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Case Study on the Remanufacturing of Vacuum Insulation Panels from End-of-Life
Refrigerators and Estimation of Carbon Reduction Potential

Jihwan Park’, Hye Sook Lim

Sustainability Strategy Research Group, Korea Environment Institute, Korea

ABSTRACT

This study investigates the current processes and technologies for remanufacturing vacuum insulation panels (VIPs) re-
covered from end-of-life refrigerators, with a focus on making them reusable. The potential industrial applications of these
re-VIPs in the building and cold chain sectors are also explored. Based on the above remanufacturing process information,
the carbon reduction potential through the reuse of VIPs was assessed using Life Cycle Assessment (LCA). The study
concluded that VIPs intended for reuse are most suitable for the cold chain sector. Additionally, it was estimated that
assuming 15,600 VIP refrigerators are processed annually at one recycling centers, approximately 32 tons of VIPs can
be reused, potentially reducing carbon emissions by -94,282 kg CO,-eq.
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PPNREE B4 AFVDAS AAGo] TS AAET 5 U B - 71SBFE 2AL, A
28 ore wAstIA A% W BEAR) Holo) A8 7Rs S DESIGIT E3 AR B Ateleg Futos Mg
HLCAYE S-a5tol AFREA ARz W2 AR AT 2, Y Sanhe BEF Wshach. AT 29, A2
50 3 AFIGA SAY Boll 4 88 ST Ao2 Besion D U AL AL

15.600cHe] WFTAA YHDE H2fSle] of 2208 kgl ABUAAE 54 R AAE UR2 DR 5 ¢ w Aoz B}
Rt Zﬂzih S "H B3 A dAETEN Y g AEFS AT 9 -9.43E+04 kg COrqeq 02 FJEUCH

FA: AeHAA, w3 AAx, B, AIgErt

1.4 2 Qo] W ABO] L& FA Ei ol - nEe Exow
2 ALET I ATHA FHase 24 AR

213 (vacuum insulation panel)i= 7 ]—‘—Q] FE AR (core material), E-X|(gas-tight envelope), SZ}A|(getter),
o] & Eg9Eeat 22 g vis| =t 92 B H3S Folof(protect layer) S5O0= FAETH1,2].
= AFStes AAE o] =3k 2oy 12 - A2 5 ARe 8 FAL/AE7KSilica) E= -92)4-8(glass
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A e PgHes fAshs 9 ook A 2
g2 AAPEE(Ca(NOs)), BHE(Ba), THe(Li)C=2H, 712/
TES AR Fdhe 5EE A=t B2 Folole Al

S EE Ho] YR AT AEE |46k EYA &
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g h(Fig. D[3].
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29, 2021 g 3l - YL oF 187,177E, 2022
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Fig. 1. Structure of the VIP.

22

HES 20% ol THohs 83 71 4= A 2HE = 800
El ool tigddarel F2 8= itk dES 20034
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5 FAAL 2A 4 - skt B =oji(door) W A-85h= Al
T A3 S7he AoE d=A QlH2,3].

ojxd, WA AN PN E w2 TERNS} oyA|
1aedlE FAo=w JNFHAA 9 o] R4 glon,
ARgo] S 7] DAY At 27 Aol &
o B2 ofgES F1 ok AFDIAE 2k HEEE
=240 s wh(shredding) 4-F, HAS F8 L
F24d-H(glass fiber) T ZEAE(glass wool)°] HIEE
Bl FAEHA FAE FRE IR Q8] Hide] |2
L/AA @go] WAL, Alske Zgo] raRslE o] Y
v 5874 dolzal= @io] ARt E3 Sl
7 A S SRS flsl BESdo] & BRE(Ba) BB (L) &
a2 T2 ARESRT ol2fdt £4E 294 34 vk3de] A
A s S A s 9 B8 7Kg WaEe: Al
7}, A9l fefds X102 Qlel vibHA] 5 ZdAe] Ay
37140] stEE 5 A A7l HshE 71t o SlEH6]

