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ABSTRACT

Technology has gained importance as the key means of tackling climate change. There is a plethora of technology
terminologies that are being used in the policy-making and negotiation process at both domestic and international levels in
the issue area of climate change. A few examples include environmentally sound technology, green technology, climate
technology, clean technology, low carbon technology, low/zero/negative emission technology, and appropriate technology.
These terminologies coexist and overlap both conceptually and practically, but also differ in some ways. Accordingly, this
paper attempts to investigate how these terminologies are similar and different through exploring their backgrounds,
definitions, characteristics, and practical uses and analyzing the relationships amongst them. This paper sets an analytical
framework with three conceptual pillars of sustainable development: environmental soundness, economic soundness, and social
soundness. First, an analysis of whether each of the afore-mentioned seven terminologies conceptually holds the characteristics
of environmental, economic, and social soundness is undertaken. The analytical results demonstrate the conceptual relationships
among the terminologies. Secondly, this paper compares the afore-mentioned terminologies’ technology classification systems
in Korea, and shows the core technology group of each terminology and the practical relationships among the terminologies.

It concludes with policy and scholarly implications and future research ideas.

Key words: Climate Change, Technology Terminology, Environmentally Sound Technology, Technology Classification,
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19l HHES st Ho] Faop At o

ZE=THKP, 1997, A10(c)). ©]3, 2000 Eof 7|3}
et AEZE F A (IPCC, Intergovernmental Panel on
Climate Change)7} 75t 7]&0] 4o Higt HHEH-7]
&4 olgp’o] FAV|FHSFEF T2 FAZ 24
517] YA 71 AT} A&t FH 3l 7]|& o)A U
o|gjo] B asirtar AFEo] UTHIPCC, 2000, p.3). 1
L, 20209 o]F A7 FAA|S] Z7ko] Hi= 20159 AE
9 Hegge AR S| ZleAE @ oldo] gt B
4 WES Aol Ak RS WAL AkPA,
2015, A10.2).
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and socially sound technology),

technology), 7]%7]<&(climate technology),
(mitigation technology), %}-3-7]<%(adaptation technology),
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technology), #/¥&7|&(low emission technology), A=

technology), carbon

Hj&7]<&(zero emission technology), YA EEHH|&7|&
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removal), & %] 7] <z (appropriate
technology) 50| It} Ed 71 5Matel MFA Bl
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Al X 7]<s(emerging technology),
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A AW 2 FA} AT} =0] Ao A 2= E5hT 9T}

technology),

(cross-cutting  technology),
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Fofuet sielAE AR el Ade wae 71

X - A

Seuetolq 7|5Hst qgol sl = 71%Hst o
;g

8 71¢ 392 Yty 89 PFS +9 Be
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akis %Eﬂi a7 7%, 71FHstE Qs faut
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st}

sAFoz AAS 7|&oln, A g(enwronment friendly technology)®} 2777 7|%(environmentally
‘F =]

e Rl 833 e= 719sI= StH. I ol%

0} £ 37 XA (environmental integrity)0 2 M I ARSI QL

it wol 2o, iv) B4 % AME, v) 485k vi) 49EH
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2 A wA7)&ol x3teta 9l
]*Pg}E‘r/\ X]quxl-_q obd o oJ&io] B

(Grover, 2013).
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A7 ol AEE Aot 719 71ed JEH-ST
< HY1 AR 7ed JAIHE 9 S8t

¢

ol 2o} A9 7ke] BAS AEA AFIRIHE AL
oJulgthibid). WebA, 7120] e Ex AR
%

2 Qo 74 P S 5ok Al
Hsb7| %, Aar|e, 3714 501 AR Bl o
Mg HY-4ee Mg

Fozn St At 4
el BAE A9 + WA Hek

I8, 2L 714 JA3H oS Agsts 20
48 9o oprt 1 olgk sl&ol A shtshizt
of PG A et EElEo] A= EA47F oty 7] o
ot} 7148 AEHOE YA o] gov], A
AZAES 7HA I Qltk(Huber 2008, p.361). ojHI
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Fig. 1. Relation amongst finance terminologies in response to climate change
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o, A= Eitd Ferle A S5 St 7127t

e, QA AR Hobrt Bel& R sl wgsH A
29 Hobd] Bprl& M49) Ang FHT 5 7] o
To]tk(Song and Sul, 1999).) wetAl, LHA9l Be7|4
5571 ohlet B4 Yole] WeP|eRRE 2 54 A
o4 Bae gAal] 9o Wast B4 Heple BEe
olefst Hhgste Amsl] S15h Wasit,

a9, oleiat (@ehlaERE ofn 5% ‘(@ehy]
20 Tig golol Zjuete] YRR, FEF, AERL of
Solth. § RS 5% 71280l te et £5
At AAES Bel Ao] ohet, of thepdt 7]&gol’
£ AAE HEs B do] Bao] gleh. Teht, @A)
71 53sto] e SIet 714 8o 5L Hwt AT
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mitigation’o|t}h. X PP S =
ot AE P4 diBEY =904 ‘mitigation’ > I diAtol| wal Leuel Edo
climate change’= ‘7]|&H35}o] Y452, ‘mitigation of GHG emission’2 ‘&A7}A H

(Source: Fig. 3. in p.11 of UNEP (2016) is extracted.)

2= 7|& 2oF #7to] oy}t A (finance)’ EoFoll A=
TSI QU 7] S, A&7 AY, 7154
o, AgaAd 59 &olgel EAEA deH, o= A

ool et oJArE Aol 3l - B9 2AIE T4
AR ok, Al Zobol A A&7sEAel it id

Edi=, A&7Fsddo] 7 ZEAQl JigelH, v

LAY, 71Tz AES 47| Q. o]
HEoEZ Ngstetal FESL BAAES 8T A+
7F QITHUNEP, 2016). UNEPZ 7] 913} tf-3 Aj¢1-8-0f
of gt #AELS Fig. 13} Zo] 123 ot A&7
A2 19879 G4llo] WHSH EEETHE H 1A (Report of
World Commission on Environment and Development:
Our Common Future)of| “ml2] A|th7} AAES] BQE
S5 ke A e WAloR WA At Ba

£ SE3A7IE BA R AAsks EAd o2kl A ojE o
QITHUN, 1987, para 27). UNEP(2016)°| A= A&7
AL FA 49 52 &4, AR, A, T3 AMds
2 FESHL BHE i) 715Us 98 i) 71 st 4
&, iii) ofet &7 847 AlEsleiet. oldf, 7|FHs}

A, e AEAT 191 GERer|48se ol 49

B P U8 Fe TEgY s (20208 &7h A4 Ao
| ¥AEE o2 Fo=9EH, ‘mitigation of
N9 k208 FH= Aoz 3oLt =



SHT A4S AR Chet AT 311

Environmental
Protection

Conflict of
resources 4

Economic

Sustainable
Development

Conflict of
development

Social justice

Growth

Conflict of

& equity

ownership

Fig. 2. Three conceptual pillars of sustainable development
(Source: Rearranged by the author on the basis of the Fig. 1. of Campbell (1996))
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‘ﬂi} F stofl A =ojH & FAF
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St 71&8012A i) @73%9}715 i) =71, i) A
Ba71E, iv) 71871E, v) 2A7MA iE SEd e
714, vi) A7, 28T vii) AA 7|0 tsA a7
H-AA A A8 AR5 SHolA 7] ojWdt ZAA
S Hsla Y= A AWHET, o] 7|&E9 BANE £
o waxh gt

3. 24

3.1 &AZ1517|=(Environmentally sound technology)

R &S A E7FsTAof it 7id ) AA = o
A&7V A8 FR e Seo SAAT A
E7FEAL “uld Azt 159 985 SFAE

Asketa] o AolA WA AHe WA FE
Aro g AoJHt). o= | A7t o] &S €7 A
= A A 59 QoA E-8sto] AA HHE R
sfloF 3 oju|gtc}(Imperatives, 1987, A27). A Ath9]
N AL i) A 7Ie e, i) & Aol gt
A5]9] R ZA|SK(social organization on environmental
resources), _L2] 1L iii) A& H(biosphere)?] 55| 9
o A Weba, 97 S Fol HAoz A
2 TF5elAE she BAAsI%o) ool 2, A7}
sIHS fol A e bt F4ko] Basitt
(Ibid., A27, A65-69).

