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Global hotspots, trends, and future prospects of waste photovoltaic modules

recycling. a bibliometric analysis
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Abstract: The rapid development of the photovoltaic ( PV )-dominated clean energy industry plays a critical role in
achieving global carbon mitigation and climate targets. However, the upcoming large-scale decommissioning and disposal of
PV modules has emerged as a significant challenge to the industry’s sustainable development. Recycling decommissioned PV
modules is thus increasingly becoming a focal point in the renewable energy sector. This study provides an in-depth analysis
of the current status and evolving trends of the PV module recycling industry, focusing on three key dimensions, including
recycling technologies, impact assessments, and management strategies. Specifically, it (1) reviewed the state-of-the-art
PV module recycling technologies and management frameworks, identifying key challenges and potential future directions;
(2) synthesized research progress on potential pollutant emissions, ecological impacts, as well as the socioeconomic and
environmental benefits associated with module recycling and reuse; and (3) identified key issues in current recycling

systems, policy designs, and regulatory compliance, offering strategic recommendations for future research and the
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sustainable development of the industry. This study delivers valuable insights for promoting the life-cycle management of the
PV industry, planning circular economy pathways, and shaping standards and policies, ultimately contributing to the

sustainable development of the PV sector and resource recycling initiatives.

Key Words: photovoltaic module recycling; recycling technologies; comprehensive assessment; policy design; industrial

development and management ; sustainable development
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Table 1 Policies or initiatives for decommissioned photovoltaic modules recycling in various countries
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Table 2 Recycling process of photovoltaic modules wastes
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643 J A IIIEOR R 19.48% (B 2) , TESLIATE], M OCHFR AT T = A-Br B, Fov, 55 — B B2 S i 28 14
(2000—2011 4F,32 fif) , A& SCHAFHI ABHR (12.06% ) , A= i JELIIFAl s 70 31X — B B 1 on, e %'t
AR IRDSC X Yk 2 B8 R M) () 9 T3 Py 70 5 o BRI K 1 (2012—2019 4F,243 7)) 3818 I sk
(14.55%) , BLB BERIF 98 A8 £ AR B 2% 0 17 32 B2 G i AT 2 i R ) 7R 28 A RO ITAG 7 17 32 2 4T X [l i B4
2T PE 0 FIBOR R R 0 Lo PSR gE ' > 58 = B Bk il % JR 1) (2020 4F—2023 41,368 55 ) , LK
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Fig.2 Annual publication trends and country profiles
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FEZ AP, H—RER LR ERAFIEEFEGOCR K | I E A 2005 4 FiiH R B ER
LAE TSR A FHIESE 72 2020 48 7% SCR A B I, (HI AR & SCi R s . LU EARRIE Y 2 1 27 & 0F
XA, T A B AR AR AL AR T 0 i) SC I 2000 4F 2 1R 35 [ R R AT 4 v g SCIR R & T R 3R
FIZR SCR R 3R, 56 [ "8 112 U Y SCRR HY it 2 B AR B e 4, 28 2020 4F3A %) 17 45, o5 [F)AF BRI AT
SCHR H R B9 28.819% , {H I 2021 4 , 12 7R 12 AU Y i s /L, 31 2023 AFAUA R 8 Fei o 28 KA
A v [ ROCH) SN B EE A5 2GR [ 58 X 28 W R AR X UG AP B, 53 78 2012 4R 5 Mg b1 2, B
SCHR A A B IR R RS KRS, DUh ERIENEE i), o, 7 2008 4R T2 U018 SOk F B0
9 0,F 2009 4F 5 H¥E Progress in Photovoltaics |- & R HRHIECE' ™, [ 2012 4F# , o 243 26 1% 408 1)
SCHR & 3R A BB T A BT B3, 3 2023 4R C R R 130 e SCE AR B K R 27.19%
TMEPBERRER 2023 47 C R AR 49 T HISCHT L, AF 3 KR IK 13.68% ., 7 2017 4RI, B (O R i 4k
SCHR 3 5 (HAE 2017 4F 2 2023 4R [A] AR A SCHRBEINZE 7 %, JF 245 RS K g H, M TE5OIRRE
Fl 2000 4RI i FHBEBASGIR M, v BN [ ) i IO AR B A [ 5K FRE TR 4351 T 2009 48
12010 4FATTUGINE . 1005 FEEDCRAUF AP X F5 di oy 25 4F, FPENPR[E 3] 2030 4F AR A7 KRR
PO B A SRR B B, BAE GO RIEM2 5—10 48, PRI, AL 580K IR A 2 AR FUAE 12 4508 1) BIF 5 F1 K
SCrp AR B A (EATE R AR, BEE GIR ™ A AR B B, MR B 22 AR5 % [ S Il X T 465G
TR LA 1 [DSORN A P2 AR PR IRT A, 0 2R R 0. | i S U AR D 85580 24 AR T 32538 W R A DG 9T, 3 S 3SR
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PLEZSEE AN A5 5 PG B2 A L 74 2 H Al [ 8 2 R FAE i U Y e SO 2009 4F RS & 3G 0, AR 15
ik 38.07%,
2.2 ¥R