olgfel ZA o= Qlsfl, METHAAF b FAao o
o =94 A 349 7ol B astH, 11 BgolA sk
o] QbR QIA Rofigt 84EA Blold 5= Q= F
714 7Re] Bao] AIFel, B il M, B2
2 3} o S (dismantle manually)g 53] A7
o AEOAE A ST A9 W 2% BEa )
A7 Al o 2% 0z, FET % FEGH) A A OF 12
827t 285 Aor AT T HA, A
(manual dismantle) 4] 7]&0 2 @A sT/AI7E A9
X (recycling capacity)7} 7FsoFH7,8].
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T F2olkl= HEgaol AeHIAE 5T A IF
SEA W AAS] RS2 FIRE 2A 38T A 7R A

Fzoll A8 7FsdS AEsIglth 4 ATt Fizolk=
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2. TISTERY RiMz= ot

2.1. TSI IHHE AlLIE|L
2.1.1. =227 s

2 AT TS folo] IFEEA AAR AU RE H7
st AU = HEEd 8=, AR/AETBAY, EE
HAP & 3R FESI T 9REE FHE I AvdE
A7t e HIFiERY AF3HIAE 5ot GA=
Aelstltt. FAA R TA= O HIFL S/ A5
I W o R =11, @ AFEEA7E Wdd $R o
(outer plate)®] Aii(cutting) L EZ](detaching), @ YAl
ot} Habe AF3HIA uA|e] F2(separation) THAR
Tttt o, X3HEAA W uAi= Az B0 AAk
BSHA] STHFig. 2)[8].

2.1.2. THRIZ/MIS At

2 A 32 flote] U AeHEA ARTF Tl
dho}, Y= 2HE g AFdEA)= ol-&sto] AR Al
o= 7idslth. AAE ARSAEE dA= O Y523
T JAFHEA) AEEREEA E ARSRE D), © 98
£ AHARE: FH) 9= 4 0= AA(Core material) A
), ® A Az 9 u 2%, @ 33 2 B3} © ool
(&4), ® HAE/ZHALR ol

Az AlE BATEA RN HHTAHL G-OHAEA 2]
o AT YEEdERY ARE IFARA60T 5
DR &, 7 L IIAE T A2 SR A
UAE olgste] HA| AAE JAF/EZFAITI=E 4ol
(Fig. 3)[7.8].
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Fig. 2. Steps for obtaining reusable VIPs from
end-of-life refrigerator.

Fig. 3. Reusable VIPs cutting, core material drying
(160%), aging/maturation, vacuuming and sealing
(from the upper left, clockwise).
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2.2. MNX HZF &2
221, 0=

2 A7E B3 Ak AGAIR AFaAe] GHEgLS Al
A& FARRE0.002 W/m - K o8} T 19} 553 52
LIt &, 7oA A5E 5ol 98 d=s &89 4
%S Aoz TGt il jollA AAxE I
£ ol8oto] AR 283t AA| Al AT ZotEY] of
ot 28EE, 7MEASE W AR A5HERE 285
I, FIEANE /AT A FEH O o]FofFof

FFFEA AA(core material)Q] L8/ wl ZHOIA,
Aol dere 3 WRgto 2 AR &8 5 Y=
oS mAlsioit dy walolet Bl AQjog et
I AR EGADE A AEeR= APE A
k. 1 Axk, EeEE W EAsks o] Fetag/aE
A5t HoHA a7t S4(5H)HAL, HFA 0= Aok
Qe AFHAA) ARl EgHE o g Algo] ojEe Flo
2 W= lohFig. 4).
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Fig. 4. Test results for utilizing urethane and glass
wool as external-wall finishing materials (hardening
phenomenon observed).
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Fig. 5. Cooling box product and temperature
measurement results (left: prototype, right:
commercial product).
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T HHA(-0.30) oI5| Weawt fAlse Aes o
= chFig. 5). 9 A¥E EXE, AR 23] o
davt 9 A& ASE vlusiteie FEA0R 9
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3. MHIE TSHEMS| erEd