o|#gt vj Aol 5T AL 7wt Tt
9] BAof QlojA], ¥4 ] (environmental management)Z}
L 254 fE )& R Brhluma, 1994). o] BHA
= & O AR duEY, &% |e2 218 Al
B9 A Y AVlE B BAAL 2SR FAO] 2
97 4190 WAL $ET 4 9k olele 2HL
A FE7 &) et H o= v oottt X<
o ol FAHOE QWL EAL HOlL 19924 &

o nE mo
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jnisl

9) end-of-pipe technology or measures
10) 34 A H71E AARE Ee QA W W7E 28
AT 0 HE HiE A oE =Y

EMIEL - ENM

AgHF 7] O (Earth Summit)of A % o]Z=l oAl
ot 219 MgEo] ot T EE A 7]<o] H]
3 &2 Heshal, S E AP|AL, Be AEE Hot
A& 7F55F HRAl o 2 3ka5y, WA H7| 8-S Hrk Wol
NG, o] w7l Eot 89T 4 Us WA=
AE]7shz 7]&olth(Ibid., para 34.1). TERA, 243187
&2 &4 2 SHoA AWO?IHHLE H7ES z°l74
U A s 3-AE 7S Qulsid, B3 HYES
Aot ARF-AE]7]ES ZARITH(Ibid., para 34.2). 9}7&‘
o7& @Y 71evS EFste Aol otfyH koly,
Azn Ast d &9, Aol 52 okrEE AlaEE ulet
CHIbid., para 34.3). ThA] 3l G318 | a2 AREAIE]7]
&9 F8¢E0 F9 7|& ¥l AlE $ADS okEY
(UNIDO 2002, Annex III).
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7] 93t RE A 753 22 ok s A E

o] QITHUNFCCC, 1992, A4.5). 2000¥ =% IPCC 7]
ZolAo] Qlold WHE W 7144 ol BERIAL
7158te] g3 919 F1EolAe] £ % B3] of

a
e SR eE HAFem, “7]—qu9}€ fsta
7|FHso] AG35H] fR Ve EAIs]Eelofok
St A &7FsE S Adsfjor ?l‘:}”i A REH(IPCC,
2000). °]& B3l XS &F A 5 71FHs}
zwo] Eshe slenct AdHoR o ¥BYE Zer
T2 % ot BANs|ET BAT FAY et A
&531 9ot A&UMsEPHEHE(SDGs,  Sustainable
Development Goals)y= $F2AS7|&S A&7
olfsetyl Exa Z3HTH (UN, 2015, A4l, Goal 9.4,
17.7).12) A&7 AER] =Y o|F, SF3s|e<

NN A AL, FA=-AY-54E FH5H] ALEEE SHAZL H7E

1) AF AHE B 7] A SA8sks &4 9ol A=s SF 44e ¥4
12) 2030 oo A= A&7 RRY olfdF stz EH3sr|e] ojdo] AFHIUTHUN, 2015, A4l). EZ, A&7 EdE

B 94CRE I A4 ] 2 AR

< A&7 dado|l=3it)e B 17.7(HEFS gACRE 3 £2 =
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A5 71&R %5754 H7H(Sustainability Assessment of
Technology)7} AStE7]%= SUTHUNEP, 2019, p.87-112
)13 o] Fojof e gFXsedls Mg 34 2
A AE Az 7, W2 EFY 29 Ad %
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o] P g =719 7Iedd = & v
of mzt Alo]Auttt 7= ofoF fhtk(Verhoosel, 1997). &
Al, P37 sl 71Nkt A& 45 Wdel ° &2
g, Wi7go] &2 AlE2 7L B2 2 AlEET Al
& Aol o g2 oflvA7F £RE. o= W oy
A AR F 7S s =Y S431see] &3
3Hg ofitol disy e A7IsHA ek ERE, WS
7 AEE 54719 S 45k W, Ui+go]
= "olAg e Al 71eS A A FETol HiElst
A vk o) ok A 282 5 s Aol Ak &, W
g0 w2 SR &2 Bt FAH0 g SHZI5H]
o] 2 7l&°] SRS W ol 7le= WAo] &olsHA
SHA| Zetthe @o] EAITHIbId). AlA|, SFAow
LGSO o2 54 7ol ALz |18 &3] HsiE 7t
B2 B ol 71&2 SRS oA Fohal & 4 U=7t
of tigt diol T 4 Urh. &, FAZGT|&ol2h=
|0l 7le A8 HE 847t AL Yethe
2Z fuRtH(Ibid., p.471). YA, 7]&2] SF3IeHd2 A

il

2 FARE7|ES PAFHUN, 2015, Goal 9.4 & 17.7).

SHT A4S AR Chet AT 313

slel7] Wizl 719 W] wet AAo] e X1k &0l
AlZto] AR o]Fof A Q@ A7|<&(dirty technology)®
H7ME 4 th(Less and McMillan, 2005 p.7).
AFT &) A&7FEA Nd 2= S
Al o] A= F8 IAAIE FAE tF= AT
9 JAAE F2 FANAE R |eo] ¥ 574
st Qitk. £3], 7383} FopolA, &% |& o=
Aget gulg Zreth |71 SHEstE el Al45x0A =
AZ=0] o] et 7ls/id E oo et A ¥
ZFsta e, of7lol eEXIEee] &EHH
(UNFCCC, 1992, A4.5). T3 Al 20]4 AFH 8RR} Zol,
WEOPA stof|, AX=9] XS |eo] A+ Y 4
AN RIS A o|F ORe} HE FAEE2 8
3}71&9] A8 gikS 9t 2 HE S3E
At dY oF7F BAIEHJTHKP, 1997, A2.1(a)(iv),
A10(c)). 71812, 2015 e s FAoll= =R &
Aoy SEEY A4 Al SR e FA7ISHEH
oF Al4.550] 7I5ts] A7=9] =0l Hiet 7]sA 9
FE Fote JHoNA o] 5 SAR HIHo]
S7dskelty. 121, 20184 129 =59 T @7 o+t
20l g ZY AN oA AR F3F % (socially
and environmentally sound technologies)’o|gt ¥&O & &
A5l ITHUNFCCC, 2018, Annex paras 12(e) and 13).
ol=, FAAR] oA SRS & 8ol ARG Al Al 7HA]
ou7F WxEo] Q3 dEH AR = o] o7t AX
oA M=o 2 7]eA|Hof| tiet ‘s = o >
2 fE=o] ARgRtthE HolH, Bl Axl=o] A==
o AlFsfiof st 7lsol ‘2 XS E 7HAoF ttth=
77 WA =o] Atk ZolH, Al A== 3 X3H
olgt= 7HXE SAHLE &Pt T A Bt

ohe} e EFETE Hold.

13) 71&A&7H 5887 7|22 UHE wel 7 7]&0] Ax=to] =UE A didEE B34, AEE, FAF TS A&7t
SRRl 177 ERS 1697] NRERE 7|¥toz EASTHUNEP, 2019, pp.87-113).