AR SO ZER 2 1) A B X B G AR 2R A RIS SRR B 8 27 B SUBRIEA T 4 A1 437, LA SE S5 # s B SO G AR 2R
DSR2 B Rl & R ) S 1 . 4 2R R, 643 Je i SCLAL 4G 55 e BRI (R 3) 126 4 DMERE
(K3) o HRESCORA A DR A H BTS¢ 2R hAE AR IR PR RE R R (LB R S22 B} B0 KA Y)
Beop Mkt Rl 8, o, Physical Science (H #AR}EA ) SEREAEIX G A 45 £ S 007, o5 HEZY 0 80.2%
H— 2R G , 1E CEE DA TE Energy & fuels (BEIR-S544K}) (267 &) .Green & sustainable Science &
Technology (4x M2k K B2 51 AR ) (168 Ji ) | Engineering, environmental ( T2 %% (385) ) (150 Fi) |
Materials science, Multidisciplinary (#1827 ( Z%BL2EE) ) (141 4) Physical Science ( F 28 4) (108 5% ) 1
AMRZDAFERI T 3B AR P AE U R AR (A & O R SR AT SO . H 2009 A K SRR
LA IS o SC o BV SR A K ik — SRR 3(b) TR BUC A . JEHAE 2020 4F )5 4% 4 35, Uk
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Technology ( RSB 5HA) SERE G L 15.92% (223 ) , H 2020 4EEIZHERE & SO BB AR K B
5% FEAETTE Environmental sciences ( FREERME) B (211 ) , Bt & S0 HiZ R 94.62% , M OCHE 5T
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Table 3 Discipline distribution
. iy BRBUE . ;
sent S R ety s
Cluster Discipline o Year
publications
2 g
i%% %L%‘ . Multidisciplinary sciences 9 2016(1),2019(1),2021(1),2022(3),2023(3)
Biology & Medicine
Ep gk Automation & Control systems 1 2017(1)
Physical Sciences Chemistry, inorganic & Nuclear 1 2020(1)
Chemist Hidiscinlin: 1 2013(1),2014(2) ,2015(4) ,2016(3) ,2017(1) ,2018(3),2019(2),2020(4),
emistry, multidisciplinary 2021(3) .2022(6) .2023(5)
Chemistry, physical 12 2013(1),2017(3),2020(1),2021(1),2022(3),2023(3)
Computer science, hardware & Architecture 2 2008(1),2017(1)
Computer science, information systems 2 2018(1),2022(1)
G science . interdiscinlinary
omlput?r science, interdisciplinary 6 2014(1) 2017(2) .2018(2) .2023(1)
applications
Computer science, theory & Methods 3 2018(2),2021(1)
Construction & Building technology 9 2013(2),2015(2),2018(1),2021(2),2022(1),2023(1)
Electrochemistry 1 2023(1)
2000(2),2001(1),2002(1),2004(2),2005(1),2005(1),2008(1),2009(4),
Energy & Fuels 267 2010(4),2011(6) ,2012(7) ,2013(14) ,2014( 10),2015( 12) ,2016(11) ,2017
(15),2018(23),2019(15),2020(30),2021(30) ,2022(34) ,2023(43)
Engineering, aerospace 2 2023(2)
Encineeri hemical 46 2012(2),2013(1),2014(2) ,2015(2) ,2016(4) ,2017(1),2018(4),2020(3),
MEIMCeTing, CREMIC 2021(8),2022(6) ,2023(13)
Engineering, civil 6 2013(1),2015(1),2019(1),2021(2),2023(1)
Enpineeri leetrical & Electronic 59 2008(1),2011(1),2012(7),2013(2),2014(3),2015(2),2016(6) ,2017(3),
nemeering, clecirical & Bectrome 2018(14) ,2019(3) ,2020(5) ,2021(8) ,2022(1) ,2023(3)
Frgineeri . l 150 2009(1),2010(2),2012(7),2013(7),2014(5),2015(2),2016(5),2017
rgtnesrinig, environmen (11),2018(8) ,2019( 18) ,2020( 10) ,2021(22) ,2022(26) ,2023(26)
