFARE 15T F 27K S EASIIT20]. =
A7IA A AA7IHESE 242 Slsl BEAIE vt Al
FE O EXolg H3l @ 2443AL @ A 9AZ 2
sto] APgSElt21]. SR Al 5ol ot 247RA
ST AN IE ST AT ST

—

2.2.2. S A=

EXo|g ¥} A Q] SASAT WSk ASAE 24
H A3} W BT} XgE GOz LEsto] APgstGiTt.
ASA7E 299 AFL WEAA7} o]Fof|K] ogtoma
eASAe Wl APYolA Alsiolt. wES AR X9
2 ‘AR E Mg EX(3B1b) Y] H-E 28513t 7]. A
8718 Bha 27 Z71EKACDOM)S 4] (1)T} Zo] A9
o, &= tCOy/yro|th7]. 7H&3t A 7|2A=E Jefs}
of Tier | HHEOZ A5t APgH TAC)FH THHA
25(44/12)2 Fsto] CO,2 Askst9iTt

AN

ACDOM=(C,—C,) xA,, /T, M

ol7)A, A CDOM: Hlo|QujA EbA 22 W3lK(C/lyr)

C,: A% o|F EXY] IAMNTIE T4 FA(tC/ha)

Gy A% o]d EA9] MAMTIE ©4 SAF(tC/ha)

A, AgE HE(ha)

T,,: EA olg A% 9ol AQ=k= 7IRH71E 3
207)(yr)

ZATARRE FARERAR 8 s 2WE
A 59 ARBC= QIRE S AR ANEE TR APdSt
SATH20,22](Table 4). 2EAF I SoA A == 24
THAE 7 wREAY SOIM ARE SR AREE TR
APt er, AAEAlls BleAR a0 AP E
o $E2SS & A0 84 Aed ouol 98t d
5 S 7IEes AR 7] AZIE A8siRler, &

4 gagETIt

jS

g @7

Table 4. Greenhouse gas emission factors by
material [7,24,25]

Material Diesel Gasoline Fertilizer
@© @L (kg)
Net calorific value 8,420 7230 i
(kcal)
CO, 2.59E-03  2.08E-03 5.45E-02
Emission factor
by green CH; 2.62E-06 2.25E-06 5.80E-01
house gas N,O 6.24E-06 5.36E-06 9.16E-04
(tGHG/hr)

Total 2.59E-03  2.08E-03 6.36E-02
Emission factor 2.59 2.09 5.76E-01

(kgCOy)

S AN A SEEEe 2AANES E83NAH23). F
A AL SR ol A AR ol27leh BE 9]
3 At 980 AFgEl: ShHldluTre Aot
T2 O3 LA BAE AME £5 o] 244
O] BE Jo and Parko] AT 27350] $5H F Bk o
4% HRAE Z851%cH6). 599 371l et 4zt
T4 WERgE AESH A7ANE AeSler BE 28
AAzo] AL QAR BAFS AT 4 Y A

ArjEo s HEsle] B AL A2ls Atk Table 5).

Table 5. Annual changes in greenhouse gas ab-

sorption [6] (kgCO2/yr)
. Tree age
Species
5 10 15 20 25
Zelkova serrata 0.5 2.6 7.2 148 259

Prunus yedoensis 0.4 1.9 4.7 9.0 148
Pinus koraiensis 0.2 1.2 3.8 89 170
Pinus densiflora 0.5 1.7 33 5.4 8.0
Ginkgo biloba 0.1 0.8 22 4.5 7.9
Prunus armeniaca 0.3 1.1 2.5 44 6.9
Abies holophylla 0.2 1.0 22 39 6.1
Chionanthus retusus 0.2 0.8 1.9 35 5.5

Acer palmatum 1.2 1.7 2.4 3.1 5.1
Cornus officinalis 0.1 0.6 1.6 2.9 4.7
Taxus cuspidata 0.0 0.1 02 0.5 1.0
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A 2] @2 Zeh10,11],

bal(mcc Z ( t(rmqe(i emzsslrm z‘)) (2)

0:]7]}\—1’ Cbalance /\/\X](tCOZ)
qz‘m’(zge(t) L E7]'/\ E]:(tCOQ)
Cemzwon (t) - '9_/“7]—/\ HPAH%(tCOz)

