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Solar energy is a key renewable energy source in our toolbelt
for tackling climate change. In the coming years of increased
solar projects, it’s time to deal with solar site waste to improve
solar energy installation sustainability. The scope of solar
installer responsibility is moving beyond the act of solar
installation into a broader picture of business sustainability. As
Environmental, Sustainability, Governance (ESG) accountability
tightens, solar site waste management and the old model of
landfilling site waste is becoming a thing of the past. Solar
waste experts foresee that global market pressures and solar
waste volatility will continue to grow. Waste-conscious
practices on solar sites will become standard operating
procedures for those who wish to remain competitive in their
industry.

This is why we have developed a comprehensive approach for
solar installation site decision-makers as a method to become
better at managing waste. There is currently no one-size-fits-all
approach to solar waste management, as every site is different.
However, there is a general schematic that any solar site
manager can overlay their particular set of goals, challenges,
assets, and demands. This report will highlight future solar
waste projections, the increased demand for better waste
practices, and the solutions for delivering a more sustainable
solar project that includes a better waste management
framework.

 
“Waste from end-of-life solar panels presents opportunities to recover valuable materials

and create jobs through recycling.” 
 

- Environmental Protection Agency, Solar Panel Recycling
 

EXECUTIVE
SUMMARY
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INTRODUCTION

Over the next 10 years, solar installation in
the United States is expected to quadruple
from 19 GW to 76 GW. Coupled with
legislation and tax subsidies to propel solar
energy, this growth estimate by the Solar
Energy Industries Association (SEIA) is
admittedly modest. Factor in the rapid
development of more efficient, cheaper
panels and the declining efficiency of existing
panels, a recipe for mass replacement is in
order. 

The economic potential alone for early panel
replacement has set the stage for exponential
growth, as seen in Figure 1. 

We’ve developed this report to share our 10+ years of commercial and

industrial solar installation experience and its impact on solar site waste

management. We recommend this report to all solar installation decision-

makers that aim to be successful in their role and take the lead on solar

site waste optimization for their facility and for the solar industry as a

whole.

End-of-life PV recycling systems and
management have only just emerged in the
last five years yet are still not fully mature. In
the first-ever PV waste volume projections
delivered by the International Renewable
Energy Agency (IRENA) and the International
Energy Agency

2

GLOBAL SOLAR PV GROWTH

WASTE PROJECTIONS &
MANAGEMENT ISSUES

Photovoltaic Power Systems Programme (IEA-
PVPS), it was estimated that recycling and
refurbishing solar PV panels at the end of their
life could recover 78 million tons of raw
material by 2050 worldwide. The value of these
materials alone, not including other recovered
items from a solar installation site, exceeds
USD 15 billion. 
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Graph source: Harvard Business Review’s The Dark Side of Solar Power, 2021.
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Once a site is commissioned, the current
industry standard in the U.S. is to send most,
if not all, waste materials unnecessarily to
landfills. The waste management issues are
not just about the steep volume of solar
panels but the incredible heaps of other
waste materials required for installation like
crates, cardboard, bolts, and plastics -- all of
which currently have active recycling streams
that are largely underutilized, if they are used
at all.
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ESG GROWTH

The volume of panels and solar site waste
includes packaging materials reaching a
breaking point and one that the solar industry
is finding difficult to solve. Recycling of all
solar waste materials, including packaging
and site waste, requires that the industry
come to full maturity and account for all
materials in the process from the beginning
to the end of life and beyond replacement. 

Sustainable financing is becoming remarkably
more astute. ESG Reporting is taking business
accountability to elevated transparency levels.
Investors are becoming less interested in
sustainable reporting fluff and demanding
measurable impact reporting with verified
renewable energy and waste metrics. Since
the majority of PV projects require some
degree of investor capital, solar installers will
have to meet waste diversion requirements
sooner rather than later. Project-wide
sustainability disclosure as a requirement will
become an increasing trend until it is either
the norm or the law. 

In March of 2021, the Securities and Exchange
Commission (SEC) announced its efforts to
enhance Climate and ESG transparency for
investors by instating a 22 person Task Force
Division.

This SEC announcement solidified a new
enforcement path for ESG reporting and
corporate sustainability goals, as they will no
longer be left to ideals but require action
backed by proof. Developers will soon take
heed to the ESG reporting model as solar
project waste will become a full scope issue
that needs tending to 

“Proactively addressing
emerging disclosure gaps that

threaten investors and the
market has always been core
to the SEC’s mission. This task
force brings together a broad

array of experience and
expertise, which will allow us
to better police the market,

pursue misconduct, and
protect investors.” 