Engineering, geological 1 2019(1)
Engineering, industrial 6 2014(1),2018(2),2019(1),2022(1),2023(1)
Engineering, manufacturing 5 2017(2),2018(1),2021(1),2022(1)
Engineering, mechanical 3 2010(1),2014(1),2018(1)
Engineering, multidisciplinary 11 2003(1),2012(3),2018(2),2020(2),2021(1),2022(1),2023(1)
2004(2),2009(1),2010(2),2011(1),2012(3),2013(4),2014(5),2015(8),
Green & Sustainable science & Technology 168 2016(7),2017(7) ,2018(24),2019( 11),2020( 16) ,2021(15) ,2022(31),2023
(31)
Instruments & Instrumentation 1 2021(1)
Materials science, characterization & Testing 2 2017(2)
Materials science, coatings & Films 5 2001(1),2013(1),2017(1),2020(1),2023(1)
Materials science, composites 3 2018(1),2021(2)
2000(1),2001(2),2002(1),2005(1),2008(1),2009(2),2010(2),2011(2),
Materials science, multidisciplinary 141 2013(8),2014(2),2015(4),2016(6),2017(8),2018(10),2019(5),2020
(18),2021(20),2022(25) ,2023(23)
Mechanics 2 2011(1),2022(1)
Metallurgy & Metallurgical engineering 18 2015(1),2018(3),2019(1),2020(3),2021(1),2022(5),2023(4)
Nanoscience & Nanotechnology 11 2016(1),2018(3),2020(2) ,2021(1),2022(2),2023(2)
Nuclear science & Technology 2 2023(2)
Operations research & Management science 2 2022(1),2019(1)
Optics 1 2017(1)
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St S BRWE g mn
Cluster Discipline publications Year
2000(1),2001(2) ,2002( 1) ,2005(1),2008( 1) ,2009(2) ,2010(2) ,2011(2)
Physics, applied 108 2012(3),2013(7) ,2014( 1) ,2015(2) ,2016(7) ,2017(7) ,2018(8) ,2019(4) ,
2020(12),2021(15) ,2022( 16) ,2023( 14)
Physics, atomic, molecular & Chemical 2 2017(1),2020(1)
Physics, condensed matter 13 2001(1),2010(1),2013(1),2017(2) ,2020(2) ,2021 (1) ,2022(3) ,2023(2)
Physics, fluids & plasmas 1 2023(1)
Physics, mathematical 1 2017(1)
Physics, multidisciplinary I 2023(1)
Polymer science 3 2020(1),2021(1),2023(1)
Telecommunications 5 2008(1),2012(1),2017(1),2018(1),2020( 1)
Thermodynamics 8 2011(1),2014(1) ,2017(1) ,2018(1),2019( 1) ,2022(1) ,2023(2)
Transportation science & technology 1 2013(1)
DSR2 Economics 5 2000(1),2010(1),2014(1),2017(1),2021(1)
Psychology & Social Environmental studies 36 2000(1),2010(1),2013(1),2014(1),2016(1),2017(2),2018(1),2019(1),
Sciences 2020(2),2021(8),2022(10),2023(7)
Geography 1 2013(1)
Regional & urban planning 1 2013(1)
Urban studies 1 2013(1)
R S HA Biodiversity conservation 1 2018(1)
Environment Science & 2000( 1) ,2004( 1) ,2009( 1) ,2010(4) ,2012(8) ,2013(7) ,2014(8) ,2015(4) ,
Technology Environmental sciences 211 2016(8),2017(14) ,2018(9) ,2019(22) ,2020( 12) ,2021(29) ,2022(37) ,2023
(46)
Geosciences, multidisciplinary 2 2011(1),2019(1)
Meteorology & Atmospheric sciences 2 2014(1),2022(1)
Mineralogy 2 2013(1),2020(1)
Mining & Mineral processing 5 2020(1),2022(3) ,2023(1)