3.1, FEEA 8l g9

2 EA9 AL w4t XTI
ol-gsto] AAF AFLZ ] BAto] ThsSHEE, AL
SHAA ARG AP RS dEfst] S54 IS AT
o7 Z4 - F45k= bl Atk A BE7HLCA) 71HS &8
Sto] SAS A4S TPEoA SAIREZAI(ISO 14040:
2006, 14044:2006)5 Za15to] gol9} HHES AAsI3Th
[11,12].

2 AFolx= AagE7EE Bl AAZOIA HIEE A
o] ok} o]z QI tiAlaE BASIIE ol flsl, F4
ZE5ATAE(JRC, Joint Research Centre)of|A] TS 43¢
WR}=-5-4(CFF, Circular Footprint Formula) 2! PEF (pro-
duct environmental footprint) B'H=2S -85tk A7) 7
HE W AKE EE e 2Rol 2UsK: T4 A8l
gom, thil WYzo] Eho] et A BHe A8
AQITH13].

DT

o

R EEERELEE ZRERERED IR EEE EE RS
/7S] (Functional unit)o] et A€ Sagstoict. Hget
A} P e AgUas Seg AN
o, AZEANE] YE 75028 oF FEF WATE o)
KO AU WIALE) H/7E WA VS, AFe
G Ul A o AU Bo) AT el
ok 7 Auh B 1T A4 S48 AERaA SUL o
2,105 kg AT, ol 35 WFBAAE P
o

) ¥EH 9 UG 3H)A St FFE Tk
[2,8].

AZHEY HYELL APATE Farsto] Table 1] 7
ZotAH2]. & AFolME 771 FREE E= ARNER -
AE Aoz Hgstglon, ZHe] YuEd 9 vlgS Aot
At £ 24 AolAg] 7Es s HEda =4 - A
£ 39 YdEEdEITEEAY 32 AAxE B A
LA APk sttt 7sHeE AR g 1

kgQ & AA5ITHTable 1).
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Table 1. Components and weights in the vacuum insulation panel (VIP) (1 kg)

Material Proportion (wt.%) Weight (kg) Function
Al 2.0 0.0200 Outer material
SiO, 55.2 0.5520
Ca(NOs), 23.0 0.2300 Core material
Na,O 13.8 0.1380
Ca 5.88 0.0588
Li 0.06 0.0006 Getter/adsorbent
Ba 0.06 0.0006
SUM 100.0 1.0000 -

3.1.2. 24 AL 2 7Y

= A7) - AAARE A7 el E ) 9
SARNE B A7 Hake] 2A5e] AeHEAT W o
g sd F o AT 20239 VEeR oF
203,242 FE(FHR FAHEJS] oL A= s
SEAPTE W w3t o - AR EEA A o
HE Hsp] o, S| 2 AZ-BAE A A8l
o]FoiFZ Aol 7MEStAt

oA HPHALE A8k A-8AE = 5 1370 AF
ol FABIAL 203,242t FHIE S Lol A
P 739, ZE oF 15,600t E A8k Aoz 7SI
, AE-8AE 17 2ol Izt oF 15,600t] 5B
315 AZ-ERIAL 7HYstal, AR FA o= Sl Ths
GRS oF 32,838 kgO 2 FYTITHTable 2).
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Table 2. Information for weight of target materials
and scenario conditions for LCA

Material Weight (kg) Scenario/condition
Al 656.8
SiO, 18,126.6
- Number of collected EoL refri-
Ca(NOs), 7,552.7 gerators in Korea: 203,242 units/
Na,O 4,531.6 year
- Processing capacity of one recy-
Ca 1,930.9 cling center: 15,600 units/year
Li 19.7 - Recoverable vacuum insulation
panels (VIPs): 32,838 kg/year
Ba 19.7
SUM 32,838