- Kelly L. Gibson, Acting
Deputy Director of

Enforcement 
 

both in reports and on the ground. 
Integrating effective ESG models for
renewable energy means increasing the level
of sustainability for fully commissioned
projects by increasing the level of importance
on recycling and waste diversion
mechanisms.
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WASTE MANAGEMENT
PRINCIPLES ON SITE

Historically, the U.S. solar industry has
operated on a linear solar PV model. Projects
are the focus for fulfilling renewable energy
goals for thwarting carbon emissions. Waste
management from solar projects, on the
other hand, is the sustainability can being
kicked down the road. Waste has become an
afterthought, and while some facilities
voluntarily recycle PV panels, others toss
them in the waste bin along with other highly
recyclable or reusable materials. 

The single state in the U.S. to regulate PV
panel recycling is Washington, with their
Photovoltaic Module Stewardship and
Takeback Program Chapter 70.355 RCW.
Other efforts are popping up around the
country, like California who in 2020 gave solar
panels the universal waste designation,
encouraging a shift from the linear model.
Niagara Falls County also implemented new
laws whereby solar panel manufacturers are

required to detail a plan for recycling end-of-
life panels. The EU maintains 95% PV recycling
rates under the Waste Electrical and
Electronic Equipment (WEEE) Directive.

SOLAR SITE RECYCLABLE MATERIALS
As solar installation projects quadruple, waste
and recycling efforts will surmount. It’s not
just solar panels that will require appropriate
and streamlined recycling and refurbishing
efforts; it’s the entire project that requires
waste management efforts. 

Broken Panels
Part of the business in a solar installation is
dealing with broken panels. Whether by
accident, incident, or weather, sometimes
solar panels break. When possible, they can
be refurbished or reused, or they can be
deconstructed and recycled. 
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Wood Pallets
More reusable, robust, and recyclable
innovations for solar panel delivery pallets
are currently in the works. For now, wood
pallets continue to be the primary source of
structure for transporting panels. The
recycling rate for wood in the U.S. is about
17%, about 3.1 million tons per year. The
primary source for wood pallet recycling is
mulch. Most wood pallets on job sites either
get reused or go to the landfill more often.
Solar industry improvements can improve the
recycling rate in the U.S. on wood pallet
recycling.

Paper
Paper on solar sites can pile up quickly. But
before a dumpster rollout becomes the final
decision, considering how easily paper and
paperboard are recycled in the U.S., at a rate
of about 68% or 46 million tons per year, all
paper on solar sites can be diverted from the
waste stream and reused or recycled. 

Cardboard
Cardboard is a major source of waste on solar
sites. Yet, it’s one of the top recyclable items
on a site. Cardboard is easy to recycle and
actively gets recycled every year at a rate of
almost 70% in the U.S. There is no reason any
cardboard from a solar site should ever go to
a landfill. The system of recovering cardboard
in the U.S. is robust and, when used, can
improve waste reporting by elevating waste
diversion efforts. 
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Glass
Glass is 100% recyclable. Though residential,
single-stream recycling in the U.S. has largely
eliminated glass recycling options, solar site
glass can and should be easily recycled. The
glass produced on solar sites is primarily from
panels, and the increase in systemic solar
glass recycling can help increase U.S. glass
recycling rates overall. 

Metal
Metals on a solar site mostly come in the
form of highly recyclable aluminum.
According to the Aluminum Association,
aluminum is so great as a recyclable that 75%
of all aluminum that has ever been produced
is still in production today as a result of its
easy recycling process. According to the EPA,
the total recycling rate for aluminum in the
U.S. is about 34%. Solar site aluminum always
has a recycling place to go and should never
be sent off to a landfill. Other solar site
metals or “special metals” come in smaller
quantities of silver, tin, lead, and copper, all of
which have a recycling avenue to be
reclaimed in.

WWW.GREENCLEAN-SOLAR.COM
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Concrete, Gravel, Dirt
Construction and demolition debris such as
concrete are among the biggest drivers of
construction waste. Concrete doesn’t have to
go to landfills; it’s easily recoverable and can
be ground, crushed, extracted, melted, and
incorporated into “next use” materials and
products. Gravel and dirt have many options
before sending them off to a landfill, including
reincarnation into the landscape - even if it’s
not on your own project. 

