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IEA PVPSDHEER

IEA PVPS: Photovoltaic Power Systems Technology Collaboration Programme
Mission: to enhance the international collaborative efforts which facilitate the role of
photovoltaic solar energy as a cornerstone in the transition to sustainable energy systems

IEA Governing Board

Committee on Energy Research and Technology (CERT)

Photovoltaic Solar Heating m Hydrogen
ower And Coolin PACES
: aSCIOVEIES 2 Technology Collaboration Programme
— Task 1 Strategic PV Analysis and Outreach

— Task 12 PV Environmental, Health & Safety Activities / PV Sustainability
— Task 13 Performance and Reliability of Photovoltaic Systems

— Task 14 High Penetration of PV Systems in Electricity Grids

Task 15 Enabling Frameworks for the Development of BIPV

— Task 16 Solar resource for high penetration and large scale applications

—Task 17 PV and Transport
— Task 18 Off-Grid and Edge-of-Grid Photovoltaic Systems

MIZU'IO Copyright (c) 2019 Mizuho Information & Research Institute, Inc. All Rights Reserved. 2
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IEA PVPSEME (274 E +5#89) ‘

A SolarPower
v Europe

i SEPA

sOiar SBCIC powerT amsnciaton

Copper Alliance™
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IEA PVPS Task12: PV Sustainability

O%E m
Subtask 1: Recycling

Subtask 2: LCA
Subtask 3: Other sustainability topics

O ZhE
XE(EZERE) . BX. v @B. 8@ . A —X U7 FA—XAK) 7.
RIWVFX— TR AV AR ARLY  R)T—T 2 RAL R,

SolarPower Europe
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IEA PVPS Task12: PV Sustainability

O Subtask 1: Recycling
<UBADILBEEME - REL> <'J"ﬂ'/(7b?3'iffﬁf';ﬁ%§)]ﬂ>

a DS IRENA

AT

End-of-Life Management of Photovoltaic
Panels:
Trends in PV Module Recycling Technologies

._V;z:’,

END-OF-LIFE
MANAGEMENT

Solar% Photovoltaic
[y4PRanels

Report IEA-PVPS T12-10:2018

% |EA PVPS website (http://www.iea-pvps.org) &Y 4 ™ O—K A &g
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IEA PVPS Task12: PV Sustainability

O Subtask 2: LCA
<LCAHARZA4> <LCIT—3&%&>

IEA INTERNATIONAL ENERGY AGENCY

IEA INTERNATIONAL ENERGY AGENCY

-

Methodology Guidelines on Life Cycle Life Cycle Inventories and Life Cycle
Assessment of Photovoltaic Electricity Assessments of Photovoltaic Systems
31 Edition

Report IEA-PVPS T12-08:2016

Report IEA-PVPS T12-04:2015

% |EA PVPS website (http://www.iea-pvps.org) &Y 4 ™ O—K A &g

MIZU'IO Copyright (c) 2019 Mizuho Information & Research Institute, Inc. All Rights Reserved. 6



IEA PVPS Task12: PV Sustainability

O Subtask 3: Other sustainability topics
<Human Health Risk Assessment (HHRA) Methods for PV:
®ER AT 45 F iR ET >
-Part 1: Fire Risks (20184F)

-Part 2: Breakage Risks (20194 % &) “:”%“:f:gvz“mt
-Part 3: Disposal Risks (20205 % &) '

=fmaa =

-P. Sinha(First Solar, USA)

-G. Heath(NREL, USA)

- A. Wade (SolarPower Europe)
K. Komoto (MHIR, Japan)

% |EA PVPS website (http://www.iea-pvps.org) &Y 4 ™ O—K A &g
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Human Health Risk Assessment Methods for PV: (Part 1) Fire Risks

O E=-BHI
" KEAERENRESNT-EYTRENELERIC. KIEEMED2—ILIZEFR
NOAEMEDORBEFICKLGEE -VRINBEEZIND,
"BRFFEMETIILERAVT, KKRERFICTEESNSIKREGEMED 2 —ILFDE
EMEEEZE I AL 3L RA~NDRAE-RE. RAVRVZFHET S,
SHKIK, RIKICKD T HE) ~NDERE., P ~DIL#E - REZFTHET 5.
O 770—F
B REDA—IL(RREEYE)
— #&eSi(Pb) . CdTe(Cd). CIS(Se)
r RI[ADRERIZE I ST
— USEPA Gaussian plume model: SCREENS3
e A DY EIZ R 9 4T

