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3 oo e s
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& I Friotherm Unitop 22 R1234ze E
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@ YORK Titan OM S RIIT NH,
ol GEA Grasso FXP 63 bar s R717 NH}
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10 100 1000 10000 100000
Arpagaus et al. (2018) Heating capacity [kW]
ICR 2019, August 29, 2019 cordin.arpagaus@nib.ch
Figure 5 Typical refrigerants used in industrial high temperature heat pumps globally
ZX: Arpagaus et al. (ICR 2019)
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ZX: IEA Data and statistics (Annual growth in sales of heat pumps in buildings worldwide and in selected markets, 2021 and
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# 3 7E o= 8 ?d=o 230 E S|EEE MAUHAl 278 7=

Climate conditions

Warmer Average Colder

climate climate climate
EnHeerg; Pump and Rtribution SPF SPF SPF

medium

Air-Air 2.7 2.6 2.5
Air-Water 2.7 2.6 2.5
Aerothermal Air—Air (reversible) 2.7 2.6 2.5
energy (fé{/e\’r\g?g‘fg) 2.7 2.6 2.5
Exhaust Air-Air 2.7 2.6 2.5
Exhaust Air-Water 2.7 2.6 2.5
Geothermal Ground-Air 32 32 32
energy Ground-Water 35 35 35
Hydrothermal Water-Air 32 32 32
heat Water-Water 3.5 3.5 3.5

ZX: Official Journal of the European Union, DECISION (2013/114/EU)

[m

T e s =
=
L4

O[O = 2lvt FE4Of LS} 7t O2|E HX|E 2fesls 4 Htdx 9
0| tt27|of Jidol Easttt RE A0l M= JhAHUY £
X ofF=t dMS EX= A oL

Of otMQz Y

HIES HTIHCR =0
= A0 o, =tz HE L4
of g7l =0 HEHS M=2{0F ot
ISH =0 SoUA AtEES ZH

Ct.

oF |H

1=

0L &2 nx 0

O

mu oo — |m Hr
ot U of mp
Ral

n-l-

|

1

o=

['I_

N

LO_I-

=

)

HU o oM

i
L
P D

3O mo 4T of

n
1

il

2 A5t ot MEHoM=

Aen, of THEL A=
S

0z g
e H
oo 1A
= rot |o
=

e
ofo

)
m
Of
m
oH
O |H
t
m ot
Yal
>+
mjn
m -
¥
e,
2
o ox
4% B

r
30 1o ot
T
M
g
B
0% 4y miu

4 oo TR

-
S e
=2
|.|-|
L2
Ot
2

1o
kA
rot o
2
fulny
1%
ol

%
0z
=
-
Ral
e
0%
=2

Ol Co2, ==2T 2|1 AlO|
of M= AFE F=ASHY

C ot
ot

,_|
o =
= >

rir
rfot
9'1-
ol
meorr
0%
>
o
mju

1

Institute for Future Strategy
049 Seoul National University



4

050

ul

[=1
ol

ch

o
=

E A
I Alnjeer



md mwo F oK J0 &I o__M_ ol ki K /REF R T
_ X _ K 8 e
pLax I WO w e T
W R Mol 20 b
<ORE XM o) ) Jop 2 gotp R
N ) s owogk I 00y
men_lﬂ_u_e_uzr_un F o < W o
=52 Ywm> 5 TS Z B3y
Xpn® oM SRR R o s

N R ﬂoem_m_w_i__mmLm
_AE_A_OH_H_LI.%_A_ILEH_H_H mﬂqo._,ﬂqu_._._._qu.__._._
— — o WH_A_.OEI MO._T.H _I_H_._.__._._._I_._._
._I..A|0mlo._0 = \..ULIH.l._” _.Al_ _.Al_