14) 28, o|2Igt Arigdwte] ofyzt A 7|&o] B 7HA AU=HIL Uk ole G & AlFe] et BA 2 RS WA
U AASE ShAs& A 2R3 gt SAY9 dFo g ZAE IH FAHAG) 7&-AEL AL Yol
TSI, AAFI7]F(WTO)= 2002 39 HFAEY Ao digt =28 AR, 2+ 42 FFLEESE J2EE AU

(MOTIE, 2017; WTO, 2005). 20079 4¢¥ v|=, f3AY JP9, <&, o5l A904, k290, syt REAET F52=2 AES
1537] A& 2 AE(Potential Convergence Set)”} WHEZO|tHMOTIE, 2017). ©]&, 2014FXE WTO Z73AEE A (Environmental
Goods Agreement) F4fo] 7|A|Eo] EAHC R A& AFE HYPE FAot Jo ofF oo o]22] Frh(Ibid). APEC2
201290 54719 AEFoE LA AFAE ZAE(APEC List of Environmental Goods)ol] g2l5to] 20158 W7kA] tfjAt A& st
BAE 5% olotR R AL ERF(Kuriyama, 2012). SF HAEE (i) AR AL (i) 3 ZUEY 24 2 B7E (i)
g @ wrE B, 19T (v) 78R 34 71e =S BEgckKuriyama, 2012; APEC, 2012). OECD 3H4 4|2 AE(OECD
list of environmental goods):= (i) 2 =, (i) FF71&d FPAE, (i) AY TR EFE o] APEC HAEHT FHsich
(Steenblik, 2005).
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ol &ll, &FZs&of sl A&7FsTHL] Al 7t
2o zAog AHEY & 7480 344 314
oA F2 et /ES Awsta lon, FAA A
g A AR AR /ol HisfiAle AFAlS] BHRaL A 2
. E3], 201695E 2018W71A] Te]@A o|PF2S
ootz P eolA FAXs|EolRte XES S8
o, 71&9 JEAIZE AFS]A ZSHA(socially sound)i} 73
2 213}4(economically sound E+= economically viable)
ozl mEE0] WEE AgE vl BAUIES B
A 9 A5E AsHae 1AL AT 2 4 g S
4 B0 1 A A8l 9 1 e Al7lo] we
ARZERE Ho Ee EREE Ao AdHor ¥
o 5 otk B e BB vz ASlY AWA
of eid oikel BAE Zehn B SR ek

FE
L|.4

0

lo o & e X

2 ek g

l‘

3.2 =M 7|&(Green Technology)

A 71E0lge ol A/ (green growth) Ei= =
A3 A (green economy)eh= 7@ AA O], =MFAE
27571 St Fo g SAF 53], Syt ol
g 7igol 272 AL A" =P 71ERS aYs
al, 0]01 l_-—T/g‘JHZC}H%gJE /R—]%O]__]‘l rl.-_/n_}]ﬁx} —_.‘4—7]-;(1
2h, "% sAd AL, TTIEEeds Z1EAE,,
roq2] 712418, 52 SFHUHAHGGC, 2009; IMC, 2019;
IMC, 2016; MOTIE, 2014).16 Hetx &A%} 7] EHo
PAE AL “oR| 9} AUS Xw”h aEgAHo
= ARgsto] 7|9 Hstel S YlES £olal FA o A|et
E5A7]1%9] AdE Sote] AEE AFedS gHot
o 2L AEE = U 5 A &780] 23}
£ olF= Ao g FoErKKLIC, 2020, Chapter 1
A22). &, =R 0] AL AAGAT} FHHHHo] A
Sl BAE ol gt AL Aedt 25 B9l AlVA &
s Feots 9- BAZE 7Fssirtal 2o of2jt Y-
A A= BAVEES Ftohs AolA 5A7|e0 =4
AMAE B0l Arol-8 &4 2 A 436kl o]F HHA
BABRY EoR Eiole AR E o|Foititt
£ =Folth. WA, ofux|et AL B&A AN, FF
vz & Fi7eE Fa5HA L Stk &, St

15) L2utel 3, &571<

Qo 7147 HE T JrHKLIC, 2021).

16) 20081 5= A1 oA JEAYL Auta 2444 FEHo] opd ofux] J|ENE IAR
A3 oA 7 EAG L Avka A 7l EEe SAR Wt

Journal of Climate Change Research 2021, Vol. 12, No. 4

2 AN AWML 7180 BAY AP5ES P AYH A o
2018 A AASE 7124 BHOFS ARG oY EE g2 0F 2 AeE 3L BUste 5 84

EMIEL - ENM

E AEs Sge AHEeT SANGES Folk
g PAL Sgujste oled 4o ol
olckx X3 9Jth(Yoon, 2009).

=M7]&0 9
A 7)&o gt ol uf$ choFsttt. Foj] Hojz
Aol BA7|4L “AA BAS A YshEA G AEAHS

AHshs Fol9] Ve EMETRA, ovA B4 Ve
I 273 B9 71E0] AUrk(Lee, 2008, pp.14-15). & ©f -
AAR oS HH, Agd =247 7129 A2z
29, SA7E2 A7 FF71s, oldAl & ae
3t 71&, B3B8, XWOHLW 71&, AHhee 3 XJ
7 71&@H §W14S TAh 5 A A4 &

o) 4 313o] A ol Ae} AAE Horskn oz
ALgst] eA7ks 9 0 BB W& Haskehs 7]
&2 YAEo] QITHKLIC, 2020, Chapter 1, A2.3). o]&
gt AQolof| 7|¥tetd, =A7]&2 i) A OﬂLW 71, ii)
DL} 7%, T8 i) BAAIN| LS BE ojo=
(KISTEP, 2008; Lee, 2008). o|&& ZtZ} FtA|do = 4
HEH, HA A A 7eS “ArdEEel FdEe
71E9] AL}t AHeS diAlste] AbidS PAE 4
g 71&7olth. o AT} 7&L “4eldt 4
FHA L 58 P B TUT HAFL
BT ofulAsh Aelo] 2uE gaAPORA T
A BEHOR IS TIE FUL, HA
X &L <A ed B0 BHAR viEEH=
= AIsHH, olu] HiEH AL FHstal AA sk 7]
&7o|th(Jang, 2008, p.12). 2009 7| E, X AHA|
5, SR, 187 |eR 5 117) A7 AET 54
71E AN SEAH S ST S “BAGR
I GRS AHH ¥ vAE FFor A
of & FoE FATIMC, 2009, p.2). |27t Htof A
Al odA 7ls, 1aest 7, SEE ol
HiEE SFdEdT AHA Y HalE FA- A, 4
A 59 o AFE S vl SIS S0t
T I e JFS ARA o g Hrlshs 57
%’jq— 1%_/;\_9}01] 7\1147(4 oz 7]01—]._‘: ‘x]x17]u} /1]-04

A7

7188 =A7Ez T3 AZTHIMC, 2009, pd). 5 &
Me SA71&S ALt A4 st 71°ﬁ°% &
& S g

5749 BAY FeElof
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T3
0
2
=
11

¥ o g oldfste] HMY|& A&7sAY YAt B
& Ao FEFPCHIMC, 2009, p2). whio], 9] H&7
o] ZA7|& AN 3t BRe 54 fE|&od, =
39, BFASHeR FAH BAH S
4 S99 dg2 olETH(Ibid.).
SA71a2 44 Aedel HSske &7
AeP|&E EAstal, P& F9F otz A of
Fal 5 Yot A 571

i
o
oM,
>,
1P
N

P
ox,
fifo
oft
>,
)
4y
-
ol

ok Seiuete] A9, 47149 ©7]5747] AR,
A% A, AT, B8R0 et BRetn 2
of A 714 EAHTES SYstel BANT B
o F9& 22T Urkibid). T, St Azt 3
Wagol Wi G AP|E 584 SHold e A
W Z1&o] Easlo] ek Mol H(bid), AH12] A}
4e mesk X grhn ¥ 5 ek

3.3 MEtA 7|&(Low carbon technology)

x

)

Gt 7]e2 20009 RS Aea A oldat
S7gsto], Agta AT Aeka FA-ALe] 2] Ag
3% 7|&= olsid 4= Q. IPCC E-HE Ao A
7l&oldk ®o] SASH=T, & HilAd] o
A (low carbon development)2 AF3] 74 A5k
G5k SAl 2ATMAE WSS
o=} (Pigato et al., 2020). ©] A2]o]
P e A7t 8 7|9t =0l K4S
o] ohdl 7158} @sho] 2o waolA Srk ol
o 183, o] et =9] HoflA A= Aeka BA|-A
329 M HESHY Aeh 7|eg AF3o= A&
. 53], Y= &2 Agkd oyA] 7|&o FE5t
o YA =2 -FFollA L= &4 WiEdS A5t

1A FTHDTI, 2003; NIES, 2008). oUA &L A} 7]

2 o
X

1=
uu}
R4

|

X H
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2
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<, olvAl =2 # 7, ovA AR 7, VRS
HIRS Aga wE7)e, AA7E A AP A] 7]
<, & 7le 50l BESHA =2 = ATHNIES, 2008). ]
g V&S S BAAE degs F2IY] WEl
Agta 7leo] A B AHEH AT 7eid v83

2 3 |, " oldAl, AS/AA/
A2 g/ 2R o] E8EE YA 2 Vs
& Z3Sko}(Pigato et al. 2020). B&9, 7|& AHY 7|&
oA HiEEE oAl AE EFsto] Aot HAZ
Z]-AZH(CCS, carbon capture-storage) 7|&0] MErA7|&
of E3FEo] =9F1 QIth(Pigato et al., 2020, p.63;
Barron and McJeon, 2015). oo, A&tA 3L AEl 7|&
(low carbon fossil conversion technologies)0]2f= 30|
27]% g (Ghoniem, 2011).18) E3t, AxE 7]& FA]
Aekd 7)o 29tE 0] =% }lh(Ibid.).