— Dilution-Attenuation Factor (DAF) 7 7O—F (USEPAHELE)
Ref) IEA PVPS Task12, Human Health Risk Assessment Methods for PV Part 1: Fire Risks, Report IEA-PVPS T12-14: 2018
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Human Health Risk Assessment Methods for PV: (Part 1) Fire Risks

O mirteSf (B, MK, HNK-FK)

mw LI

B TR 1,000 3,400 10,900

. EJEETE 100 2,500 10,000 m?2
ER~Ti% 10 X 10 50 X 50 100X 100 m
BYas 4 4 4 m

A B E 50 50 50 kW/m?2
A R E 5.00E+06 1.25E+08 5.00E+08  J/s

K- SHARIK 1,000 25,000 100,000 L

7K Rk 79 79 79 cm/4E

Ref) IEA PVPS Task12, Human Health Risk Assessment Methods for PV Part 1: Fire Risks, Report IEA-PVPS T12-14: 2018

MIZU'IO Copyright (c) 2019 Mizuho Information & Research Institute, Inc. All Rights Reserved. 9
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Human Health Risk Assessment Methods for PV: (Part 1) Fire Risks

O AlREH (KiFEMEDS1—IL)

mw LI

EYHE  EREE 2,500 10,000

Eo1—/LEE 1.6 m2/$5l
ta. TV —ILEE 63 1,563 6,250 B/
ief==N]

PrERE 13 g/t

PbiR H 22 (KK 4.6 CHIAIK)0.016 %

EDa—ILETE 0.72 m2/#%
cdTe ED 21— ILIE 139 3,472 13,889 /&Y

CIEE= 6 g/

CAtH 2 (RK&)0.57 (GHXKIK)0.01 %

EVa—)LEE 1.2 m?/#
cis ED 21— )LIE 83 2,083 8,333 /WY

SeBHE 5 g/

Se it i & (K&)0.1.7 GHKIK)0.17 %

Ref) IEA PVPS Task12, Human Health Risk Assessment Methods for PV Part 1: Fire Risks, Report IEA-PVPS T12-14: 2018
MIZU'IO Copyright (c) 2019 Mizuho Information & Research Institute, Inc. All Rights Reserved. 10



Human Health Risk Assessment Methods for PV: (Part 1) Fire Risks

O BijiR % (Screening level: K& HEE)

AEGLs (Access Acute
Exposure Guideline
Levels) : U.S. EPA

Cd
:AEGL-1
:AEGL-2
:AEGL-3

PAC (Proactive Action
Pb. Se Criteria) : U.S. DOE

:PAC-1~3

"REBRBAARSAULANIL. FEEVEOLRICHT HRERE.

National Advisory Committee for the Development of Acute Exposure
Guideline Levels for Hazardous Substances (AEGL Committee) [Z&kYKTE
-[AHLNFEREYMEZEIRLLE-EAUSEMEZXREL. TIHDIEH-
NKGEDEHPLBEARKE . HAVWEEHICE > TRRFICHESN-FEY
BOREPRZBICIOBERESTITHT OHCEEET HEHL,

-5DMDIRFEFH (105 . 305 . 1R, 45, 8B DTN T NITHLEES
NAHREFEELIEBEOL AL (BIREMNSAEGL-1, AEGL-2, AEGL-3) 25348,

WHhRPBTTRRLAJL T, BRFHEOF VR EO=DABIZE LT REAS, K
EPERDBERICHADOLBVNAFMEEEZERSELIER P RERIE,
LDFEX. BRDETICZIILELT —FHTREDRIEICKYEE,
WHRSTEFLAILIT, ARISHBENORMPFAENHIVFEELGR
HEEDERNET H2ERPRERIE,

WHhRATHIELANILIT. DEBOEGIBNSNIBESLE, ILHEETD
EmAET HERTEERIE,

* AEGLASERPGH R ESN TULVELVMBEIZCDOWT,. B D FETHHEI(E

Temporary Emergency Exposure Limits (TEELs) ZE&H ,
-RBEFHEOBTEIL6057,

FhFN.,AEGL-1~3IZHE4,

X AEGLsD B AREFBIX. BN EEREBMEEMZERT (NIHS) IZKDHAEGLIEHR (BERIR : http://www.nihs.go.jp/hse/chem-info/aegl/agnote.pdf) kY,