H = 0 = oF M o < © ™ A K KE
e - T
< N X B3 K
M_._._ o = mw a8 %mw_m.rr__o_/xv@u_
E.__o__.__o._ln_ulMoOA_l ..ﬁn/_HLHn.U_.__o”_u__/a
e T T E N
N — fr oK go T W ol 3

mﬂ.__Alu_A__A_o 0 T [ - =r =
o o) = o YO Xr = 5 K © _Aﬁuﬂu
— 5l oy 1 o & g > _ oo ¢
soop R g mwor 2R g M
0 & Huolkg {H TR0 S O T g M
|_A|.__A|ﬂA._HLI — < A_ IIA_Ol
o T oK o o N B ay = = ol 23l
0 = drwl o o%r %@D&W.Aﬂ_._.ﬂ
S kK o _ f K R oo o o
= il oF v, B o @ = VI TR
TR T Qe ™ WO D s
| of Eomm_n.._u_l._u ._u_ono_ELtﬂr_o|__.__“__uu_n
] fzufdma <l cHETIT R w
N IR S e B
UM o mE W %iﬁlmmﬁﬁm
o kb ™ oml B IR OF ofl = O 2 N ™)
_._._H_ NoRs W (B WS
) T TR & ]3] N OB H ~ o)

S Hk _ @D gy Wk ol
R N _ O i o) T T ol xo ED
K I 4T o _ s I TR T
opp X9 & X oh & B~ ™ mogy X

< ol < e = IH &I oll

e N L I i M T
wd wmVTomae T N [
&4 Ik ol K rJ ol mo Moo N RMEFg < ™

Institute for Future Strategy
Seoul National University

(M|

E
of

o
=
ot

7|&0| j* SK5ILt

—

—
2t A" CRrel 2

), olHX| &0t
LnL Al At 2HE
o &EAMD UL

23) O|FHA W& 2006 AM2C

Ast
051



a8 13 A5 2A0M Al =FE0 HEE =F- T
Environment Passive control Active control
Thermal Insulation, shading, Boiler, chiller,
natural cooling, alternative energy use mechanical cooling, fossil fuel use
Visual Day lighting Artificial lighting
Sonic Source control, sound barrier, acoustic Active silencer, sound masking,
design electrical speaker
Air Source material control, natural Cleaning control, mechanical ventilation
ventilation
other Rain water use, composting toilet, sewage City water use, flush type toilet,
treatment plant resource recovery waste water
treatment

stddoz IHSD oA 28X ASEAE fisiM= 28 11 20| BY 7|2
27, d=HQ mAIEH 7|ES oo #8511, sMAR 52| OUHXIE AESte &
ol HEIHHOI 7|H2 X235t ALE U AKX 2 M = A=ZE A7 =[0{0f StCt O
£ QM= d=7H0 olet TiAIEH QI AAeb AMX|ILIOJ0| ol HEIEHOI AT} %
s & (integrated design)E SFOJOF SHCt S =LHC| H@ O|2{gh LIS THA|E 7|
E|E2 7|82l ME0| &YX g 53| TAIERl HEIE 7|He| 5to|E2|E HEu &
A7 FA| SUSHA| $Ctn = 5 AL
gHH =elof 4% 2uel BE W 7[EE OfL2f LAKH & A2 Chet Mr|=s
AA 7IsHOH{RE FoH =S A0S, HEEN= S7[ER EHP/GHP 52|
Of Otl ALY, HIAIZIE ME S5 &80t HgtdXoz R2&83dt ACL O|MH
= OHX| 238 7|lg SdXHQ AS0[ BO| A=2 As 2 U= 7[2X 2
HEE MBS o =2 CIA0 HSIEO A= d&0| Ut

JE Agcheta
aF jojefre

off 2/ Off A
I Al =2}
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S|EEHIZOl B2 XYM 1nERAcE T2 TEHS= AAH-HOZ] IIE0 HE 3 FHOAM
& & (heat source/sink)2 CHYSHA 2tESHOF BtCL O E S0 otHE, X8, +=C, HYE &2
S Ot MM HX 2R SRS 22 =& Ut