3. Zdt A uH

3.1. &3 Hlo[H -

3.1.1. EX0|8 st
AFgAIe] Dol Az 2AENeH UiAl=
L ARG F2 G £O2 ZHU. EA0) Mt AL
UThA] A2 Q1914 &xof 951 LA7TA dhaEko. A5}
2] Qiokt} AlgjalAjo] vty 2]9e TALS E3) x[oi7|dls|
Hos 2AH o] ofER g W2 AFHelM A<
ek,

3.1.2. ZgEA

AT IA W GF WAL AFAE 2A5E] Slof AA8A
FA FAPE ZSEQICE A5A] FHLE wEo] ARjEglon
7y 5o mkdo] A=t A/AE AA 3Hol=
7,000 m*7} AAE 0] HA AR tiFES AA|ekYct E
E o]AZAo|= 550 m7}, ARG ESE TAHol= 524 m7b
AR AIATA 24 T vkl 47 141 m’
7}, AAAE FHoE 23.15 m*7F A

Z29A AdgdolEoll= FAMl ARE Aol wEh AR

o A=} 2o, 4Rt AR E TRsl] £YY A=
2 AVgelsic. 2B SATE BLAE AAGNA

T2 667 LY AR7F FY=UCH, EE o]A]ofl= 126 L]
A7 FAEU. AFAFTA] 27300 84 LY A7 FUE]
AL, AYFESER} nkHoll= 40 LeF 26 L7t 217 Y]
ME} SR B AREsE 2/ 83 L7 U=

AZBAF A WES=E2 1,697 tkmO 2 APFE]QIT) AR
AFE BIEE 679 kg7t AFYE|QITHTable 6).

Q,

o

3.1.3. |ARE oA

FABGANAE oZ7] AGOE ATt TR AAdet
BB AT AR 28 A WPl g A
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Table 6. Input data for construction work

Work type Material Quantity
Tillage/weed control Diesel (L) 667.8
Mounding Diesel (L) 26.01
Detention pond Diesel (L) 84.88
Topsoil transfer Diesel (L) 126.59
Diesel (L) 40.82
Channels
Gasoline (L) 83.84
Transportation (tkm) 1,697.43
Planting
Fertilizer (kg) 679

At A= 2AFA 29 57 6315 AA[SHE Z o= 4
Boal, Hre 5&*‘?—*} 717k 3Eolsto] 3zt o 3514
AABR= Aog AAEIL) dlz7]o= 3]4kS- 263.54 L7}
ARE Aog Uehton T Alol= 2,014. 92 tkmo] A+
A=tk Table 7).

3.2, 2ATIA IR AP

O
3.2.1. ZE3A HAESAD

ATNIA = YA 5 ESA DARIA 3,103.79 kgCO,
O] AT AR = A0 R ARSI BAEAA 5
JollA 2,039.56 kgCO,2] 2A7IA7} WA= o] 7Hg & F&
= ZHAsilen, 1 thEos HEO|A FAoA 386.64
kgCO,0l AFFEQh. A fEa FAoAE 33891
kgCO,7t A Zlo& yehdy, AATA 247} vk
AN ZH2F 259.23 kgCOLT} 79.45 kgCO,9] AEA
o] AP = Itk(Table 8).

3.2.2. ZESA HAKIMSAD

DA T ARSI 1,119 kgCO,9| 2A7FATAY
o] AFFE|QItt. 7MY & HISE AAShe 5252 Scope 3
oA 1,018.96 kgCO,2] 2A7tA7} BPRE]= Aog Aot
A3, H|ZAREL 100.06 kgCO,2] A7kA7} Scope 19]4]
Ul 7107 APYE|QItKTable 9).

Table 7. Input data for maintenance work

Type Material Quantity
Mowing Gasoline (L) 263.54
Irrigation Transportation (tkm) 2,014.92
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Table 8. Greenhouse gas emissions during earthworks

(kgCO2)
Diesel Gasoline GHG
Type .
Scope 1 Scope 3 Scope 1 Scope 3 ©mission
Tillageiweed ) 23 27 309,29 - - 2,039.56
control
Mounding 6740  12.05 - - 79.45
Detention 1595 3931 ; - 25923
pond
Topsoil 3 001 58.63 ; - 38664
transfer
Channels 10576 1890 17538 38.87 33891
Sum 245136 43818 17538 3887 3,103.79

Table 9. Greenhouse gas emissions during planting

work (kgCO2)
GHG
Type Scope 1 Scope 3 emission
Transportation 1,018.96 1,018.96
Fertilizer 100.06 100.06
Sum 100.06 1,018.96 1,119.02
3.2.3. FARMEISAL HA|
d27] ARO= QI8 WPElE LA AL Scope 19] 7

9 258.52 kgCO,, Scope 32 57.1 kgCO,7}+ 2}z AFF =9k,

g A3 250 = Scope 3914 1,174.63 kgCO,7} Ay
H= 2o® yEiglth AR 94 & A7 RS
1,489.25 kgCO,Z AFYEITHTable 10).