23 EREEIT

H 2000 4Lk, A 68 AN E 8 (Sl X)) Sy B OCARZH A 1T e il i s AN TR DTk . 7R 643 e SCRR R, [
FAVERSC 454 5, 5 BE01 70.61% , 7] W, R IZ SRR Z8E KM G EECN Y], K 4 R T2 58806
PREA 1T ST 5 1) 1R 52 (B IXC) (] 1) 5 25 0 25

TERFSE STHREE D7 T8, 7325 PR, R 2558 i W (314 F) AN (305 5 BUZE# 58 ( £ 4) o 7
HIRE, Btk SCEARA T = E AR E (130 371 2379 W) (3R (109 G, HpEE] 4049 ) (B
KFN(61 5, Feph5] 3266 1K), X EB[EFKHFFT L 5 I AR | IS R A PR BT 52 PPAl 235 al A4 A
B R T, Hodr, R E (127 W0 FSEE (118 YR B B85 5 180 v i e v T HA R 5%, U i g
B3, IR RAERBIE B N Z AT, A, RS E ELE PR (TLS =48, 5 21 MEEG1F) &
[ (TLS=47,5 19 MEZAAE) KE(TLS=44, 5 19 MEEEE) FEGRR KR EBURIBEE
2.4 SCHERIRIST

P ORI IL B 43 AT T, recycling (9638 ) | life cycle assessment ( 4424 JE #4347 ) | silicon (fE) | recovery
(VK ) il management (45 ) SEiR R 30K (K 5)  TEL MU IR 2SS IR GAR AL A4 [mT i 453k 88 /1~ #H
K KA IIE L 6 DA FE R RIER B (£ 5) .
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RCRAE MEEEERE
o 125 0
O 26—55 1—5
O 56—75 W 6—10
g () 76105 E T
R 31—40
5000 ki 0 0106—130 —r
4 EERUMEXEMSERER
Fig.4 Cumulative number of publications and cooperation intensity
x4 EMEXEMESIERESITR
Table 4 Number of publications and total link strength of each country/region
1A M P Rt R el 5 Ak TR
No. Continent Country Total publications Cited number Total link strength
1 KM RKFIIE 60 1565 36
HvE 3 72 2
2 el BRA 61 3266 22
i 47 1293 47
PPEF 28 616 22
| 22 1399 28
b 21 467 7
7 17 413 19
LA A 15 368 15
i B 13 672 6
faf 22 12 480 18
Fiig it 11 237 11
i+ 10 371 21
T R 9 41 0
AT 8 126 8
71949 7 184 7
7%= 6 116 5
P 5 159 5
L E 4 6 1
Wrig R 4 227 4
TR 4 165 5
T il 3 231 5
Ll 2 6 2
% 2 27 1
FETH 30 1 10 0
CEER 1 227 4
L) Eh| A 1 0 0
3 T H 130 2379 48
i 49 624 9
i 34 1238 13
H A 27 575 19
=P SN 9 592 9
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Frs bl P Fit g B EIRIG SRR
No. Continent Country Total publications Cited number Total link strength
B 7 140 3
%[5 6 434 7
T HH 6 77 4
AL 5 307 4
i 5 77 2
FaT iR P 4 474 7
28 3 198 4
B3 pE| 3 0 4
BRI TAE! 3 15 4
KR 3 187 5
ENEE e P 2 16 1
VL3 2 13 0
iy 2 113 4
b Ny 2 35 0
BRI 1 1
e 1 1
T 1 1
4 eS| g 17 674 11
el 2 47 2
Z N i 1 0 1
5 Jese eS| 109 4049 44
Yl 5 49 1
(W 1 5 1
RARE 2 1 31 1
6 FEU Bk 6 380 10
AR 3 6 2
Bl 7R B 1 29 0
ALK 1 0 0
JEE ¥ 1 9 1
JE HFE 1 6 1
*x5 XBRBELSHR
Table 5 Keyword clustering distribution
, -t
R B WA Pt T
No. Research topics Research methods Cluster Keywords
or software
Ag, copper, counter electrode, crystalline,
6 43 BT ) 4 XA i delamination, efficiency, electrodes, fabrication,
1 BAOGR A RCGAESNT 2 FRME BE RO 1 halide  perovskites,  hydrometallurgy, lead,
AR AT R BARF AT EhE R A lithium-ion batteries, nanoparticles, performance,
W) Mimiksh 4 FIRESHEESE silicon, stability, sustainability, thin film,
toxicity,, upcycling
Adsorption, cadmium, cadmium telluride, cigs,
concrete, extraction, gallium, glass, indium,
2 kinetics, leaching, mechanism, printed-circuit
boards, recovery, reduction, removal, separation,
tellurium, water
Behavior, degradation, EVA, impact assessment,
3 pyrolysis, recycling, reliability , reuse,
technology, thermal treatment
4 Aluminum, cost, energy payback, greenhouse gas