J2HoR JEHEZE M2R E2 Zot0 1282 E8 WEsSte HEE XM2Et A2
2 2EX017t 3 258 S|EHIZS| 820] Mtk OHX| AHl= S7Fg = ULk 28
B2 MIYOHX|IEE 0|82 SIEHE XHE 2datk[00F & 0|t HR(heat sourc/sink)2
EM S7|ER0| ot XE A EfLE, =g A St 7|EF HE S 0|28 ¥ S22 O|8iCtH
AZ2 Al 7|2EC W Szot A9 20 HSEERE Y £+ A7 2o 4
o HX| @2 o|8%t S|EHZY == QICt ANMez 0|0 EXst= 3IEEHZ 7[=0
o Hel(heat source/sink)S E2st=LI7l % Z0|Ct

WEIE MHAARCEAM MM 28 JIEHZ= [fEE =22 YA HHZ X7t &X|
2Chs M7t EXoC 5S4 HHA|AHO0[7] 20 HAEQ X[S5H7[A 4 X Hi2HEX| S
7h S 2E7I HRIIY 32z HIE ZHE Ut

=29 3% HH, 7t~ 5 wEElE oHX H[EO| 37| M0 OHX| 280 =2 2HIS
2X|5t HES Ot = UKW, U2l 32 JUHAH2=2 UK H &0 M X =
20| =2 2HIE HIMA 2X5ts A0l BEXtgls 2 =28 + At IHoM= 0|2
o 22 oHX| HEE EMAIT A= A 8 AHVE ¥z MESIHE EMEE U
Ct. X7tel SAtet 2A0 Y=siX|ct 2L =eof Ciget A=TgE HAM TAIE ALt
HE|Z Al Ko LteZ|7t of2{2 & 0ICt.
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FEH2 Y¥M g0 Hiet Z0| DjA[Eet HE|E FOFo| dA 7|& J§EO| ChYstn ZESHA
e A= S&oltt. B9 mjA|2et HE[H T[so| S H(hybrid design) s &3l %2
2B o H4X| 2HE A=0AM FEotD AL

=l ctet AL Z[=o| 7ignt 9ot fldiMe ERel Xt Mol 27N HE
F S AFR QM HeL S Lot BR0A Hotrt EQOICH Ofg2] DA|E 7|snt HE[E
7|&09| slojEE|E Eg integrated design)E fIdiM= MER 7|22 S2HES ¢

=
SEAXRE AXLOe = HRYo| FALL @ EICHD & 4= QUCH

sl

0
0 o
x
i

UE|S MHAAHORA SEHE $E AUEIE AAHO| BSHE ML SEWIZO T
(heat source/sink)S EHEots 20| FRoth FUACRM XE, Y, HYY S ATAOLX
AS 0|ZorLL HY U DTS ¥ S2 BEY & UEZ o} So| T ASKHOIM 0/S
D gEctE AE FQOHKD SN SEES|, ATHIR O TAS A4S Husis
2 ste o3t AEE Basic
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AN MEAl0M= AE(239)00 307X X[EOHXIE | 17] 2HIEF0| siEot= 1GW
TEOR =StE XEEe 2zt TS Sl XIEs 0|8 S|EEHEE 2d3HAI7|A
Cta ZEJYCE O|NE EHASE H2dS flot SIEHZS Q0| =A4%tE HYO|Ct O|F ¢Is
Me AN OUX| 7tZ0| eHdste|ofjof otCh o2l CiH| =Ml H7|faMAS =F8otd o
A 7tAS QHEAIA oHXzs S BFaEA0 =3&= dH 2%Xe 2rds 4= €8
7b ALK Azttt Chge 2 24 & SAF HIE0 oieh 14 Moot Zasich 44 8 27
HME R 7IE A2 ExHoz dA5s 40| 20 R 2AXE 2l XE,
dget 27 28 =9 S22 REHE S0FL HAH A7 gxE = UA=E Oyt 4
A oro|C|o7t EEE 4 A= =d & X@ M7t OB EOF ohrt

