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EPA Region 1 CONTACT US

Plymouth/Carver FR
Updated Contact Information 

Michael Hill • (617) 918-1398

(Cite as: 55 FR 32137)

NOTICES

ENVIRONMENTAL PROTECTION AGENCY

[FRL-3817-7]

Sole Source Aquifer Designation for the Plymouth-Carver Aquifer, Massachusetts

Tuesday, August 7, 1990

AGENCY: U.S. Environmental Protection Agency (EPA).

ACTION: Notice.

SUMMARY: In response to a petition from the Massachusetts Department of
Environmental Protection (DEP), Division of Water Supply (DWS), the Town of Kingston,
and the Plymouth County Coalition for a Better Environment, notice is hereby given
that the Regional Administrator, Region I, of the U.S. Environmental Protection Agency
(EPA) has determined that the Plymouth-Carver Aquifer satisfies all determination
criteria for designation as a sole source aquifer, pursuant to section 1424(e) of the Safe
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Drinking Water Act. The designation criteria include the following: Plymouth-Carver
Aquifer is the principal source of drinking water for the residents of that area; there are
no reasonably available alternative sources of su�icient supply; the boundaries of the
designated area and project review area have been reviewed and approved by EPA; and
if contamination were to occur, it would pose a significant public health hazard and a
serious financial burden to the area's residents. As a result of this action, all federal
financially assisted projects proposed for construction or modification within the
Plymouth-Carver Aquifer will be subject to EPA review to reduce the risk of ground
water contamination from these projects which may pose a threat to the health of
persons in the acquifer's service area.

DATES: This determination shall be promulgated for purposes of judicial review two
weeks a�er publication in the Federal Register.

ADDRESSES: The data upon which these findings are based are available to the public
and may be inspected during normal business hours at the U.S. Environmental
Protection Agency, Region I, J.F. Kennedy Building, Water Management Division, GWP-
2113, *32138 Boston, MA 02203. The designation petition submitted may also be
inspected at EPA Region I, or the Plymouth Public Library in Plymouth, or the Carver
Public Library in Carver, Massachusetts.

FOR FURTHER INFORMATION CONTACT: Robert E. Adler, Ground Water Management
Section, Water Management Division, EPA Region I, J.F. Kennedy Building, WGP- 2113,
Boston, MA 02203, and the phone number is 617-565-3600.

SUPPLEMENTARY INFORMATION: .

I. Background

Section 1424(e) of the Safe Drinking Water Act (42) U.S.C. section 300h-3(e), Public Law
93-523, states: 
If the administrator determines, on his own initiative or upon petition, that an area has
an aquifer which is the sole or principal drinking water source for the area and which, if
contaminated would create a significant hazard to public health, he shall publish notice
of that determination in the Federal Register. A�er the publication of any such notice,
no commitment for Federal financial assistance (through a grant, contract, loan
guarantee or otherwise) may be entered into for any project which the Administrator
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determines may contaminate such aquifer through a recharge zone so as to create a
significant hazard to public health, but a commitment for federal financial assistance
may, if authorized under another provision of law, be entered into to plan or design the
project to assure that it will not so contaminate the aquifer.

On April 7, 1989, EPA received a petition from the Massachusetts DEP requesting
designation of the Plymouth-Carver Aquifer as a sole source aquifer. EPA determined
that the petition, a�er receipt and review of additional requested information, fully
satisfied the Completeness Determination Checklist. A public hearing was then
scheduled and held on January 10, 1990 in Plymouth, Massachusetts, in accordance
with all applicable notification and procedural requirements. A four week public
comment period followed the hearing.

II. Basis for Determination

Among the factors considered by the Regional Administrator as part of the detailed
review and technical verification process for designating an area under section 1424(e)
were: (1) Whether the aquifer is the sole or principal source (more than 50%) of drinking
water for the defined aquifer service area, and that the volume of water from an
alternative source is insu�icient to replace the petitioned aquifer; (2) whether
contamination of the aquifer would create a significant hazard to public health; and (3)
whether the boundaries of the aquifer, its recharge area, the project designation area,
and the project review view are appropriate. On the basis of technical information
availble to EPA at this time, the Regional Administrator has made the following findings
in favor of designating the Plymouth-Carver Aquifer as a sole source aquifer:

1. The Plymouth-Carver Aquifer is the sole source of drinking water for nearly all of the
residents within the service area.