emissions, system, time (n=6)
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N . ELT RN ; N
R s W5k Pt B X
No. Research topics Research methods Cluster ~ Keywords
or software
PR B D) Amorphous-silicon, chemical treatment, circular
Ny E oo PTEE - , s
) gggi[’?,;f gg gﬁ; EE Jﬂu %ﬁ?ﬁig GaBi B {4EF1 SimaPro 5 economy, consumption, design, forecasting, life
%ﬂ%ﬁ%ﬁ* A Hf\%ﬂ ;; ;:/ M 4 A cycle assessment, model, optimization, renewable
FIL s energy, reverse logistics, storage, supply chain

Barriers, carbon, challenges, China, climate
change, crystalline silicon, economic feasibility,
6 energy, environmental impact, human health,
industry, management, metals, pathways, policy,
power, power generation, simulation, strategies

B5 Xt oimE

Fig.5 Keyword co-occurrence analysis

2.4.1 BECRA AR

ARAE AR A A 18 Ao 1 =5 30 3o ) B AR R A RV JE 400 | SR BB 3 0 4 8 A AR A5 o o AR i
PRI 0 5 Ik FE AR i e Ak 2R b B B S B ot R — ROk UL, W B Bk 40 B 6 SRR R4
FREEH/INY) | Rt i KRERE O B SRR L, T Ak 2 b B A RCR B 1 | Il i 4 B R 2 &2 | REAS DL ekt kb A 2t
WE AL AR 2l 48 0 AR LA R B AR A TG | A6 2w BRAT [l T 2 AT A4

(1) DARHEBC R =20 B 3R T2

XPRAE AR A 48 2 ) (B8 | LI -BETR LG AL Wy ) R4 @ 2 Wy (40 Rk ] VR RN 4x ) 45 24 T
JE T 6 AR A2 AN [R) [l Ak A 5, A A 2B W, % 3 o U (40 T ) e e 2 o T A I W 1
90% """ | HELA B 2R BRI L DRI, SREBORI [l ik 86 w8 A (R h 28 56 J 22, {HL 7 4 J Ak B 0 o )
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I AP L S PR R S A I R e R S s A S Y SR Ak 27w I S8 NE N (295 1 BZ - VS 1 e
55— SEREANSE AR ST b, O S E B IR A A R P R PR RN R R ) B, 255K TE W B2 1
FEARFRAAL GEHAR B0, 4 E L B G AR RN F S A /K A b 3 85 38 v/ TR 28 AR HE Tk
HLWE T B A PR A LR 2 ks ) L AR 122 RO ikt g R I SO AR A BH A R b B SR
HB RS 520, UM A YR, eAh, Huang 250 1) FH I AR gk AR RN 92 A OEL A 00 56
AN RS AT AT 43 it A DU, BT A5 380 1) 4 S AN AR B K BHBEA 7 M 9 Sk e, HL L TP 25 110 457 3 JET3
TR R U R, X e TR TR VR A AR O R SR RIS T s AR v 2 B R R
[TREE AR

SR, S 52 Py B AL B TC 56 4 4 2 Bl B R Rk, S 4 BRI 4 s 48 A AR, 30 e 2 DL TBC & A% 1Y) 73 i 452
Vi, R, Al b Bt b o B G [ S 3R e © A B T 2 e i 2 k200 5 T2 o 4 R 2
JRHOT Xt e 2 R S R A O A A R U AR R 2 R AR A R R RN BT S R R IR R B
B A R AR vk A B R AR O AR T T LIS R mICRE 96% UL R A @A KL, (E(EAS R
PR , AR 8 3 B B T EL AT AN 2 P, 53 B e R vt T Bty SR Bt AR, , A2 E AT TR BU) TR
SR, FE RO B e AR ], DU ER AR A R M b kLB [T , SCREAS A5 e /Mb . Horp A
2 MU FH A R AN S S A B A BRI RS, (s P 5 W 1y o 2038 R TR UL B2 T 25 Bt S S e J 2 i ik
F i A 2R 2 A el R R e S (R K BE T 4B 1 4 €5 3 125 357 DMPU (C H,, N, 0) 1 DBE
(Cy Ha0,,) AT B CAR AP AR 2 XS AN 24 T REAE , L HA O B PR