Ql AZHEARE HIFIERE F|56k= Zo] o]t
I H7IE B3t A B Do E AeEAlE e
oA & 52U 71 - B9 A AU E AAE ¥
ol =3ttt

=59 S, AZBAEE 7R AFHIAY in(Y
I/out(E1) AU LE TSI 24 $75H32.838 kg)
Tt M 100 km, 11 t E3) 63)(2= 33)2 44
Fom, Akt goldS flot] XFHBA 24 S ton)
I} -2EA D (km)E Foto] ‘tonxkm’ T9I= 2AJSE F, 25
LCI DBE &85t AXlsHT

g IolA 2 A7ohdollA 23 ®9 Flow chart
+= Fig. 69 ZA|5] 7|&5t9t. 9= A2/ 2= 131
olgj £Af5lA| grom & 2x}EolE|(LCI DB)E EE515e
), JAZE B IA3HEA ARG AlvE| Qo] mE A
TS APoks o 85It 2A7EA HiEE AFES

A3l 25AECIE) B AA=(1AH olE) SAIE AH A

B9 gl

Raw material Manufacturing Transportation &
extraction ViPs Usage
Including Excluding Partial Including
(Avoided (emission)
emission)
End-of-life End-of-life End-of-life
5 - . (Refrigerator
(Final disposaly (Remanufacturing) Recycling)
Excluding Including Including
(emission) (emission)

Fig. 6. LCA Flow chart in this study.
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o ZPAFE o} B, A A= 7o) 15 A
AgHAA] A I FUBI AR AU 2L A
dolie Sasiglct thil WAoRE AT HE
Az Lo ‘BB AZTA o] AR B
g HEst FEsto] B ool HjAIstch

3.1.3. Gate—to—Gate H[O|E]

& AToA ] FUE(input)S AR ASTHIAAE ¥
sto] A, AR, 5 & FEEE 2575116 t
7I®Les AtsIRer, WiEEoutput) A A==
2E, BHE ARMESR, 4F1kE, olishta, ik, 2
Fo& At "RPVHRE dad] wE dEiEE
(output)Q] carbon dioxide (fossil), carbon monoxide(fossil),
dinitrogen monoxide, methane(fossil), nitrogen oxides,
NMVOCo|| tigt glo]EE APgsith(Table 3).

Table 3. Gate-to—Gate data information

Category Name Functional unit ~ Unit
In Vacuum insulation panel  1.00E+00 kg
In Diesel 6.09E-03 kg
In Tap water 7.61E-06 kg
In Transportation (inbound) 2.00E-01 tonxkm
In Electricity 2.10E-01 kWh
In Transportation (outbound) 2.00E-01 tonxkm
In Kerosene 1.90E-03 kg
Out Carbon dioxide (fossil) 2.04E-02 kg
Out  Carbon monoxide (fossil) 2.78E-06 kg
Out Dinitrogen monoxide 1.60E-07 kg
Out Methane (fossil) 6.65E-06 kg
Out Nitrogen oxides 1.42E-06 kg
Out NMVOC 5.59E-05 ke
Out Li 6.00E-04 kg
Out Ba 6.00E-04 kg
Out Na,O 1.38E-01 kg
Out Al 2.00E-02 ke
Out SiO, 5.52E-01 kg
Out Ca(NO3), 2.30E-01 kg
Out Ca 5.88E-02 kg

drEEE FRE AR A3TER AeigER(0.825
kg/L), S80.797 kg/L) 5 AT} oufx] =S 11
2{5te] 2-8313rH 14].

3.2.
3.2.1.

EA A 28 AIYE7HLCA) =4 T2
OpenLCA Ver 1.11.0(GreenDelta Al3)E &-8-519TH Table
[15].