Ref) IEA PVPS Task12, Human Health Risk Assessment Methods for PV Part 1: Fire Risks, Report IEA-PVPS T12-14: 2018

MIZWHO
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Human Health Risk Assessment Methods for PV: (Part 1) Fire Risks

O R (KIRP~DRRE) : #58Si(Pb)

B e ()
Small 0.23
Pbﬂ%ﬂillﬁg .
Medium 2 0.4 0.2 0.04
(EYFRER)
Large 2 0.6 0.3 0.1
PAC-1 150 150 150 150
Screening level PAC-2 120,000 120,000 120,000 120,000
PAC-3 700,000 700,000 700,000 700,000
c-Si PV
_ 1000000
© E 100000 | == == o= o= - - - - - = - — = -
T 5 10000
Lo 1000
g e 100
5 10 :
g 1 100 o
g b 0.1 ¢ ") [ )
£ g ' e
% 0.01
s 3 0 100 200 300 400

Averaging period (min)

® Small building fire ® Medium building fire

® Llarge building fire == a= PAC-2 screening level

0.09
0.02
0.02
150
120,000
700,000

500

(Bif1)
ug/m3

ug/m3
ug/m3
ug/m3
ug/m?3
pg/m3

Ref) IEA PVPS Task12,
Human Health Risk
Assessment Methods
for PV Part 1: Fire
Risks, Report IEA-
PVPS T12-14: 2018

MIZU'IO Copyright (c) 2019 Mizuho Information & Research Institute, Inc. All Rights Reserved. 12
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Human Health Risk Assessment Methods for PV: (Part 1) Fire Risks

O HBR(RKIJHFADREE) : CdTe (Cd)

B e ()
“““m— (i)
Small 0.02 0.01 ug/ms3
Cdﬂ%’*ﬂl,&ff{ .
Medium 0.2 0.04 0.02 0.005 0.002 m3
(RIRALR) he/
Large 0.3 0.06 0.03 0.007 0.03 ug/m3
AEGL-1 130 130 100 63 41 ug/m3
Screening level AEGL-2 1,400 960 760 400 200 ug/ms3
AEGL-3 8,500 5,900 4,700 1,900 930 pug/m3
CdTe PV
_ 10000
BE 1000 ™ - ---— e — — =
s w0 [ - T TT==-
1_3 ® 10
=ar 1 |@
& % 01 @ : °
€ 5
SE oo ¢ : . Ref) IEA PVPS Task12,
% § ooot Human Health Risk
s 8 0 100 200 300 400 500

Assessment Methods
for PV Part 1: Fire

® Small building fire ® Medium building fire RiSkS, Repor‘t |EA-

® large building fire e a= AEGL-2 screening level PVPS T12-14 2018

Averaging period (min)

MIZU'IO Copyright (c) 2019 Mizuho Information & Research Institute, Inc. All Rights Reserved. 13
——



Human Health Risk Assessment Methods for PV: (Part 1) Fire Risks

O HBR(RKI[HFADRERE) :CIS(Se)

B (9)
10 | 30 | e | 240 | 480 | (fi)
Small 0.09 0.02 0.01 0.002 0.001 ug/m3
SeREUEE .
Medium 0.02 0.004 0.002 0.0005 0.0002 m3
(RYIRAER) he/
Large 0.03 0.01 0.003 0.001 0.0003 ug/m3
PAC-1 600 600 600 600 600 ug/m3
Screening level PAC-2 6,600 6,600 6,600 6,600 6,600 ug/ms3
PAC-3 40,000 40,000 40,000 40,000 40,000 pug/m3
CIS PV
_ 10000 @ o - - - - - - - - - - - - -
‘® A 1000
g § 100
2
35 01 |e
= £ oo e S e
2 £ o001 - H . Ref) IEA PVPS Task12,
% § o000t Human Health Risk
S © 0 100 200 300 400 500

Assessment Methods
for PV Part 1: Fire

® Small building fire ® Medium building fire Risks' Report |EA-

® Llarge building fire ~ == = PAC-2 screening level PVPS T12-14: 2018

Averaging period (min)