Plastics
Plastics on solar sites come in many forms,
from shrink wrap to soft and hard plastics.
When there are so many types of plastic to
sort through, it’s easy to think a landfill
destined dumpster is the best option.
However, there are many recovery options for
solar site plastics. Plastic waste diversion is on
the rise, and while your team might not have
the time to sort, a hired professional can help
you easily get rid of the waste while taking
care to sort out recyclable plastics versus
non-recyclable plastics. 
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SOLUTIONS TO SOLAR SITE WASTE
Solar energy is a crucial energy source for
humanity. To keep solar energy clean, it’s time
to address our waste issue. The unique
feature of solar site waste materials is panels,
and the rest of the common waste materials
found on a site can and should be easily
addressed. Incorporating General Motors
Landfill-free Blueprint can help any size
company rearrange how they tackle solar site
waste. Running a solar business that is future-
proof means incorporating these types of
waste management practices now. General
Motors is a beacon of waste innovation, and
its blueprint can be downloaded and adapted
to companies of any size. 

SOLAR PANEL REUSE
Reusing panels keeps them out of landfills. If
the panel is still operational, this is done by
either direct reuse on another site or selling
them for another location. If the solar panel
requires some touch-ups, they can be
refurbished and go to a secondary market. In
the U.S., this secondary market is only just
beginning but is expected to grow. Where
panels cannot be used for generating first-line
energy, they can be used for secondary
citations like electric charging stations. 
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SOLAR PANEL
RECYCLING
PROCESS

Junction box and frame removal
Glass and the silicon wafer removal (via
thermal, mechanical, or chemical
processes)
Silicon and precious metal separation and
purification (via chemical and electrical
techniques)

There are various methods for panel
recycling. No matter the method of choice,
there are three core steps including: 

1.
2.

3.

PARTNERSHIPS
TO REDUCE &
OPTIMIZE WASTE
ON SOLAR SITES

Reduce, control, and manage waste
Reduce, control, and waste costs
Improve operational and worker productivity
Create new market opportunities for
recyclable materials
Leverage rebates, credits, grants, and other
recycling/donation incentives

Taking from the General Motor model,
partnerships can be formed to funnel waste
from a site and, on the backend, transform
waste into a new utility, whether by replacing a
current model or creating a new material
stream. Some of the benefits of adopting
partnerships for better solar site waste
management:

WWW.GREENCLEAN-SOLAR.COM
 

LEVERAGING
SECONDARY
BENEFITS

Improved productivity
GHG reduction
Marketing & PR opportunities

Solar site waste optimization aligns with
principles of continued growth, including
financial growth. A host of additional benefits
that arise when standard practices of waste
optimization are applied to current
installation systems and standard operating
procedures. Including, but not limited to:   

Implementing standards for waste-free solar
sites requires a long-term view of your
business and the industry. Every company
deals with waste and has various hurdles; any
solar installation site can achieve landfill-free
solar projects and reduce tons of unnecessary
waste by implementing strategic partnerships
to reduce waste. 

Improve relations with clients, ESG
stakeholders, including community
Satisfy local waste diversion requirements
Hedge against future waste legislation

https://www.greenclean-solar.com/
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Our capabilities include – but are not
limited to – removing trash from the site
that contains all types of plastic, wooden
crates, solar panels, steel components,
and cardboard. We will work on projects
from 10MW to 100+ MW.

We have extensive experience working in
commercial solar fields, rooftops, and
solar canopies. We understand and know
the type of material leftover from building
large solar projects and its problems.
We own all the necessary tools and
equipment needed to be a turn-key
solution for removing the trash
accumulated on the site.

CAPABILITIES &
EXPERIENCE

Our clients include Owners/Developers,
EPCs, and General Contractors. We are
known in the industry for our exceptional
customer service, quality of work, our
speed, and for doing a phenomenal job. 

Green Clean Solar provides professional,
efficient, and fast clean-up services that
can start from the beginning all the way to
the completion of the solar project. We
make certain we remove the trash so you
can focus on what’s important --
commissioning the site! Some companies
may focus only on panel removal and
recycling, but we will be your turn-key
solution offering solutions to all your trash
needs. Green Clean Solar has incredibly
hard-working crews that travel from site to
site.

CLIENTS &
SERVICES

ABOUT GREEN
CLEAN SOLAR

Green Clean Solar, LLC is a firm based in
Marietta, Georgia, specializing in removing and
disposing of waste materials and recycling
material that accumulates from the beginning to
the completion of commercial solar projects. We
are leaders in this sector implementing the
latest recycling technology and landfill diversion
options. We strive always to keep the
environment clean. Green Clean Solar, LLC
continues to provide ongoing training and
education to our staff to maintain and increase
their skill sets and productivity while executing
stellar client relationships.
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