33, QMIIA B4} EABIET|ZH
331, SATIA BA AN

AR WEE VR0 R ©ASYH SRAIKQ 20509714

Table 10. Greenhouse gas emissions during main—

4 gagETIt

tenance work (kgCO2)
Mowing Irrigation Sum
Scope 1 Scope 3 Scope 3 Scope 1 Scope 3 Total sum

25852 57.10 1,173.63 258.52  1,230.73 1,489.25
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g @7

SIS, 44 %2 473 RS0% Fes) Yov)
B ATl 5B0] to] wet L47kA Fheo] 57t
Hi 0% Agetgite). A A | EXE SEL 7
Zo| BEus}o] L7k F4uF AFol] ZabA7IA] ellek

APrpgAIS] I B AVIET 20501 15058

(COE A5t A0 Uitk 250 o8] 108.76 1C0:9]
LIRS Fhal, TGS S7M SJSAIE 4182 1O,

A= E2go] T7k=Rs 20% APEIQItTable 11).
3.3.2. EABIRIZE AR

AR 299 5 TAE 2AVIAE BE g
(payback) SHe TSRS AR A Y A &
Fgo] &F 6 tCO° ol W BAHIL IRk 3do® e
‘;hl](Table 12). AT Z
o] SAMAE Fotet Y 50 *é%@ql UH 10d
A7 27 1COr= 74 F5oks A0E A= It Fig. 1).

Table 11. Estimation of greenhouse gas absorption
(tCOy)
Greenhouse gas absorption Decomposed Sum
by trees organic matter
108.76 41.82 150.58

Table 12, Carbon payback period

Greenhouse gas Greenhouse gas Carbon payback

emissions absorption period
5.71 tCO, 150.58 tCO, 3 yr
@ Cumulative Carbon Sequestration @  Carbon Emissions B Tree Carbon Sequestration
150
107
100
50 "

2020 2025 2030 2035 2040 2045 2050

Fig. 1. Carbon balance and carbon sink analysis.
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A/ RIS ShaBY 2L St SR 47 5 st
2 orEglon], St g AelsIureiael 482 Sl
chipio® welsh gtk A4 Gl Aelsued 482

Aahrte 7R FrE AP ofd=), 249 3 A

S 2R AEsfor SR, ook wISt A7 ==
0L g & QI oo & e AdrTuteY AAlEA =
= B83to] A H7IE B3 gastEr I AV, ae
Z2/YLE AAILA = A

TS B EEshe 71

HE AR LAk
o

ke oF 3oz AEI 284 dAeMe B4R
A1 9F 3.1 tCO7F A= AL AREARIAE oF 1.12 tCO,0],

FATEFAF DAL= oF 1.49 tCO7F BEo] & 5.71
tCO,7} A8 Z 08 Ueyith 35HE AHEH ESAL
A9 2AI7kA HAY vlFo] 7Y 2 A 0R EAEglon, A
SEEAA B7o] 2.04 1CO,9| 2AVIAE WYAA HE
55 5 7P 2 S ARske Aos yERETh 247k
B2 2050W7HA] HETlo] & 150.58 tCO,2] 2AVIAS
55 4= Q= AoE UEth A7 SRR AAE
w=o] ARt wet HFehe AR EAESITh

AA7|HreH2 2A7EA S 2 5 ©asHS gt
el a3k WA 5 e Aoy 24T fA1T
oA Il 2A7EARRS A DAlIA IEsHA]
ol 2AVIA FHdo =M AATIRkeY 2/day) gt A
#8730 o8o] A71E 4= itk HIYEr= AA7Ee =
d IS grbote] 2AVEA WS AT & gloug
T AA7IEe e ©ASHEY |7 5 SEARI ©ASRA] A
ol gt Aol 28 Fart Sltk

2 AFolx= A7) 247 WA 9 ek Ab
A A 2 AESE, dE 2 E5 T IR BA
2 A= A FEEA Sl 3% FIEYS] fUeAa
52 el 5 7|13ARE g tE bkt Apd7|EteE 2
A2 AP Rkl st F Eagt Ao wekd)
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