Aeta 7] 11 -&ofo yxzH Hiel Zo] ga
<%:(carbon-intensive technology)o] W3] L AEHES E Hj
F3e 1ERA, SAUOPIET WLs) the ol okF 7}
A 4€ A4t ol i) AME P, i) AAAAE U
E, i) S2 0 28 2o 9 7]&9] v/ ol @A,
iv) 2 27| H&, v) 7€ 7143 71s2e] ARt A4,
vi) AFARRAO] Hiet &4, vii) HAEEANYE A2,
viii) A4 A, ix) 7|&ZARE 9l 5578 &of gt
O] AJo]t}(Pigato et al., 2020, p.8).

o|F TSI, Agtd 7|a2 7|&7&eHT A ©®a
£ HiEsto] 71eskE Astetaat ofs HAAE 7Rl
71EE2A, A ARG SHA 23E T St 59,
Aer7le oliblegta viE 75 avel 341 Uy
SH ATEo] Qlth IPCCE WHE H 1 A(The 2006
IPCC Guidelines for National Greenhouse Gas Inventories)
£ B9l £a viE8 ?(emission factor)¥} A|G-2HFSA]
(GWP, global warming potential)S A|A|5}o] AEt4 7]&
o] &aHlE 5 Byt 9 7|58 A48} 7o) A4S
Bol5tA 2th(Garg et al,, 2006). o]2|gF HiE 2l 9 A

Qop]

17) 9 WAL JFWSE A B4, Y, A4E 4502 As) Aol B A9 WAS ol AW WA HH Aust wy

S & Qicth webA], 713Hst Aed) TS ko] Hagh, ol F7HH vl8E LA
B AFS F 5% Uck(Schaeffer et al, 2012). wehA UaE A 7|&o] o]Alslets ¥

N

132, ol EAE Ed Aol BAA

Zo] ¥2 7lgolle s, 7IFHsR

==

Qe A BAIZ A3 WAE0] ¥ & Utk Mol BAA skl ETHNE 5] ofYch 3 ALSlA S84 94 e & 9l
o HuRtht, 94 AL G5 A 9718 Helrh oAl Beo] g, Azt FBAol WrkAhcame, 2000).
18) ol J1&ols shtolulA, T EA, A4F EA, Ak A EZ, d2d XY, W78 A4 WA A A4 /e Sol X

HoH(Ghoniem, 2011).
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FZEA| TS EUE, IPCC H7F Bk = Aa 7|&
o] 7|ZH3}o| A= JFFE TIHLE HIISHRT
IPCC A42} 7} HIA = A4 7|9 7 9 gH4lo]
g4 A5 AAEE BT 344 a9 9FHe] ==
ot 19, IPCC A|5A; BaA oAM= Agka: 7o) &
o] o |qA] An]-AF4k-7HA0] FFS BRI oA
7H4 ste), ol Q318 v 88 F7HAA HiH
= 459 29E EFAY 52 ganE S e
Eole FAZARl SHE BH7ISHIAHJIPCC, 2014c, p.98,
249-250, 567, 707-708). 1&]1, AEtA 7]&S Qb oIF
E Hie Zo], Agta 7|ES B BALY IA mrdl
U= SHolA AAA oM zteth 18U, Aga
71& Al A 7)eS EFSEAL Qe B ol ANEA

A= A7 Eoal & 4 ok
3.4 7|2 7|&(Climate Technology)

71%71&2 715k oF stoll A iESF Ao 7]t
FAA] Het A HAE =2sh=
oA SASH | &ofoltt. AR, 1992 AEE [l
715k A4 5200 7]97]&0] ofyzt eg%Ist
71&(EST)°] TgAIE O] St WEJHA A BFX5H]
=0l2hs gol7t S8t 1EY, 20159 AEE oY
o= S0l 30| S F=t 1 o]
f= T FAo gt 29 FAcl= TFgllA] ofLelrt
£ SHeE T /iemEo] FAVIFHEAt A452E A
ot AZ=9] M=ol tigt 7eA Y 75 Fxst
<, o] Al45x0] 2od PRSP |eolHe AL A
SFo=H FoF A4 5200 AAES YA ST 1
2, vlag SAC0E 3 AXEES HedAe S
sstolr} We] AEee ZEshEA BAHsIEol
£ Qo] 77} uiAE mdo] opet |5 1ok &
Yd B 2xw TSk 1 Ak v @l
“Astel A5 P9 o]BLS Yt 7|&(technology for the
implementation of mitigation and adaptation actions)”©]%k
H3o] EEEHATHPA, 2015, A10.2).
g SAVTASKEG Be] &P B9I
(TEC)?] O] W2H,19) 757142 “LA7 A 7125}

ol
32

=

EMIEL - ENM

U B 713Rsto] &-8517] st ojugt 717, Had, A
|4 A4 Es 2772 HJOHHUNFCCC, 2015, p.2;
TEC, 2017, p.6).20) & 7|37|&S 57]1&d H37|e2
9. 71971&S A571ed 487eR FEoks o]
= 7|19Hs g2 A 71585t Ask(mitigation)2} 7]
T H3} Z-Z(adaptation) F5 O = FLESL7| WFolch 7]E&
A3} Aslet “2ATIAY AE FHiohAY 2ATEAL)
4YE Eole Y MY S YuFHIPCC, 2014a,
p.125). 1811, 7]Hs}t -2 “od A=A ARsh= 7]
SHsE FAJof| st A} Q17 AERAIS] RS E017]

93t BT 22" OJuFITHIPCC 2007b, p.76). 712
7)%ust gste A8 ZW wRo| Fag AT B,

71518} tf-gof 719 sh= 71e= 71¥7]&olEt St o
7|1 A, 7+=7]<&(mitigation technology)S 2A17}A0] 72
FHo= 7|19Hsl ABLE AFete VIeE, AHETlE
(low emission technology)¥} A|Z8J<Z7]&(zero emission
technology), B4 Hj&S #7dl= AEt47|<&(low carbon
technology), t7] & €45 X & J+ AA|A AASH
= Y|A €| B Hj& 7] <& (negative emission technology)S *E3}
SICHTEC 2018). 18]1, 7|33} #187]<(adaptation
technology)> 7| FH3}= Qs F¥sk= ol th-sstal
Hgetol 71zt Qo] thet Ailat Azt AelAle) Hor
d= Eoled 7loste 71eE vttt

TR, 8714 Ba 15 Rut ohjet HoR
ol A 257143 GEd A, AZe 7142 At
EQ-BUSE a3/14T 2e 487148 Aol Az
= 8 7|2 sjed Hgaa dg 71&e A AolA
o]3e 4= QtH(Christiansen et al., 2011). W&o]|, 7|5
3 48 BEI ALV o] FHe| FRo| T3
S e 2 Sk, Qe oA AR AEE] o
gto g ojFAY FATY, TeEol HA kY HE 7|F
A3} @4E TEsto] HES S0 gk 1187} o7l
ol 7 gs 48 WEOR ofsfe 4 Uckbid). A,
oA Bzl AFH AF7Iso v H87le v
3k Fopol Al a5ty H-gF 4= lrk(bid.). AA, H-87]
&< F|2Fd(vulnerability) TteHR-E] AJZFgHCH(Ibid.). YA,
FEE 719 Aol vgHoR Ry AYHQ U

il

19) §R71FskAE SholX] YA 714 ee BB 9l 498 Y1 AAUZol 90w, & WAURS 157149 AL

7]
4 ol

o|Y-S FFsl= 7|F7|&AE Y ELZ(CTCN, Climate Technology Centre & Network)® TA4jo] Ht}.
20) o714, 7|eHsE “FEI 717 S BEE AAHR] 7T HEo] QY EEo] AP H R HAAF Y19 L