A EZEA(life cycle inventory analysis) TAOA=
2 Aol st AFA/ARM7 e s g9RET
L Life cycle index(LCI) DBS E-A519]th & - LojA=
Ecoinvent Ver 3.8 &-8351310H, oJyX|, €<, 181l A
Az B4 BAT FROE Lol MR EAS K]
B}t Table 5).

W (electricity)®] A, Aol 228 35 5 ES
=t AHIE EYIZ /S DBE ARSSIYoM, 1 9 E=
S© S LCI DB 4] 9 /1SAIARES SAHE F55H]
S BHO M1 HEHWPT WL Holellolow
GLO)E BB

=0

3.2.2. HAUS EMH

& A7olAE =y AZBATE U ARE 7o, AT
SEAVE W HdEIE Ikt 15,6000 A S o 25
T

Table 4. Overview of LCA analysis in this study

Category Contents

Contribution analysis -
Product system Vacuum insulation panel
Reference process Remanufacturing

Reference process location Rest-of-world (RoW)

Product VIP
Amount 32,838.0 kg
Impact method IPCC 2007
Normalization & weighting None
Allocation method Defaults
Cutoff None
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Table 5. Life Cycle Inventory (LCI) analysis results (Ecoinvent 3.8)

Category Region LCI DB data name (kg(é\(glj-)e 9
Electricity KR Electronic, low voltage [kWh] {KR} market for electricity, low voltage | cut-off, S 0.69552
Diesel RoW Diesel [kg] RoW | diesel production, petroleum refinery operation | cut-off, S 0.44540
Kerosene RoW Kerosene [kg] RoW | kerosene production, petroleum refinery operation | cut-off, S 0.44582
Tap Water RoW Tap water[kg] {RoW} | market for tap water | cut-off, S 0.00102
Lithium (Li) RoW Lithium [kg] GLO | lithium production, market. Transport included | cut-off, S 77.96299
Barium (Ba) RoW Barium [kg] GLO | barium oxide production, market. Transport included | cut-off, S 2.37528
Calcium (Ca) RoW  Calcium [kg] GLO | calcium carbide production, market. Transport included | cut-off, S 4.52909
Aluminum (Al) RoW  Aluminium, primary, ingot [kg] RoW | aluminium production, primary, ingot | cut-off, S  20.69420

Sodium oxide
(Na0O)

Calcium Nitrate

RoW Sodium oxide [kg] GLO | sodium oxide production, market. Transport included | cut-off, S  3.55976

RoW Calcium nitrate [kg] GLO | calcium nitrate production. Transport included | cut-off, S 2.82334
(Ca(NOs))
SthOIl. dioxide RoW Silicon d10x1.de [.kg] GLO | sﬂlfson dioxide production, 196539
(Si0y) rough estimation. Transport included | cut-off, S
Transportation ~ Row Transport, freight, lorry 7.5-16 metric ton, EURO6 [1.00 txkm] 0.22236

A, 7159 oA 2A7EA HiEs giA|axto] wE
A AE5EAE A HEIIH.

715TolA Akt Axt, AA A T gl 71
(baseline) AL Q0fA 3.21E+00 kg COr-eq, A4 tiA&
I AU 0f4= -2.87E+00 kg COr-eq= AFEE|QUTE 9
AE &8st U oY ALEAES At AAxRF
(32,838 kgy 2-85to] ALEANE] AR I9IE2 B4E 5
st3irt

1 A3}, AHEEAE ] A7t 2A7EA viEsET AR A
A= 22 1.06E+05 kg COr-eq2} -9.43E+04 kg COqr-eq
2 AFEE|QItKTable 6).

AT EA HARE gt 75T 7]Hte = ghAH|ES
= A% A3}, BUE(input) 84 F SAHIEC] 7MY E &
28 A (1.46E-01 kg COs-eq), 25(4.45E-02 kg CO,-eq),
Z8{(2.71E-03 kg CO,-eq), S-H8.49E-04 kg CO,-eq), A
(7.80E-09 kg CO,-eq) A& <=0]Jc}.