Lo, RS JHXIQE QAo et #istyt ERsith HEFel 4% oHX SHAM d=S
7] RIS E F7HH el HIE0| ottt ofX[2 BE HE AHFSL7| g AUHRO| A EaiF
= gHZ 237 2o ofHX =& W EaFTH 24 S5 ?Ie 2A0 et 571707t
X L MEbd 34k 7HX7F Ehes| B|E =8 ofL|ar Ctet ez HIitds + Uk
= HEL AE A"l #Hart HRsitt ol S0, MEXtoA=s Uil 280 =2 7
X7b #EElE|utility) HIES E0F7] W0 EME O 8A & &+ JUA=E o= MELt o4
A 280 FX B2 d=S A& Al Ma& O Fadte & ME=E id8lof ettt ot=g o

t= FS4H X7t o 294E KXot U

M =M d=2 7HX= oUHX] 8 BT EE
=0 ol2iet T A=E3t 214 = M oof ohot.

OXgez, EA| Hel2 dBsE & As 2™ ME MSoiof oty A=sfE2 AH A
LATE 7] ofgig = UCL M2t S=HR, X7E S
g3 oA sttt £35] HAUWE T Al(compact city) 2 WEE ZEEJA=H AR J|&
i AEIE Tzl A= AN 2E # OfL2t FHHY XA ol 28
= Zl27t E€ag Ao|Ch
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ASE20M= Cfefel A2 S GHE[E J|z0f Ofeh 7iEat Mg, 2dsist S Eesh A

golct. d=29| AR S AdEE Y|z &HEH J|E MEE 7lEe HEHAL HAE S0

MZ2 7le2 HE5t 8 + URF ofof & oIty 53] MECHe Cidet H©
s

=
o A+Tlo] lemz ofZet 7[&viEu et < 0l AO|Lt.

1

OH
|O

| m=

Or22| HAIE S AE[H, AZTIeL AX|LIO7F & SeAA|(integrated design) GH2| &
M =2dat7t Esinh 2f 2ofel MEdE EAsHK|t &% 0| Sgst= gAneg gdeS
St Z1&7Mgar X Aol SRsiE ZOICt sieel HE HAARAN= HFS ME CHE
2OFE AZSHL AMI|&2 AJHStn HESHA siF& 7|& ZCIYO|EZtL St E Yol AN =
EXotct M2 oME ot MM, 88 M3 WY S CHYst s A[AHS Sof MutEel A
ZRES S8 = Ues 92 71T 24 E 7|1R= 9ES € EaUt UL d2sit

ot ™ MA CfEt BIA BAFE HEo| SEOf Yoy A M2CiEtudt HEREQl E
AFE MeS MMECE ARdte Ax £2 ZA0[2tn ATt sioMe oixf EASE
AmA Mehg 2ot oHOo| gWs| Fdzn AKX FLHoME L8 ofEtE Kelst CHEE2
istolM= 712 71 S5 fot ot Ama GasE Metol 3ol A Z™EX] =3t
Aot 3] M20ietu HmAE 20129 OfUHX| AFEE A Al O|F 10 HL£2=E M
Al X AFEE 19, 2HZIA HIEZEE 1918 |XISHD UCE X2 MSCHetue| 2030
2HMItA HIEES ofFet Zuh 2030 NDC7t FEQ 2A7tA HIEEO| 328% HUHZ SH/|
M MSCHstmo| M2 HMZEE 18% BT ST7t8ioF A SChstu HEE0F 247t
A UH ZHE FAY = UCL F, ZAZtAT7L M7(380F O|R0{X|H MEMHS oM At &3t
= 7| oUX[7t 25 THEoHX| 2 Mete|n MS0ieta EAFE AmA HMet2 0|F0fH
= UCHs ZO|Ct PED GFE ENE MBTHetno| EASE HHA Metg FHoCHH, O
E gtuzol AL ALY [IE J|slE = US AR o4 ECt

<HEHA>

Alison G. Kwok, Stein, Benjamin, John S. Reynolds and Walter T. Grondzik, Mechanical and
Electrical Equipment for Buildings, Wiley, 2010.