BHA17 Qofubz 7]%e] W3l o] thUNFCCC 1992, Al).
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7|2 st o

{on
0lo

7%t 9ol 2.87)48 7 wEe] Agat 2go] Bas
47122) 714 H-go] 45 % Arkibid). THAA, 714
o mahiat 44 7409 Aol vwa ol 471
o H8) 287149 wIAT AL B 7 1E0
2 44 % glon $gHor Beksy] of-tkibid),

A A191% EooA] 22T AL @ JbA AnE
Bast otk HA, Lel7t oSt 43714L W
of713k# £A7k20] ZH(reduction) 7140]1L, o] 7]
Fuish Ysk(mitigation)o] 3] 9T l&olet B
Aok Fek golck. Tek, MO 571&oletn X
e AgAol Ak BA, 719714 FART Uk
%7143 287140 BAMC] et Akolc. 427
A 2 2go] Aese] /1L 15 ~ 20 ATt
o guiste] 7usE Qs 244 el Ad 4
S, lguslel 3] A% 97140 et Favt
Z7Fath(Barrett, 2009). o] &g ZHo] A, 71595} 2.5
M5 Aol LAk A&} 715Hst 8t alo] QA
8.2 ARtk AZE Uekibid). AA, 715714 7
%7147 2g714% ol H1 glouk, wel@ el
7198 293 7|5 Hte] et &85 8 (loss and
damage)?t Eelgol wel, &4} Wahg st g%t
7140 B o] 713G SolA o]Rolx]
71 shgdekan chat ol I AolA LA WS
o) 22k S1 5] 9% 71%e] TgElo] UTHTEC,
2020). E3, 5 Ao A} Lo, £ H3) A 71
o A% ol @A FEolof sH=vtol That AL
23 199 gigolch. WA, 71571%3 A 219 BA
Hog, NFI\e, B3 WE/1eS A dalo] dd &
591 Al A% BopolAo] B4H Hee 275 1
ol 429 o] T FaSHcGrubb, 2004). F41%
A ol 9o ARE V1% ATNLE AR
2 AYshs s mTHQl 58 ALE 59 Awd 4
g P& edote] BAL aRHoR BASY &
#aflo} ehibid). SU7kAS FEoleh: BRAE AT
She 4% 7122 AAA BIpt RES] B 4%
7140] 559 A (valley of death)E FH3k7 3}
7] AeidE PaFIE SR Aske] 7w

¢

N

P

i)

21) o= 71& WAYE 71EdFALI(TEC)S} 7|53t FFa
ExCom)9] 35202 AP=|9ict.

2 ojujain, o] WACIHE 71&e] 4o FZo|

A °
23) MO A RE 7| E(QAE LA, AT T, A9} o

7lE 80 Hgel £ 8= AT

ret

A 317

& FA A8 AFo| "asirk(Ibid,).2» &9,
71& A5 dANA I FRAAE A7 AR
D29, 83t ol dANA AL FEchs AEE
A7 A, o]F dANA 71&] HAME AHst] Hsh
71& 71&o FEe A A=A FofEE AAste 4
A 5o] AUrkIbid.). THAA, 717]&2] E5Fol et Ak
olt}. 7]& IollA AdE 7] THIIRG ot A7
&7, “10d] 7197]e” 5 7Ie/d B4 SYE 540
St ERAAZE Aoy, ZAAR oA BRI e 28
?l M99 71979 Y 9 P dS Hla - 5]
AeiA= 2= o W2 " 7igoe] &&= ofof st
71 g AlZEe] S8 wet wststr] o]
7€ ¥9e S50t ot 7| 57]&9] B3 AT
A= Boucher et al.(2014)0]4 A A|gt vHie} o], B2/
(intent), X U HFT(scale & intensity), =28 T34
9 792 83}, A4 (naturalness), G<:4d(permanency),
A& A (rapidity), HS3-Ql % (leverage) 529 /¥ 2%
sto] HEsfiof gttt Bk w9 B9 A5, A8, &
A8 EYY gEFRE +4E PIEEFAA
(CTO)E EYZ E4sta QITh(CTis, 2021).
olF FTYHY, 7|¥7|eZ 7R ds & 7|9Hs}
Aol H-Zolghs TG 542 71 Ve &4 %13}
d FHof| AFE] Stk &, 71F7|&0l2ke &of AA
= A AFE HIRE Zo] gol9 ‘S o] FREE= =4
AL2]9] =0] A &ojlA] TR BHE, 7] HBtof| oet of
< SHo| AZEULL, BAA d ARFAA 213 SH
< HiAE EEol2kal & 4= A o]of 7157]&e] et &
FAAE AXSte Fet FA7|F=0] EA5H=H], 15
oA F7|SHIHF AU 7|97 |E ERATe A
H F}18PE A€ (UNEP)-dInt 7] &t SHDTU) THELH 4]
AAsh= 71971&EFAA stollxs YA 7]&0] =0
7F A ekt By vt Aol le g e AR 2017
A 8% FEY 79739 S 9t Ve B
FAAL o= 9 7ol ZFEo] ek

=

3.6 2HJtA HE £F0 ME JIs

A 71371400 that 9] Solq o SHw

AAE &4} Hsfo] T vrEAME SAHAYESY AP LS(WIM

o} ol GA(EZS, 83 ol 71, B AR W 38S E Ad 2A)
5 |
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&o]=0] HiE 2A7IA HilEE E0)7] {9 HiE =0
ot 78 7]& &olsoltth. 7)ol AHiE7]&(low
emission technology), A| 28 & 7] & (zero-emission
technology), U/AE|E. 8}&7]|&(NET, negative emission
technology)o] At}

A&7 &S 2A7MA w0 AL 7]&S uloiH,
A= HjZEo] o ZofllA 247IAY] HiEFS £l
AU AZHE7EY HHE &8 oA HiE S22 &
o]7] A3 E-E&HHTEC, 2018). &, &FHIE(RATH)
ERE AHRITAL StERtE, AHiE 7]eS AR HiEo]
o] HopojlA 2ATIA HiES ASStaL WA E E Hj
Z9] tiqt M7 oldo| HiE &S Adsty] s 2

a3ttt g =01, FT EoklMe FE719 A
o= FHASH ZEEe HEW A9 davEdS

Asl= A& 7]eo] AFEI QJth(Ranasinghe et
al., 2019).

A= E7]&2 7159 &P (operation) A| SAHTIAE
A2 E= ofF FAE JL27 viEste 7€' FY
HEKTEC, 2018, p.2). o}7]o] =3tE= Al 7le2= A
ol |7 71o] 23 = YL, EIF (RATMAE) W
SoHA Y= Ao E AJET AHlAY AlgE FX5t=
AIE 7|&(soft technologies)S X3S 4+ Qith. A=
HiE7leS AYsta 4 7S EFstas ¢ o, 7
&9 AzIAoA LAH= 2A7A wiE7HA] A=)
£71&9] Jgstol| ZIARTHA ol= E7FsS AR o
AR TH(Ibid.).

M, HAHEHEZ &2 “d7|So2R Y 247FA
£ AAsHs 71&7olth(Ibid., p.2). HIAEBEEIE7|&
&5tz 712 WS oS & =T, IPCC Al5Z} B2t
HuAo] 715kt 67 UIAE BEE7|eR2= i) 28 & A
Z 7%, i) BEA] B, iii) Z3HE 3528 (accelerated
weathering), iv) 3] %H]-2-35Hocean fertilization), v) H}o] L
o JA]-o]Atstera Y- A% 7]&(Bioenergy with CCS),
vi) AZH7|ZEAZHDACCS, direct air capture of CO2
with CCS)o] QTHIPCC, 2013, pp.546-551; IPCC, 2014c,
pp.485-486). U EIBIZ7| 40 BRrl2e ol X

EMIEL - ENM

7F & & =t dEH R A 7HA] ®Alo] EAsh=
g, i) stte H71S 24A7FA ZF wHAo] A ARIA]
T RAJA ool i) & shte A% WA
w2t FEske Aold, iii) & o st 71s 7|5 J
SRR B EA 7HE HIRIAY ofFolt
(McLaren, 2012). 18|31 YA EEE7|&9 Hr7|&2
i) &4 AA 71&d od=F 9 FHEIK(Technical capacity
and scalability), ii) A|°] 53 (controllability), iii) =74 7}
5 95(Accountability), iv) H-2}-&(Side effects), v) ol
Z] 4 Q (Energy requirement), vi) 7]<&A el (status), vii) H]|
(cost), viil) O (EH H AAA A9 ix) 7] et
52 ols 9 QlA]o]th(Ibid).