2. There exists no reasonably available alternative drinking water source or
combination of sources of su�icient quantity to supply the designated service area.

3. The petitioners, with EPA assistance, have appropriately delineated the boundaries
of the designated aquifer area, the aquifer recharge area, the project review area
and the aquifer's service area.
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4. Although the quality of the aquifer's ground water is rated as good to excellent, it is
highly vulnerable to contamination due to its geological characteristics. Because of
this, contaminants can be rapidly introduced into the aquifer system from a number
of sources with minimal assimilation. This may include contamination from several
sources such as the following: chemical spills; highway, urban and rural runo�;
septic systems; leaking storage tanks, both above and underground; road salting
operations; saltwater intrusion; and landfill leachate. Since nearly all residents are
dependent upon the aquifer for their drinking water, a serious contamination
incident could pose a significant public health hazard and place a severe financial
burden on the service area's residents.

III. Description of the Plymouth-Carver Aquifer, Designated and Project Review
Area

The Plymouth-Carver Aquifer is a 199.0 square mile aquifer located in eight (8) towns in
southeastern Massachusetts, primarily in Plymouth County, north of the Cape Cod
Canal in Bourne and south of the Jones River in Kingston. Plymouth Bay borders the
aquifer on the northeast with Cape Cod Bay bordering the eastern edge. As delineated
in this petition, the Cape Cod Canal forms the southeastern border, Buzzards Bay forms
the southern border, and the Weweantic River forms the southwestern border. To the
west and north, the aquifer is bordered successively by the Weweantic River, Rocky
Meadow Brook, Muddy Pond Brook, River Brook, wetland areas, and finally, along the
northern border, the Jones River. It includes the entire area of the Towns of Plymouth,
Bourne and Sandwich north of the Cape Cod Canal, most of the Towns of Carver and
Wareham, substantial portions of Kinston and Plympton, and a small section of the
Town of Middleborough (8 towns).

The Plymouth-Carver aquifer exhibits regional ground water flow patterns that are
typical of coastal aquifers in eastern Massachusetts. Unlike upland stream-valley
aquifer systems in which ground water flow is generally convergent or inward from high
elevations of till and bedrock to low elevations within valleys, the flow pattern within
the Plymouth-Carver aquifer is divergent, radiating outward from a topographically
high area toward low lying bodies of both salt and fresh water. Ground water discharges
to steams and the ocean.
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The unconsolidated stratified glacial deposits which form the aquifer were deposited
during the last retreat of glacial ice about 15,000 years ago. These deposits are
saturated with water fed by direct infiltration of precipitation (recharge). The saturated
thickness of the aquifer is the entire thickness of the aquifer from the water table to the
top of bedrock. Ground water table elevations range from approximately sea level to
approximately 125 feet at interior ground-water highs, with the maximum saturated
thickness of more than 160 feet at some locations occurring along the axis of the
underlying bedrock valley and its tributaries. Average hydraulic conductivities (ability of
the aquifer material to transmit water) for stratified sand and gravel, range from 55 to
313 feet/day and average 188 fee/day. These values are consistent with values for
similar deposits on nearby Cape Cod. The average rate of recharge to coarse-grained
stratified dri� is at least 1.15 million gallon/day/square mile (24 inches/year) and to
fine-grained deposits is somewhat less.

Ground water in the aquifer system discharges to the many rivers and streams that
drain the aquifer, to ponds, swamps, bogs and directly to the ocean. Average ground
water discharge leaving the aquifer area as stream flow is about 140 cubit feet/second.
All ponds and surface waters within the aquifer receive nearly all of their recharge from
ground water and hence can be considered part of the Plymouth-Carver aquifer system.
Much of the water that discharges to swamps and bogs is lost as a result of evaporation,
transpirtation, and consumption water use.

The Plymouth-Carver aquifer is quite vulnerable to contamination. Because of its highly
permeable and transmissive character, and large size granular materials, ground water
contaminants can quickly travel long distances, and a�ect a large area. The recharge
area is characterized by moderate relief. Activities occurring in the upland areas can
have direct impact on ground water quality in the rest of the aquifer. The present
quality of the water from the aquifer has been characterized as good to excellent.
Municipal supply wells in the aquifer area have been a�ected by relatively few instances
of major contamination. There are, however, several instances of local contamination
which have occurred at several places in the aquifer.