MIZU'IO Copyright (c) 2019 Mizuho Information & Research Institute, Inc. All Rights Reserved. 14
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Human Health Risk Assessment Methods for PV: (Part 1) Fire Risks

O #ER (LIE- M TIKANDILERE)  #E&Si(Pb)

BN ==y
| smal | Mediom | large | (Hifi)

TiE 0.15 1.06 1.32 mg/kg
Po¥L = B
T ok 7.3E-06 1.7E-04 4.4E-04 mg/L
TiE 400 mg/kg
Screening
level* #h K 0.015 mg/L

A FH KR FIE 0.015 mg/L

& Screening level: United States Environmental Protection Agency (USEPA), Regional Screening Levels (RSLs) - User's Guide, 2017

<zti&E> c-Si PV <#FK> c-Si PV
1'000.00 _ 0016
____________ % 0.014
= : 0.012
o 100.00 2 :
£ - 3 — 0.010
c 2 o =
8= o 5 0.008
" a 1000 =%
L 5 g 0.006
= s =
9= i 0.004
5 1.00 |5
8 . g 0.002
0.10 — Small building Medium building Large building
Small building Medium building Large building s Exposure Point Concentration
I Exposure Point Concentration == = Risk-based Screening Level == == Risk-based Screening Level | Maximum Contaminant Level

Ref) IEA PVPS Task12, Human Health Risk Assessment Methods for PV Part 1: Fire Risks, Report IEA-PVPS T12-14: 2018
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Human Health Risk Assessment Methods for PV: (Part 1) Fire Risks

O #ER (LIE-t TIKADILERE) : CdTe(Cd)

B = ey
| smal | Mediom | large | (Hifi)

i TiE 0.01 0.06 0.07 mg/kg
CALERE
#h T K 4.9E-06 1.1E-04 3.0E-04 mg/L
TiE 71 mg/kg
Screening
levelX #h K 0.0092 mg/L
N H KR FE 0.005 mg/L

& Screening level: United States Environmental Protection Agency (USEPA), Regional Screening Levels (RSLs) - User's Guide, 2017

<xtE> CdTe PV <#TK> CdTe PV
100‘00 ———————————— | . 0.010

T e em e em e e e o - = -
]
‘; 0.008

— 10.00 i .

3 g

- © o 0.006

[eTe]

< g 1.00 £3

E S g téo 0.004

= o s =

c £ 0.10 ©

g = 5 0002

< T

5 ] :

0.01 g 0.000 —
Small building Medium building Large building Small building Medium building Large building

0.00 I Fxposure Point Concentration == == Risk-based Screening Level

I Exposure Point Concentration == = Risk-based Screeninglevel = ...... Maximum Contaminant Level

Ref) IEA PVPS Task12, Human Health Risk Assessment Methods for PV Part 1: Fire Risks, Report IEA-PVPS T12-14: 2018
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Human Health Risk Assessment Methods for PV: (Part 1) Fire Risks

O #BER (LE- M TKADILFRE) : CIS(Se)

B ==y
| smal | Mediom | large | (Hifi)

- = - 0.01 0.04 0.05 mg/kg
SRR Hh R oK 4.49E-05 1.03E-03 2.69E-03 mg/L
TiE 390 mg/kg
f;\::;?i”g T K 0.100 mg/L
2 FH KR EIE 0.050 mg/L

& Screening level: United States Environmental Protection Agency (USEPA), Regional Screening Levels (RSLs) - User's Guide, 2017

<tiE> CISPV <#TK> CIS PV
1'000.00 . 1.00000
____________ 3
©
— 100.00 2 TR0 00 S ———
5 B sessssssssssssssssesesssssesssassssssess
: £
E = 10.00 @ — 0.01000
= =T+
23 c g
g 1.00 c @ 0.00100
- [e] E
g E S £
o 0.10 @
c = 0.00010
S @
: =
S 0.00001
0.00 - Small building Medium building Large building
Small building Medium building Large building I Exposure Point Concentration == == Risk-based Screening Level
I Exposure Point Concentration == = Risk-based Screening Level | L..... Maximum Contaminant Level

Ref) IEA PVPS Task12, Human Health Risk Assessment Methods for PV Part 1: Fire Risks, Report IEA-PVPS T12-14: 2018
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Human Health Risk Assessment Methods for PV: (Part 1) Fire Risks