JI™E, UYAEBHEIE7|ES  o]AMSlerAA| A (CDR,
Carbon Dioxide Removal), 247} A A7 (Greenhouse Gas
Removal) 59] 80]9} WAL E T QTHIPCC, 2014c,
p.485; McGlashan et al., 2012; McLaren, 2012). 0]& %]
= A =9E 1L Q= oA AAA(CDR)= “(1)
40 AAAGS YA, 2) IVl T A sEE E
d 5207 35tgohs g-Esto] ®HAE A|ASH: WA
07 Hr|FY ©AE AYHo R AAst: HHS 7H
Hadss 9ot 7H7le” J3HE 9uegd
(IPCC, 2014b, p. 119). 7tkgl 92 & CDRL “Hj7|2
HE olkElaAE A AAsks 74, B9, A2HY
AgS olu]stck(Smith et al., 2017). WEHA CDRL 7]
E&olgt7] Hrhe 4719 FHo|=tar Bof gttt 19
g, IPCCOlM YAE|HH&7|< E= CDR HIHo| &=
ESl= 0] Q= BEAHE5]-8FFH (carbon budget)S] LA
Al 2%, ALE 59 2Hsz(overshoot)S ]Sl
(Smith et al. 2017), IH]-&, 7|&% o8& o= QU3f
ge4ast E71RF oA HiEEHE o] siEede A
o= Sdo =2 A 13E 4 7] "l&Eo|th(Davis et al.
2018). IPCC 7 2]of| 7]4¥lsto] v A | BHj&7|&(NET)T
CDR WS FESHAHE, NET= Huh &2 oJu|oA
7)e& E7ota CDR2 Erf ZHR] ‘FIH S 71
Aol ol 4= QUth2) FFHCEE HU|F oRER
B 2A7IAE Al A (removal) qtTh= FHolth. 074 F

24) CDR HZHL i) A 7I¥F A2, i) 71& 719 F2H, i) B4 JITHeE 72 5 Aok WA, A 7 HIH2 29 &
(o]

A2, Holeal &8, EF A 1F, oletEA] ¢ St A
Weathering), 27|22 (DACCS), ¥ &Ze|= Sd(Ocean Alkalinity Enhancement) 5-& XE3Fotct 12|31
o] @ of i A]-o]4kstetA - AZHBECCS)7F AtH(Smith et al. 2017). AR O R, A 7|9k YL thdzt
o] H|go] HA =1 Ao FHPA FHE FHAEQR]: A FA-AY &
St} (Fuss et al., 2018; NRC, 2015; NAS, 2019). G (rebound effect)o]] that AL IPCC(2013)Q] p.1461S F1sh

2ol 52 x3gict 181 7]&7HE HEHE £3F S 7 (Accelerated
q
23|

A9l st
8ol £ Wol|
AAY gh 23 Y PN F2EE Bl H

% glk. v, 7]

ok do

279 W §94 ATHe TH8 tiitn RD&DZ AFEAR Beh GFA Ba AL AUE 4 gt
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ol 2 NETS CDR2 247kA9] IF&(reduction)©]
obd A (removal)of] E-&F}

ST, &R W& Ve ) AMETE, i)
A2 &7, i) HAEE #i&7les 25 247IA
&S 00t 54482 7 71«8, & 7|3Hs &
3t 3ol AFsteE 7R FFH AsdS FH
Ut 294, o] FolA UAHEEEZ&(H Yot
CDR HIH)7F 44 zsHdS FHstL Qe Ao
A= 84 Aol A4S 1 o]f= thrd H
A&t 7l TR UAHEHE7|&9] d7]F ol4t
steta AAS axdn 844 Fabdol B4

ol

UIAEBEE7|s9] o4 542 7|$R3} ¢45lo]7]
izl SF2AR1 7S L o|siE 4 lF o, o]
£ oJAkstEtA A[A o]Q9] R4 &0 otFtS 7
A 7Fs7de] it &9, ol¥Al =871 & W7l F AH
Z(DACCS)} F3te 34, EA o]go] & EX
7IRFO] NET 7|&, $4Hd 87 & Hio| U A| g4z
F(BECCS) 7|&2 2ol 744 d3F= 718 4= doH
Aol gt AAS doA ohE Ast FAo FAAE
IS 71& 4 tH(Smith et al., 2016; Fuhrman et al.,
2020). E3, YAEBHE7 |2 BEHvd/gol dFIF=
714 4 QAo s HE3S 71&] A9, T AFolA
oA 71A] s S A 7| A= F FFFel Bard v Yl
A9t ol= AT AIRE 2ol 711k A|oF wio]H
AR Q7= FEE AP E01Z & fles 49
FE 713 5 Avhe sl digt S37F A&EH QL
H(Minx et al., 2018).25) T3}t 735}e E512H22 Ex|e}
SAE FACE TPt oA AEA L] AAAE
AWstar s 4= o Fito] | EA| gk A QI
TAS LA A AFFE 71E & U=
L7} Ith(Edwards et al., 2017). T3, CDRY} o1 #]
o] A= AdE7F 85ttt o||A] =27 & CDR
=49 4%, CDR HIHS &8&T o FA=oloF ot=
oz Yol vj&st= etA HiET} CDRO| 3714 48
2 Qg o7 A Aol 713 & Y BAHe A
7Fs4d0] £A517] "j&Eo|th(Creutzig et al., 2019). °o]=
YA BHj&7|& CDR FHHo] 7|$¥s}t dsks 9

S ¢35 HEygof thet A

-
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gt o8 7l&ol7l= st 43 2ol vl K=
do& Q&S 9xA gt

3 YA EeE7]<3 CDR o] Hes]
71€07t0] deiE &S @4 4= Ut} IPCC A5
{7} 2340 ©2W, CDR-YAEEH&7]|&T} 7|5
3} 43} Alo]9] AAE= HZSFHIPCC 2014b, p.119).
5], ¥% YA EHE7]<e CDR FIHS 7| SH3lo
gt HES At FolA HE7&E oldH
7] FFcH(Boucher et al. 2014). E3F, CDR- Y| A g Hu|&
71 71%7s B0l SloiA 71eHst deble 9 A
571 Qo ¥x9 7|&F 2R Folof Tt YT &
A sHeh(Ibid.).

