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Recommendation 1 | Follow 
circular economy principles Recommendation 2 | Adopt digital 

materials passports to improve data 
standardisation and traceability

Recommendation 3 | Prioritise 
design for disassembly, reuse, 
durability and recyclability

Recommendation 9 | Create 
specific regulations for PV panels 

Recommendation 10 | 
Investment in research 
and knowledge exchange 
opportunities to tackle 
end-of-life of PV panels

Recommendation 7 | Develop 
partnerships and second-hand 
market support

Recommendation 4 | Mitigate 
early loss scenarios and 
extend lifecycle of materials

Recommendation 5 | Explore 
partial repowering and 
cannibalisation strategies

Recommendation 6 | Explore 
reuse potential and second-hand 
market opportunities

Recommendation 8 | Improve 
recycling processes and 
technologies

Roadmap for the 
Photovoltaic Industry
Recommendations to help tackle end-of-life challenges

PV Panels lifecycle to create a cicular 
economy

The PV industry, government and researchers need to 
work together to achieve these recommendations. If we 
tackle the challenges that affect the end-of-life of PV 
panels now, we will be able to build a truly sustainable and 
brighter future. 

Early loss recycling loops

Digital Materials Passports

Second-hand markets, e.g. domestic use, 
universities, hospitals, community hub
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Recom
m

endation 1 | Follow
 circular econom

y 
principles
Prom

ote industry accountability and circular 
practices: (1) Introduce clear regulations and 
targeted grants to m

andate end-of-life planning and 
support circular practices across the PV sector, 
(2) Follow a revised waste hierarchy, adapted for 
PV panels, prioritising reuse, rem

anufacturing and 
refurbishm

ent followed by recycling and energy 
recovery, (3) Consider decom

m
issioning plans and 

circular strategies from
 the early stages of solar 

farm
 developm

ent, (4) Encourage m
ultistakeholder 

participation in policy developm
ent, (5) Integrate 

the consideration of Environm
ental, Social and 

Governance (ESG) outcom
es within end-of-life 

solutions, (6) Collaborate across the supply chain 
to drive effi

ciencies and enhanced transparency, 
accountability and value retention. 

Recom
m

endation 2 | A
dopt digital m

aterials 
passports to im

prove data standardisation and 
traceability
The PV industry and governm

ents should create 

and im
plem

ent a digital PV M
aterials Passport (M

P) 
to enable data standardisation, transparency, 
custody of m

aterials and Lifecycle Assessm
ent 

(LCA) accountability without com
prom

ising technical 
innovation.

Recom
m

endation 3 | Prioritise design for 
disassem

bly, reuse, durability and recyclability
The PV industry should invest in design innovation, 
consider the Life Cycle Assessm

ent (LCA) of a 
PV Panel, (1) Develop holistic technical solutions 
that consider end-of-life m

anagem
ent and support 

m
aterial value retention (enabling reuse, reparability, 

durability and recyclability through design), (2) Adopt 
eco-design principles and techniques (e.g. avoid 
the use of m

aterials that are diffi
cult to recycle and 

rely on the use of fossil fuels to produce - such as 
EVA and POE, delam

ination solutions).

Recom
m

endation 4 | M
itigate early loss 

scenarios and extend the lifecycle of m
aterials

M
anufacturers and recyclers, supported by 

governm
ents and research partnerships, should 

(1) Explore synergies and opportunities for 
collaboration, e.g. establish feedback loops 
between different m

em
bers of the supply chain 

to facilitate the identification of challenges and 
the developm

ent of potential solutions, (2) Share 
recycling facilities am

ong m
anufacturers, (3) 

Develop technologies to support reuse and 
recycling, (4) Suggest policy support for warranty 
tracking and predictive m

aintenance.

Recom
m

endation 5 | Explore partial repow
ering 

and cannibalisation strategies
M

anufacturers and recyclers should create research 
partnerships and business m

odels to enhance 
m

aterial recovery rates and reduce waste. 
Supported by m

aterials passports, the PV Industry 
should create a centralised digital spare part hub 
to facilitate the exchange of second-hand PV panels 
and extend the life of solar farm

s.