(2) SR ISR FNFR AL HE A [FIGR A SGR 4144

BT AR AN B AL B AR AE AR LA [ B4 07 FH D XS PR 858 52 ) T R 0T 92 7 28 — S P A 5
FER . PAAb T R RE A% 7E T A s R A T oA AL T, FE GRS B [l S AR rh gl iz i A ik )
SEE AT B IR R 2SR TR Y (EVA) BT T & EAL EVA BRI &AL DLE T4
fig 2 X AR G AR AL (RIS 17 VS 1, B0 v A Tl A AR R 3 38 A A e [ e 7 A £ T A B R
Mg /NS 20 RRAR T AT R HE R

IR RI] 78 500°C IR EE T 47 30min B, BEA AL L BRI 99% 1 EVA, 5281 91.09% 1) K FH AE
b R AT 2 S RE AT AR A B A A kR D) AT A )
[l Hs, 243501 R B e SO R R IR BR B R ], %o SR A B R B AT T 22 0 1 A 4 R ANBI 8T, 155, Doni 2514
P R H A BRI 2 [ PR | A R A B AR SR S B B T EVA 153, X — 2 R AN A Ak B[]
Fo Ak 27 b B ), TR S Ak 1 PR LUK A 2 3 R A TRk 33 R 3 S PR AN [ ) T B B B
PEATIOSSS) AR — B, AR BE I G AR 4L, A 040 A 35 AOR B 2 bR T 5 S A0 B 658 B
B, T mBRLEE AR SR AL b & J@ PRI 43 B8 X R 5 B RIE 1 B AR 0 S Pk e R 45 4 s 1 v 4
FEA AL R,
2.4.2 OBARIIE AN RN Z4E 52 PEAS | BOR AU 5T

C A RE M R R A I AR (B2 8 S BA R R AR P B 4 iR B s g K
SR AT T Bt — 2D BRI IR A =R IR L AR R Gk r LSO BRAR R, 45550 HLAERERISE S
SETERY SR | X AR AR IR IO AT B4, 3 a2 B R N A O R T AR R el Ak B
D7k P R DL ]S R TR Sealh AT 4 A A R SRR VR AR i Tl K 8 AR | A R A
ARSI LR G VPR RER | DL i LBOGAR ™ b A v [ SO R A BE IR ARR | A A8 PR R A i e 1) S AR
SR, 3 17 A SR 754 T A i R %) B 5 W0 R 45 0 A A Ak Y A PR R b ek /L R 0 7 A R
TRIHFE , BART] 43 LIRS =348

(1) A CARA R B 25 -5 % L

AERICARAR K T2 A s 2 0000 2 1 7 50 28 [l A 38 e AN IS T [ A R s Y S AR i, T B ] A BE VR ALY
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(IRENA) FlEPRAEIEE (IEA ) XF A AIBBOGR B E AT 1M & B, H 2030 4E3 2050 4F 4 BRIE OB R 4 - 7
SR R E TS, #2050 A E HEDE B YEAR R B 22 1 2K (1350—2000 7 ), Hik R S
(750—100 J7 t) , HA(650—750 J3 t) FIENJE (440—750 J3 t)  [R)I, tLAG 2% X & B R AT AN [) 4 45y IXC 8] il
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x6 RREFWETMER
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Table 6 Photovoltaic module waste streams forecasting results

EPEE

B2 i

A SCHRCR TR THFFE X [f] i s uihill i . I i T
Country/ K - o Major waste flow Lo
Year References o Study period Waste projection . Recycle projection
Organization analysis
2016 EFRAT AR 2k —2030 4F 170—800 J7 t
H R E g 1] —2050 4§ 6000—7800 J t
2018 Santos Z5[130] AT 2020—2030 4 10 it
—2050 4 70 J7 t
2019 Dominguez 251317 B 2030—2060 4F 980 Ji t . 44% 1. 1816t
£.32% 40m
Tk 18% 51073t
H.5% 5515t
B.0.4% #2010t
B.0.1%
—2040 4F 130 7 t
—2050 4 550 J7 t
2019 Mahmoudi 21°0) WHRFI I 2031—2047 4F 817941t B4 Jm bR 608302t
2048—2060 4 100—800 J7 t 4 :340.9t
W42 FIRFIR 40 1 124978t
HEWI 299
S 38660t
Jofh 41 . 76363t
2020 LGl H —2050 4 64623 7 t 4E.3134.51,
T.228.1t
55,4634t
1%.58.5
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