T, AviE7edt A=RHE7]E, YA EE7]
<'CDR FHL =79 oZ|= qloy, #AF7|ed &
FHI, A MY 7L Q= AR & 4 ok
831, o]#3t 7|&8olE2 U4 AFE TIT|E A
A E3tE o] =R nR, FAA 9 A o2
HiAE G024 olsid 4 QU

T

oN

qm pE N

=

3.6 ™ 7|=(Clean-Cleaner Technology)

7|1 SHSFEAY E AW =olof|A] TR E HE &ol=
HEE FA7|solnt. AA71sol gt 7ig-g ool gt
4R we Hgdstth dExdos & 7HA] JIHeRE
TFEA o] AHEEE 51720

A, AAFH 9 Y SHA FA7eS FI7t
ot &, F471e2 Htt A4k (cleaner) B4k 913 A A
Aol A H7E 4 29 WS HAISH] % BHe
otz o]ae 4 th(Clayton et al., 2014, p.10-11). o]+=
71E9] 2FE Ayo] gt vhdoA =EH MEE
At 719 edE APHS AREA Y7 e Uok=
o], AFAE7|ES FHFS AR & A=
HolA e FEAo gt L&A siro] ofgh=
ST AR 2] Aol A AHYT} o | A|7F S0 A
HlEth= oA §bgo] IitkIbid., p.1). E3F 1990HTh
0] FEHoE S AT A EHE A S
Qolr WEH 59 5 AR Izt AA| S5 B
RA717F S0 dFE 71XIvh= Zo] SR A
9] 3la ERF BAFITHIbid, p.10-11). WebA, A7|&

25) 1% VIS A9 199095k B LS A7FY AW F shtm BIAY Aol It S oA 717 A% HIo
o, 4 JPA= AT S g4 SF @BS FASHL ATHEPA, 2006; IMO, 2013; GESAMP, 2019).
2) E TFE2 ATUOR, Y|4 QW eI TR, FYV1ELS AQWE TeT 9¥V1ES FHAR AN |ER Bi BYol

Qlth(Bosetti and Verdolini, 2013; Bretschger and Schaefer, 2017).
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° WY 70| ofd AARE WslE B =, F
7128 Al BUFS Folt TAWPY, 19
e AAE A At

=
845 E0l= 3HNUATHES oF-Etk(Ibid., p.14).
.S BE4 SHAA 7= HIedh
B71e2 BASANA Ao a&4 &8 HrE
TS T 7|E2A A o] EE a3}
ARl o g AT 4= St} EIE, HA7]
A9 &4 &8 AFAYFHY AE S5
A4S 2F&TH(Clayton et al. 2014, p.1-2). o]&35t =9
= i
02 He AZE Jut &, 349 BE&s TR A
712 719 AR & JFIE st 7|E W
Ao A Hloju 7]&dt AFJALS]9FS] BA A HZH Tt
BAQ B S meElst Zudld uddHe
(industrial ecology)?l IS 7|F T+ Eoh(Dewulf and
Langenhove, 2005).
o|g gt Aolgt AEHo®: o, FF7|& gt
ARHA Q1 A oj5o] ATttt FF7&e2 “HAANE 4
2 A o]85kal A2 34 &S fste] A7klA
o|o]& A&t R EA BAH LR BAYYS A
71E2 Ao % JFCHClift, 1995, p.321). T3}
AFAG2 R 9] Ao #et HENA = FF B4
= “AF9 AA- BT 5 BN SF A
AASIAY £0]7] A% 71T SHAES B4
g 71&7= AOJRTHKLIC, 2011). Z1-H|, FA7]
JolE Ho] Qg 245 FA0R FHFHoR
HH, BA71e2 i) BAE= ZFoF shH, i) A &
7 3+4 &2 A FrHLife Cycle Assessment)S
sl B7lsfiof shH, iii) 57 AFY] AHitat F7gofA Hlof
U AH|AQL o]olS AlFste Aol FFstH, iv) H7E
F|astet o YAE EZIARTH(Ibid). AEF7= €
A9 &, Ax E 34, o5 4 75, AR AEE-H
71742 A olo]l A% &7 BT
Az}t 378 Byl ofe} AR o]di} Az o]F9 &
FI7HA AL oHAE Rth(Ibid.). whEbA, HagB 7k
W72 A== gl o] wie Aot et
A, o] gt AP 7L AFollA AvE 71& 1L A-H
71E 71e2 BA7eR 257 He AR R olsEd
(Juma, 1994, p.138).
oA, Q7 e A Z1sHdl

vy

2
>
oM
ox
N,
o
rlot
oM,
ox
i)
oM,
>
ox
()
1o
o
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ra
ox
X

Aol AT 4o T ST R BA
Ashe 9% gty & 5 ok ofn] HojA|x
Y8 A98H Yold FEEE Jgelnz Asd 4
o] Hrhi B & itk oS o, TS GanA
Zo| myEh STHE HALIAR(CCS) 714S
FAY EE Ao PER o|RolnE A A
L

A9 FHIES ARA 840 oy, HAxHe
(CCU, carbon capture & utilization) 7]&-2 oju] AY
A5 HollA e FA7EAE &85t AolR
, olm 71&9] IHAo] golFEA Ee F7HHQ

o] W& e} 7|3 & Yot FHES FY ARY
E] 2}9] =8A4o] Ertal & 4 th(Jones et al., 2017,
p.9). EE, olAT R HA7|&0] ARA 84S 1Y
SiA IR st = HA g

Mo MU it oo P X N oo mx & o

of

3.7 M™ 7|=(Appropriate technology)

0:

M=ol gt 7leAd Aol Hsf =<fst= a4 3
oM St E OE §ole B2 FHA7|eclt. 4

7holtt. 1960 2] Atidbdo] 7]Q1gh Axl=- W €7
A Agket =g BEg AX=e] YXR(aid)oE EF
Shal A|&EE= Mew W ¥l AX=9] 4 H=
o} 71«9 Tdol digt oHE dexlen wkr|e
(anti-technology) A&  of7|th(Pursell,  1993).
Schumacheri= ¥ A1) YNZ Hr=r9] 89 JF
o FatetA] g2 Ve HEoE FHow, Mo E
2713 AXl=re] Adfr]e Atolo] “Fxt7&e& AR
S/3% 2011). Schumacher®] F7t7|&2 H|E=F 4A
Fa}, tibgs 7t AlNl-571et oA A sto] B ofu]
AAQ7% 7fgo] ZF K Leonard, 2018).

AG7le2 718 -AA - AAA-SHA SH A
TEEE 545 7ML Aok AA, 718 SHoA
A7 AR Qlmetel Ard A7k 5ol 7[Rkt
71 ge] ALSS9] Ioet lmetet Fo] R
k= 71€S 9W|Rtth(Kaplinsky, 2011). &4, A4
SHA HA7e2 AHEYLAR] R 7oA B
ojuf E ARl AE 7|&E AFerh(Kaplinsky,
2018). o] & Bl 7|2 ALETo FHT 5A&
A &Eota A FES &9 HlL 2E2 AFst
Th(Leonard, 2018). AlA, AA|4d ZHA A 7|e2

S
4
TAERI DAER] S0] Beste A4Eo] obd

OC

bl
bl



J|2Het S 71 80 HE

ALaE57T ALSAE G R o A4t S}
71%-< 9Ju]gtth(Kaplinsky, 2018). YA, =il
A A7 e s BAOIA AR BAEC = 9]
g @A AAA 8, a&AQl oAU A| AR, 7]&0]
A &Aof 71A= FF 1LHE B3l 7Iso] &0 7%
FFS FHAsRI(Ibid). °olF FHsHHE, A&
“1) A9l B Aol ZA H 7Heshe, 2) 44
A Y 2T ¢ U AR IS, 3) AFEE
T AE7MsstH, 4) Qe AxAHS A% oo =%
o] 755t (Z g4lo] 7hsstH), 5) S gk Q14
Sto]l =3}o] TFsALR HIE & Ue)” 7IEE HY
=l ch(Pursell, 1993, p.632).

esd A7 a2 M= i 71sAd oA &
oA =ol= 1 EEHt ol 7]E9 7|EAHo] 9%
oA §-84 A& 7I&0] e 4L 7H Fl=olA
F-&(useless)Tt A o|FoE HAA ARE =&
A7t 7] HZolnt. Al &0, Me=olA ¥ A8z
ojo] g Eh=A], 7171 & FH| 7} o] M EUZo = o]

TFY AmTt BESHAY A ETt EHA ol 7]

7F AR EAE 9O, = 7]EAHo] XY A EoA

= = ddFQl AdAALt duelse] AE5A <l
AZAZ FEot= o]573A(dual economy)22] A}
2 o]ojR= FeE0] 7] wiZeltkIbid). AA7|ES
Foll=o] gt ZA] gt EX Y] 71&4 PO EN
Az 3= Ato]9] W2 zjolof|A of7|E= A
A9 FHA JFS Haskeith