U, HiESEAY8E0IA A A4k tiAlste] ehadiE
A5 7P F EE2 oKIBHFAN-1.08E+00 kg CO,-eq),
ZAE(-6.49E-01 kg COr-eq), ABPIESF(-4.91E-01 kg
COs-eq), TF1E(-3.31E-01 kg CO,-eq), Z(-2.66E-01
kg CO,-eq), 2] E(-4.68E-02 kg CO,-eq), HFE(-1.43E-03 kg

Table 6. Results of carbon emissions and avoided
emission for key inputs and outputs

Emission Av'oi('ied
Category emission
(kg CO,-eq/VIP kg)
Diesel 2.71E-03 -
Tap water 7.80E-09 -
Transportation (inbound) 4.45E-02 -
Electricity 1.46E-01 -
Transportation (outbound) 4.45E-02 -
Kerosene 8.49E-04 -
Lithium (Li) 4.68E-02  -4.68E-02
Barium (Ba) 1.43E-03  -1.43E-03
Sodium Oxide (Na,O) 491E-01  -491E-01
Aluminum (Al) 4.14E-01  -3.31E-01
Silicon Dioxide (SiO;) 1.08E+00  -1.08E+00
Calcium Nitrate (Ca(NOs),) 6.49E-01  -6.49E-01
Calcium (Ca) 2.66E-01  -2.66E-01
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Table 7. A result of sensitivity analysis for key
inputs and outputs

Category propoton (46 rnk
Silicon dioxide (SiO,) 33.95 1
Calcium nitrate (Ca(NOs),) 20.35 2
Sodium oxide (Na,O) 15.42 3
Aluminum (Al) 12.96 4
Calcium (Ca) 8.34 5
Electricity 4.57 6
Lithium (Li) 1.47 7
Transportation (inbound) 1.39 8
Transportation (outound) 1.39 9
Diesel 0.08 10
Barium (Ba) 0.04 11
Kerosene 0.03 12
Tap water 0.00 13

COs-eq) 0190t &, ¥4 75 Aol 78 2 92 &
2= 9l BAL o ABIFA(SIO,)EH] -3.624E+04 kg CO,-eq
9l Aoz EAEQI}.

Sh, AA) eAuiESS 7|22 7 94 A uiE 7]
s AmEY| 5 e BAS AARE AT, ghAulE
9] FF=It 7HY w2 B2 oJASNFAN(33.95%) 2 VFERT
o AARE(20.35%), ABRIES(15.42%), LF0E(12.96
%), Z(8.35%) E4o] FE oIt 49 7 EH gA
HiS 74 A= AA2 90%(91.02%) oV AHAIsH1 o,
9 AE ol IF3HEA el AME= HEEE A=
9 AArA oA ghadliEo] v WIS R 4= ATt
(Table 7).
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A, HPdguERE Ittt AFEEA= AAl(core
material) 2] A, (BB AX, XF 24, ol (&) 59
38S AA AArgo] 7t ATFIAHE A= 4= U
on, FHEE SHME AAET} FARE 52 0.002 W/
m- K $5& 53 4+ I

A, A= = JAFFIAE ol8st] STAIR] AELL
B3R AAEC = At At AlgolA] Haljsk= vt
ofo]AEFAH T TR R IFO] L4=/d3t A7 R|&Ado] o &
5 AoE FAE|Qich ok, A58 gz &84S
HESL] flsiils AA FAF AlS AR Aol Zolsto] i
Aol ddgd 4 AmE gHET Q) Qi

A, 2023 W AFHEA Fgao] W =S
203,242t 2 7Pgstal, olE S AHL-8AE 137] XFof|A]
ZkzF Yieo] A 2|(15,600T/AEN ST 7o 334 2
g At ik os A7t oF 32,838 kg AFHE
e Y ALEAEHANA 25 = QU lom, FFZoE
AAZE Sl A7F oF 94,282 kg CO-eq] FHAHARI B4
AEaNE WA & Qe ACE FHSI