Lechner, Norbert, Heating, cooling, Lighting Design Methods for Architects, John Wiley
Sons, 1991.

Jan F. Kreider, Heating and cooling of buildings(2nd edition), McGraw-Hill, 2002.

R. McMullan, Environmental science in building, The Macmillan press Ltd., 1983.

Tao Janis, Mechanical and electrical systems in buildings, Prentice Hall, 2002.

Seonyoung Yun, Dongyoung Kim, Myoungsouk Yeo, Hyejin Jung, Jeyong Yoon, Journal of
Appropriate Technology, 2024.
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IPCC(Intergovernmental Panel on Climate Change)= 2023d 7tel ETIME S 22Y =2
MItA 2 Z2 20| EbA EZEXF(CCS, Carbon Capture and Storage) 7|22 8% 4
= FHo=E ZISIRUCE Chdet 2% £EE HMESIHete YT LU M= d= H[EO| XLt
XA HIMNALE 50| 27ttt 4271 AE = UL, 0] 8% S7HISHA Eta ZXHZ 289
Of 37| W{ZOICt XEtax Ag|Zol A&t FtO| O =D ofgiz dd ZHoM ESX]|
(Bridge) 7|=2 B7tE= CCS 7|=0f Cfsi OotE7| 23 MM oUHX[AHASSt §2F o

252t 2IH 7S TYSHRALE

25) §23 u= 2018HFH MEtistn ofUXAASSL ne2 YEE O, MY 7|7 S NEZAY, HNF
S AME20lY, RE AdYd, XHsl HOH AO|AL, F7EA JHE, O[LstEts XE MT & Cheh CCus =0
o X

M 0
| g7 TdstD ACk HZ MESOietn ofHX|ddY HAMUSROUSTAIA TS| o AR HSEM  MO|LE ol A
CCs &g B HYof oisi ZolstH ARMICH CCS 21X FdS 915
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1. CCS 7|=2| g

Q) CCs= of'H HE2| = ofitetEta S 7] SoM HMAL + A= A7k 2 MF 7|z
CHaH 2 Eol = et

18 15, CCS 7|=2| HI7H™ 0df

8 15 CCS 7|1&2l 42 OBHE &7] @lsi co2 =F, =&, NS I3E27[0| =0
#9PH OZ0[CE 07| EOiX|= AMEH CCSe HiZtAQ| CO2E ZHSIY MEF2=E =55t
A, =&E Co20| 2HS 7tot0 & £0f st FYE CO2& 7|2t B7I7h AZA7|=
7| & O[ Lk

Co2 = 7|2 AA &5 % =29 LA0| ULk S+ LA2 Hi7I229 CO2E W0
STA7|D HYo| S+F CO2& =2loiUi= YROICL S5 42 HIZtAQl CO28 Ao
=0|H E= ooty == XE 0|88 S84 & Co2& =2

=
Hoz SIAA Z2lot= L-EO|Lt.

=3z co2= uto|=ztel, EEY, ME 59| 2&+H2E MYAMA| &l ooj=etol
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Northern Lights Project. “Northern Lights: a European CO2 Transport and Storage Network”.
February 24, 2020.

Global CCS Institute, GLOBAL STATUS OF CCS 2023, 2023.

International Energy Agency(lEA), 2020. Energy Technology Perspectives 2020.

International Energy Agency(lEA), 2021. 02. 17. Is carbon capture too expensive,
https://www.iea.org/commentaries/is-carbon-capture-too-expensive.

International Energy Agency(IEA), 2021. Net Zero by 2050 A Roadmap for the Global Energy
Sector.

F7HEMT7|E A, 2023, IPCC MeAt F7IEAM SEEDM 7|8 7|27|& S AAME: BT E
10ch HH7lEs SH2R

Emissions Database for Global Atmospheric Research, 2023. GHG emissions of all world
countries.
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Sources Additional Information:

Future M hts; Statista Worldwide; Future Market Insights; Statista: 2022 to 2023; Projection based on a CAGR of 24.5 percent from 2023 to 203!
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