O F&o
-KKIZKYELFS. $ERESI. CdTeB LU CISKIFEME S 21— ILEF#EIRET HPb, CdBE LU Se
DRAIZKDBERE)RVIEAARSAVIZEDONT-FEKIYE/NELY,
- Pb, CAB KU SehVHEARIKEELIZHEITILTEL ., TIEPORTKIZHERIL TLKIEIZLDURY
(. HARSAVIZESOON-RRIELYB/IILN,
UL DFERITHERSI, CdTeB XUCISKEEMED 12— ILICEFEINSPb, CdBXUSelZD
WTOMERTHY . R LBEDES 31— ILOEREREZANRELTLBED TIEALY,
"EONDAEEMERIEHALDD . BEFDOFFMFiE. Bl{EZ AL f=Screeningl&. Ki&E it
EVA—IILDRBEVRVZTFM T D2FEELTEMTHS,
O T HEEMER
- RRFADRER. BA
— ETILOHE(EREZOHRM)
— R[UPADRELLER, BYRE -5 -BRK. BREFDORTE
— REFRIOZ LM
- T1E | T AKANDIEEL
— FHMmEARE () EE&HEBE (L) DEE

Ref) IEA PVPS Task12, Human Health Risk Assessment Methods for PV Part 1: Fire Risks, Report IEA-PVPS T12-14: 2018

MIZWHO
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AXRICETAXREBEHMES1—ILBAHEERDOEEH

O RETEREIISHBRAEXICILHBHAREZER
(REE THRLSFEFRAFEEATRIRIL T —FREDOJI—X-UFAUL
REREZEXFHES. FR265E3R)
FRERIR IR (<B5mm) (FFEEXESE KUV TERE
SRR AEIIIEDFIBIZ A>T DTHAH., HERRIKDIER A &
[CHEILLT=AEMGL, ATRERRY FERIC K D7 fF - B E 1T o1 1RITHE
W2
AERIERICOVT. EEMUEEFBTRAICKSR A - XL CA - SRS
FDEITNBOEELLLER
—Pb, Cd, As, Se: LV 1$0.3 mg/L
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AXRICETAXREBEHMES1—ILBAHEERDOEEH

O HERHER
Pb, Cd, As, Se, Sh, Te@at A EHEIN-EL1—ILHY
-—EDEL1—ILTPb, SeDBFHENEEEFEB
—SelZDWTCEMHEBRDFER. HEZTMEDS
SRBEAE A TR L TR BEICNASOENE LB AIEEE A HY . SEEIZELTIE

AEIADE

- T ik
 se | sb

B SSI ~1999 0.01~0.13 <0.01 <0.01 <0.01 <0.01 6
2000~2009 <0.01 <0.01 <0.01 <0.01 0.04~0.09 6
2010~ <0.01~0.01 <0.01 <0.01 <0.01 <0.01~0.12 9
)N 2008~2013 <0.01~0.15 <0.01 <0.01 <0.01 0.04~0.09 9
ZHEmSI BN 2001~2005 <0.01~0.08 <0.01 <0.01 <0.01 <0.01~0.19 12
2012~ 0.01~0.42 <0.01 <0.01 <0.01 <0.01~0.07 6
)N 2012~ <0.01~0.90 <0.01 <0.01 <0.01 <0.01~0.17 15
SEIRSI EW 2008~2013 <0.01 <0.01 <0.01 <0.01 <0.01 9
A=ty ER-Es  2007~2013 <0.01 <0.01~0.13 <0.01 <0.01~1.1% <0.01~0.06 9

XBMEEBRERMELI-ECH, SelFHEICDUNT, 2) 0.02~0.11 mg/L, b) FRELRF LT ~0.01 mg/LELVSHER,
Ref) BRI A : FRSFEMAFHEAMRERIFILT —BRDU IR - UYL REREZERBRES . FR6F3IALIVER
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ABERMED 1—)LBHEHEBROBREERTTEDBRE B

O BRIKERLTTIEDH
REIZH T HREFAFEHI LY

<Water jet> < Mechanical coring> < Strip cutting>

(Photo Credit: Arizona State University)

Ref) Electric Power Research Institute (EPRI), Solar PV Module End
of Life: Options and Knowledge Gaps for Utility-Scale Plants,
Technical Update Report, Dec. 2018