Recom
m

endation 6 | Explore reuse potential 
and second-hand m

arket opportunities
The PV Industry and governm

ents should 
collaborate to facilitate second-hand m

arket 
opportunities, (1) Develop reuse and repair 
infrastructure, (2) Expand upon reuse within the 

W
EEE Regulations and create a specific standard 

for second-life PV panels, e.g. dom
estic use, (3) 

Create third-party certifications that can prom
ote 

m
arket transparency by confirm

ing product quality, 
(4) Create financial incentives to stim

ulate the reuse 
m

arket.

Recom
m

endation 7 | D
evelop partnerships and 

second-hand m
arket support

Strengthen early, cross-sector collaboration and 
partnerships across the PV value chain, particularly 
between m

anufacturers, recyclers, policym
akers 

and academ
ics to: (1) Scale up reuse and repair 

infrastructure.

Recom
m

endation 8 | Im
prove recycling 

processes and technologies
Invest in the current PV recycling processes and 
technologies to: (1) M

inim
ise environm

ental im
pact 

and m
axim

ise m
aterial recovery rates, (2) Inform

 
disassem

bly, reuse and recyclability, (3) Inform
 and 

support Extended Producer Responsibility (EPR) 
schem

es.

Recom
m

endation 9 | C
reate specific regulations 

for PV
 panels

Strengthen and clarify PV specific regulations: 
Policy m

akers should update/revise the W
EEE 

Directive to m
ake it m

ore specific to PV panels 
and related regulations to: (1) Reclassify panels 
as business-to-business waste, (2) Require early 
end-of-life planning and support high-quality 
m

aterial recovery, (3)  Enforce Extended Producer 
Responsibility (EPR), (4)  Define standards for reuse 
versus recycling, (5) Create a regulatory and 
financial environm

ent that encourages innovation 
in recycling and the growth of the second-hand 
m

arket, without burdening com
pliance.

Recom
m

endation 10 | Investm
ent in research 

and know
ledge exchange opportunities to tackle 

end-of-life of PV
 panels

The UK governm
ent should provide targeted grant 

funding open to both academ
ia and industry to 

research under three m
ain categories:  1 - M

aterials 
(1a) The LCA of PV panels from

 extraction to 
disposal to enable the m

ost sustainable solution 
to be identified: environm

entally friendly, financially 

viable, socially equitable, (1b) Further advance 
recycling technologies to facilitate a circular 
econom

y and recover valuable m
aterials; 2 - 

System
s and digitalisation (2a) Digitalisation of 

the PV sector by im
plem

enting m
aterial passports, 

developing system
s using AI and digital trackers, 

(2b) Im
proved transportation, handling and storage 

of solar PV panels to avoid dam
age and early failure; 

3 - Business m
odels and design (3a) Alternative 

business m
odels and m

arkets, (3b) Alternative 
design of PV panels, considering Design for 
Disassem

bly. The PV industry and governm
ents 

should provide worldwide standards, regulations, 
and policies that enable m

aterial custody 
throughout the supply chain and provide dedicated 
guidance for end-of-life solar assets.

C
losing Rem

arks 
Solar panels don’t just deliver clean energy; they 
also have the potential to contribute to a m

ore 
sustainable and circular use of m

aterials. Striking 
the right balance between producing renewable 
electricity and m

anaging resources wisely is one 
of the key challenges the sector m

ust now tackle 
collectively to strive towards an all-encom

passing 
vision of sustainability.

U
K

 Policy C
on

text

The end-of-life of PV panels in the U
K is 

currently regulated under the W
aste Electrical 

and Electronic Equipm
ent (W

EEE) Regulations 
2013, the U

K’s im
plem

entation of the EU
 

W
EEE D

irective (2012/19/EU
), w

hich w
as 

designed to reduce the am
ount of electronic 

and electrical w
aste going to landfill and 

to prom
ote reuse, recycling and recovery. 

These regulations place the responsibility for 
recycling PV panels on producers, m

eaning 
m

anufacturers and im
porters. They are 

required to be part of a Producer Com
pliance 

Schem
e (PC

S), w
hich ensures proper 

collection and recycling of panels.

The U
K is currently w

orking to ensure that the 
increased volum

e of end-of-life solar panels 
is m

anaged sustainably and doesn’t becom
e 

a significant w
aste problem

. Aligned w
ith the 

w
ork developed by D

ESN
Z (Solar roadm

ap: 
U

nited Kingdom
 pow

ered by solar), the 
recom

m
endations presented in this paper are 

intended to inform
 the governm

ent’s policy 
am

bition and help industry and researchers to 
define their priorities to tackle the challenges 
that affect the end-of-life of PV panels.
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