The designated area is defined as the surface area above the aquifer and its recharge
area, which in the case of the Plymouth-Carver aquifer, comprises the project review
area as well. The project review area is also the same as the designated area.

IV. Information Utilized in Determination



11/13/22, 7:41 PM Plymouth/Carver FR | Drinking Water in New England | US EPA

https://www3.epa.gov/region1/eco/drinkwater/soleplym.html 6/12

The information utilized in this determination includes: the petition submitted to EPA
Region I by the petitioners; additional information requested from and supplied by the
petitioners; written and verbal comments submitted by the public, communities in the
region, state legislators; coordination with the U.S. Geological Survey and technical
information obtained from them, and the technical papers and maps submitted with
the petition. This information is available to the public and may be inspected at the
libraries or EPA Region I o�ice identified under the "Addresses" section previously.

V. Project Review

EPA Region I is working with the federal agencies most likely to provide financial
assistance to projects in the project review area. Interagency procedures and
Memoranda of Understanding have been developed through which EPA will be notified
of proposed commitments by federal agencies to projects which could contaminate the
Plymouth-Carver Aquifer. EPA will evaluate such projects and, where necessary,
conduct an in-depth review, including soliciting public comments when appropriate.
Should the Regional Administrator determine that a project may contaminate the
aquifer as to create a significant hazard to public health, no commitment for federal
financial assistance may be entered into. However, a commitment for federal financial
assistance may, if authorized under another provision of law, be entered into for
planning or designing a project to ensure that it will not contaminate the aquifer.
Included in the review of any federal financially assisted project will be the coordination
with state and local agencies and the project's developer. Their comments will be given
full consideration and EPA's review will attempt to complement and support state and
local ground water protection measures. Although the project review process cannot be
delegated, EPA will rely to the maximum extent possible on any existing or future state
and/or local control measures to protect the quality of ground water in Plymouth-
Carver Aquifer.

VI. Summary and Discussion of Public Comments

Forty five people attended the January 10, 1990 public hearing regarding the Plymouth-
Carver Sole Source Aquifer Petition. Many delivered supportive oral comments, but the
Town of Plymouth expressed some concern regarding the implications of a designation
on their public works projects. Forty formal comments were made in total during the
hearing and the four-week comment period. Comments were received from state
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legislators, local water supliers and fire districts, local communities, a regional planning
agency, environmental interests, etc. All but one of these supported the designation.
Questions were raised regarding the following:

1. The location of the northwest corner of the delineated boundary; and

2. The extent and limitations of protection provided by the federal Sole Source Aquifer
Program and the need for local government to continue with taking actions to
protect the aquifer.

In response to questions about delineation of the designated aquifer area, EPA
explained that the aquifer is charaterized by divergent ground water flow from a high
ground water table elevation in the interior area of the aquifer. The area along the
northwest section of the aquifer is characterized by bogs, wetlands, meandering
streams, flat topography, and low ground water gradient. The boundary issue that was
raised at the hearing related to the precise placement of the boundary line in specific
localized areas. Following explanation of the basis for delineation, no further comments
were made. The boundary, as originally proposed in the petition, is the boundary that
is delineated in this designation. EPA responded to comments which expressed concern
and confusion that the e�ectiveness of sole source aquifer designations is limited
because only a small part of the development in the designated area will receive federal
financial assistance. EPA recognized the limited applicability of the program and
acknowledged that a comprehensive ground water protection program must include
land use planning and management at the state and local levels as well. The DEP and
EPA noted, however, that Massachusetts state regulations for underground storage
tanks, site assignment for new solid waste landfills, and for hazardous waste facilities,
give added protection by restricting these facilities when sole source aquifers are
involved. Also, SSA designation o�en brings a new awareness locally for protecting
resources.