Ref) A. Patankar et al., Assessing Variability
in Toxicity Testing of PV Modules, 46t IEEE-
PVSC, Chicago, USA, Jun. 2019
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ABERMED 1—)LBHEHEBROBREERTTEDBRE B

O BIAERAAICK DA HERERFE R D LLER
-FEmSIKBEEMED 2 —ILIZDVWT ERAENELGLIRER (LT hBER (I
DWTHAHABRZEZEREL. TOIRRELLER
-ABR T IE : U.S. EPA Method 1311 TCLP
-HENGHER - Water-jetlC&KHRIKIE . SEHERFER D /NFDEH/NSLY

<Mechanical> <Water-jet>

= Manufacturer 1 » Manufacturer 2 = Manufacturer 3 = Manufacturer 1 * Manufacturer 2 » Manufacturer 3
18 6 Labl1 @
a
s =1 O OUTLIER b1 @ .
Lab 1 “a el e EPA limit
Lab 2 £ 14 lab2 @ o
- - E
3 y % 0.750 - 12 _— 4
o o= 1512 o -
E 101 ot Y10 3
= o=0783 ] - e 3 —
1 500 b
3 {pF 443 o o 0=0.3478 0=0.1132 :
S - = ” .
£ Y g 6 N ¢ 5 20 =0.6957 20=0.2264 o=1.2963
3 54 o240 8 T e T EPA limit a 20=25927
E »u "\v‘. 280 L4 E :77- — E
= g T < _ E—— s Jo=148 g1
L 2| o=06011 0=427 -
0.308 . t 20=296
02079020291 20 =1.20233 20 = 8.55
© [Cormalivbralcsrinaliybralcormaliyba conmolayon] . -
Coring|Hybrid |Coring|Hybrid |Coring|Hybrid |Coring | Hybrid . . - N cpe ) . N
s | c | 5 [ = Fig.11 (a). Lead amount in modules of three different manufacturers Fig.11 (b). Lead amount in modules of three different manufacturers

for the waterjet approach with outliers (2 samples per module; 4 o the wateriet anproach wi v (] e .
Fig. 1. Lead amount in modules of four different manufacturers for atenet approg (2 samy ! for the waterjet approach without outliers (1 sample per
modules per manufacturer)

the mechanical approaches (4 samples per approach per module) module; 4 modules per manufacturer; only Lab 1)

Ref) A. Patankar et al., Assessing Variability in Toxicity Testing of PV Modules, 46th IEEE-PVSC, Chicago, USA, Jun. 2019
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(B35)BMHITHRIEEERIA

O Ex
"WEEEIZ&KYKBEMED2—ILDY1—R-)HAF)ILHETFIE
-CENECELIZ &Y. #EHA#% N (ZE89 B Standard% % & (TR = THaE A 1F4LY)
"EUTAYIOMIEKY . KIGABRESATLDSA7H AV IILIRIBEEZETMD A % iR (GLE
IW—IL)EERTE
- KIEHFEES X T LiEEco-design. Eco-labeling®D xR &9 diEmEEiET

O X
- SEIA(Solar Energy Industry Association) M3 EZEY 0O | IZ[A (F =B Y A% E i+
-NSFAI Sustainability Leadership Standard for Photovoltaic Modules 1% Rk - 22 Bd
SKBEMED2—IILOFRLAGHEORHREATRERDO . ERIKRICKYSOXDTEITL.
HEBICKDIRE - FREICREELE-EHROHK-WE HEBICKSRE - FiMEICEEL
=& A OERZRE

IR THEE ADIFELN, CDstandardER—XR (2, KIBARBEXEPEATO X R ET S
sama min T E
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Bhylc

O RRRZFIMZ, KEGARBEDSATFH AN ERL-IRIERZE - VR I OFHE.
ERRNEICET SR GER CIBEANE RSN TIND,

O KEBAREREDRREZELCIRAVFFEDREMRIIFELGEND, V) —U75
MEL T, B PIRVZH/NMNRET 5= DGR HEA DBETH S,

O KEEAREREVOREREICHEAS-ODIRYMBAHFEZFATERESNTL
HECATHAHD ., EHHAORITHRICE TS EGIEE (B -HlEF) %
BHICEZDWENDH D,
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