T8, F471e9 Md Hok SE ok &, A%

f
(=}

o
2 }\g

=
76] A

I

riol
o o

==

%o rlo

S0 45 Ao st A7
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71&Z 2719 7dollA o] ojudt 7S §451]
Hoh= /g4 a=ja Hehy Ao g F-8EthMurphy
et al., 2009). Z7|o Az =5 2A A A=}
A 71ek 27 Fol BE MEFolA 7S T gAYt
AT 7] wlZoltk(Ibid.). of2|et SHofA A4 7]
& A2 M==9] 7]eRlolA 2t =9 Boof g= A4
Al 7|&E 7IEAAY Aexo] wSHA] £ IS o
Ao & g 7HAtt 7led Boll M=o ANty TedgE
FAA 7= A ES ZIRHCHIbid.). WA FA371&eL <zt
9] 7l&} A Jdsto] FojXl RS A&7ksstal A
SRl HHAl o7 ghgsto] FdT of4do] HloA g
stal ZiRpe] 71E2AQ1 3 5 FEoto] A LS 11F
Al71= Agrog ola=7| = Stk(Ibid., p.159).

olzgt SHoIA A7 |e2 S M, A 2
M, AR FHE BF Echs 7R olsfE 4
Utk ti4l, HA7&2 fA7| st FA stollA F
T A= st B9 &Y ERAA 5 384
O E 2= 7leg2 oty

EAS}

3.8

O
e

A3 AL 7158 o33 BTt 728059 A
Gt EAEL A47EA 31 2a0] 7|uste] Amn

|

SFek. A Q) S|4 o] 71&golE5e] FEAT o]
5L Mok 4 YUt oI5 B, 7| Fwst et
BaE 7S 8015S AL AW YA A
24 ojnel A&7PswA 3 &< BAH-AAH A}
514 WP ol Zwolx TR, Theol Table 13}

Table 1. Comparison of technology classification by technology terminologies

Environ-ment Low . Negative .
Technology Green Climate T Clean Appropriate
. ally sound carbon emission
terminology Technology Technology Technology Technology
Technology Technology Technology
. Low Developing
Conceptual Sustainable Green .
K ] Carbon - - - countries’
orientation Development Growth
Growth development
Environmental v v v v v v v
soundness
E -
conomic i v v i v v
soundness
ial
Socia i i v
soundness

(Source: Formulated by the authors on the basis the analytical section)
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322 QL - OLMIEI - TIAN
Sustainable
Development
enionmenia I8 e e
|
O . Other
Mitigation Adaptation Erianreel
Atmosphere Industry
l_l_. -
Negative Emission Technology(NET)
Carbon Dioxide Removal (CDR) _Zg
b T ]
Low Carbon Technology 2
Low Emission Technology =
L =
Climate Technology =
Environmentally S.ound Technology g
L | L ] o
Clean Technology g
Green Tle-chnc:-lcrg).r
Fig. 3. Relation amongst technology terminologies in response to climate change
(Source: Formulated by the authors)
ES A A
Zo] AEd & Sl 4. 71580 ¥ J|&ERF Hln
1931, o] 7l&golso dAES =ASeHE 4T

Fig. 33} @E}. 1ol Mt Zol, YIAEERE7]E&S o]
Aetera AA I oA 7133 438 5 SolA
T H71S olitalea AlA(removal) o] 23 S
Aga 7|e3 AlE 71e2 7|FHI A48} g5 SolA
715 ol4tsteta A A Ek ofzt AkQJollA| 9] o] 4t
SletA vijE F<=(reduction)’ 7}A] T LSl= OJujo|t}. 1
21, 71%7]&2 7|FRst Hgt A-g7&n 71$Hst
A5 9] LAY B71% A A (removal) L AHHY
59| AZf(reduction)e BHOE T FA%7|4e TuY
ok d Uobt $4sI&L |3ust 95t 9 gL
Qg 71& 9t ol tE SHEAE HEsH] AT
71&7MA] ZERT A7 |e2 A S &
2t A A S aEsto] A Z1sHdo] *Paﬂﬂ%
717t A gt 3hH, FA7|e2 7| HEE 435t A4
oA AAFHoll A8H= AE7IET £ AISA
Al T2 SBEAIE ddste Hol &8EE 7eE 873
A X AA A S E 1 7swtS AT
upxgto 2 AA7|&L 7|EHo 7 FAH -AAH A
< s, 53] 11 7]&0] /ol d- A& H = A
= 7]1&olofof gtk SHoA A7 AFE 7]&80]
S 19 BART= Beg FIEoloF St

ol
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A3l A B | Lo, AL 2] 714
goj5o dalA LUt AAR 71E5S ofEA £
FIL 9l A AEoRA T 7% §oi59] B8
o AMREE S,

ol 918l WA 7480l Wz Leutetolq B8

ERAA AREe A4sch WA, BAAs& o
A A BAROIN BEHL Y= F A 7%
ERAAR St 4712204 B85 40
o 347143 TSPt St R&D BF A 2851
Sl TS| SRERFAA, ) R 34 2ol
Qlt. o] FolA, B =BL MRl L REREAA,

£ 7]1&0 2 SFYTHMSIT, 2018). o] BFA A= tj&
F @74 I sl FEF oM, 287 65747} 9ok

o, =S A 20009 ME AT
W ST A AN 5 15 SR8
i AREE AEste] B85t HPACST, 2009).

o, A A& 7]E’Q 3% @A7HA S g

o] A4 7|F7|&, A¥A: HA7|E T3 EAEH 3
o] B4l BRAAL BASIT}. olo] YR 2uuje
i sH(Loughborough University)Q] AFs} 91491 ofo]yl
R N e 19
3}efo]

N ERAAE B-E5FATH(INet, 2021).

r°1'



-|o||

T1%7e ERAAL AS e eH EHE Al Eo A
Z8oa e 71971s BERAALY 31 qER-140 5
B 45T ARB2E BE51ATHGTC, 2017).

EF_‘S‘]' ‘247(—17]5’_04 73_'_ %7]—7‘(4%]/\“/\}-1] °_]1\1]E1_0,] I';‘g];g]
a7, 40 dER21Y 543t 28 FE
854 THKNCPC, 2021).

YA BHE7]& 9] 49 A7 7S 71 A
A7t ofdzt 7]&o] AEHe= A8 E7 7] it
=917} tjEEo|tk(Minx et al, 2018; IPCC, 2013,
pp-546-551; IPCC 2014c, pp.485- 486) = 7]&of oist
FA2HE ERAAE glen, 7es 83 HaW A4
olgtil & &= Ut o]of|, AA| FA Hri= A A
A AAJE Minx et al.(2018)9] 7d] E5E &89}t

Ao g2 @A -2yt A ol HIL Sl ©a
FHol T, #a5d e 7IeERw AAE AHET]
913ll, KISTEPo] EH|stal HEA oA HEEIL 3
= Easy %11'7] 71€2EH SES PR 7lera R
AMA 9] st HilER - 39t FSER - 11 ARRE 7]
TOE T©AFH 7]’\ ERAAE AESHIH
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Table 2. Comparison of technology classification by technology terminologies

Classification
Environmen- . Negative Carbon
. Green Low Carbon Climate T Clean
Field of technology tally Sound Emission -neutral
Technology | Technology | Technology Technology
Technology Technology Technology
Environmental
. 18.4 0.0 - 5.1
conservation
Power
. - 0.0 2.3
Production
Industrial
. 9.2 7.9 - 22 0.0
Efficiency
Resource
. . 1.5 2.6 11.1 - 0.0 7.7
Circulation
Predictive
. 53 - 4.4 0.0 - -
Monitoring
Ener;
& - 15.8 - 1.1 0.0 -
Networks
Transportation,
o . - 2.6 22 0.0 7.0
Building Efficiency
Knowledge and
. 6.2 2.6 - - 0.0 -
Information
GHG fixation
. - 5.3 11.1 6.7 - 5.1
and absorption
(Source: Formulated by the authors)
Carbon-neutral Technology - I
Clean Technology ;A
Negative Emission Technology
Climate Technology
Low Carbon Technology I 5577
Green Technology S EEEE
Environmentally Sound Technology . |
0.0% 20.0% 40.0% 60.0% 80.0% 100.0%
= Environmental conservation = Power Production = Industrial Efficiency
Resource Circulation = Predictive Monitoring = Energy Networks
= Transportation, Building Efficiency = Knowledge and Information = GHG fixation/absorption

Fig. 4. Comparison of technology classification by technology terminologies by diagram
(Source: Formulated by the authors)
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