YA, A7t AARIEA A FolA Z3aaA A
Az 34 5 @F-Ax AHlof et it M85 X9t
SR EFith= Aol EAsIE T AR AluE] e
2 Iuga FACR| B4 fIFE A4t a3E I
AR CR & 4= Qlrt 3 Atoli= mIEgt Hlole Y] &
B gl Mot df(allocation) &3l A A=/ H
o 5 e A7E 8= ofof T Aol

AF A}

This work was supported by the Korea Environment
Industry & Technology Institute (KEITI) through the R&D
project on the recyclability of non-recyclable products,
funded by the Korean Ministry of Environment (MoE)
(2020003090001).  Additionally, this paper was partly
supported the research work “BA2024-01”, funded by the
Korea Environment Institute (KEI).

References

1. The Business Research Company. Vacuum insulation
global market report 2024. The Business Research
Company: London (2024).

2. Park, J., Ko, K.T., Kim, S.D., Lee, M.Y., Hwang, A.,



W] A3 IA Az Al Aot g4 A5 AT A

Kim, K. Development of a vacuum insulation panel de-
tection system for end-of-life refrigerators in Korea: a
practical approach. Journal of Material Cycles and Waste
Management 26(3), pp. 1713-1726 (2024).

. Tao, W.H., Sung, W.F., Lin, J.Y. Development of vac-
uum insulation panel systems. Journal of Cellular Plastics
33(6), pp. 545-556 (1997).

. Phagare, M. Asia pacific vacuum insulation panel market
report 2024. Cognitive Market Research 1, pp. 1-200
(2024).

. E-cycle Governance. Statistical data on target manage-
ment system (Internal report, unpublished).

. Park, J., Yoon, S., Jang, C., Choi, J., Yoo, J., Lee, C.
Development of integrated recycling system for securing
recyclable availability of vacuum insulation panel (VIP)
2024 Domestic
Conference, 199, Sports park-gil, Daegwallyeong-myeon,
11-12 November 2020, p. 17

from the refrigerator. Proceedings,
Pyeongchang, Korea,
(2020).

. Park, J., Kim, Y., Kim, S.A study on the detecting tech-
nology for vacuum insulation panel (VIPs) in End-of-life
refrigerator. Proceedings, 2024 Domestic Conference, 38,
Sinhwayeoksa-ro 304beon-gil, Andeok-myeon, Seogwipo-
si, Jeju, Korea, 3-5 November 2021, p. 371 (2021).

8. Metropolitan Electronics Recycling Center. Development

10.

11.

12.

13.

14.

1.

of integrated recycling system for securing recyclable
availability of vacuum insulation panel (VIP) from the
refrigerator—Final R&D Report (2023).

International Standard Organization (ISO). ISO/DIS
16478:2023 Thermal insulation products — Vacuum in-
sulation panels (VIPs) — Specification (2023).

Korea Electronics Recycling Cooperative. A study on
the recycling of vacuum insulation panels in end-of-life
refrigerators (2019).

International Stanrard Organization (ISO). ISO 14040:
2006, Environmental management — Life cycle assess-
ment — Principles and framework (2006).
International Standard Organization (ISO). ISO 14044:
2006, Environmental management — Life cycle assess-
ment — Requirements and guidelines (2006).

EU Joint Research Centre (JRC). Suggestions for updat-
ing the Product Environmental Footprint (PEF) method.
https://publications.jrc.ec.europa.eu/repository/han-
dle/JRC115959 (accessed 27 September 2024).

Korea Law Information Center. Environmental Product
Declaration (EPD) Target Products and Preparation
Guidelines. https://law.go.kr/admRulLsInfoP.do?admRulld
=26196&efYd=0 (accessed 27 September 2024).
OpenLCA. https://www.openlca.org/greendelta/ (accessed
27 September 2024).

29