The Town of Plymouth opposed the designation of the aquifer. In its opposition, the
Town asserted that the designation will result in more government overview and
interference, will delay certain public road improvements to route 44, and will favor an
ocean outfall over a land based treatment option in planning for a sewage treatment
facility. EPA agreed that the designation would add another layer of review for impacts
a�ecting the quality of ground water in the aquifer. It is noted that such aquifer reviews
generally do not hinder or delay projects because the reviews conducted on large
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projects are in conjunction with federal Environmental Impact Statements (EISs),
environmental assessments, or state Environmental Impact Reports (EIRs). EPA
routinely participates in the scoping and assessment of EISs and EIRs for major
projects. This has been the case in the route 44 improvements. On smaller projects,
reviews are generally less complicated, take three to six weeks, and do not cause undue
delay. It is also noted that protection of public health is the principal concern of the
program. Project delays that result in the protection of public health are favored over
project expediency.

In addition to the concern that designation causes local project delays, the Town took
the position that a sole source aquifer review is an unnecessary layer of review because
local government can "protect its own." At the hearing, EPA observed that if local
authorities, state and federal environmental and regulatory agencies are all carrying
out their statutory and regulatory duties, the sole source aquifer review will be minimal,
and in most cases will be incorporated into the existing environmental review
processes.

*32140 In response to the issue that designation of a sole source aquifer would likely
favor an ocean outfall option over a land based discharge option in Plymouth's sewage
treatment planning, it is noted that the designation would not necessarily prelude a
land based discharge. It is further noted that for land disposal to be allowed,
Massachusetts ground water discharge permit regulations would probably require
advanced treatment and e�luent that would meet Massachusetts drinking water
standards. As such, the performance standards would be determined under state
regulations and scrutinized by EPA in their implementation.

The Town of Plymouth also expressed concern over the apparent lack of definitive
guidelines from EPA governing the sole source aquifer program resulting in confusion
and uncertainty. It is noted that EPA has clear and definitive Petitioner Guidance,
Reviewer's Guidance, regulations concerning the implementation of the program at the
Edwards aquifer, Region II post- designation guidance, relevant applicable state
performance requirements, risk assessment capabilities, and others. Notable letters of
support were received from state and local governemnts and representatives, water
suppliers, environmental organizations and residents. Reasons given for support
include: (1) The nearly total dependence of the residents on the aquifer's ground water
for their drinking water supply; (2) the fact that there are no reasonably available
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alternative sources of water, and that proper boundaries have been delineated; (3)
growth and development in the Plymouth-Carver region threaten the continued purity
of the resource; and (4) the Plymouth-Carver Aquifer's designation as a sole source
aquifer would heighten public awareness of the vulnerability of the resource and would
encourage further protection e�orts.

VII. Findings

Given the information before me, all criteria for designating the Plymouth- Carver
aquifer as a sole source aquifer have been met, and the region's aquifer is a resoruce
that fully deserves e�orts to protect it.

Dated: July 31, 1990.

Julie Belaga,

Regional Administrator.

[FR Doc. 90-18457 Filed 8-6-90; 8:45 am]

BILLING CODE 6560-50-M

55 FR 32137-01, 1990 WL 329590 (F.R.)

END OF DOCUMENT
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Secretary Kathleen A. Theoharides 
Executive Office of Energy and Environmental Affairs 
Attn: MEPA Office 
100 Cambridge Street, Suite 900 
Boston, MA 02114 
Via email to MEPA@mass.gov 
 
Re: Expanded Environmental Notification Form, March 15, 2021 and May 11, 2021 Supplement 
       ADM TMUD Wareham Solar Projects 
       EEA No. 13940-ADM Tihonet Mixed Use Development 
       Wareham, Plymouth, Carver, Massachusetts 
 
Dear Secretary Theoharides, 
 
The Partnership for Policy Integrity (PFPI) submits the following comments on the Expanded 
Environmental Notification Form (“EENF”) EEA # 13940 to the Massachusetts Environmental Policy 
(“MEPA”) Unit.  PFPI’s work focuses on forests and climate, and our involvement in state policy matters 
has up to this point largely been confined to biomass energy. However, we are very concerned at how the 
state’s policy on large-scale solar energy appears to be promoting projects that result in net damage to 
Massachusetts’ forests, and accordingly are submitting these comments on particular aspects of the 
Wareham solar projects.  
 

General comments on the state’s solar policy 
First, this project, and the others going in, represent not a success of the state’s solar energy policy, but a 
failure. It is shocking to see that the state’s renewable energy policy is actually incentivizing forest 
clearing for solar. Climate change mitigation is not just about reducing fossil fuel emissions.  Climate 
modeling is crystal-clear that we need to not only reduce emissions, but actually sequester CO2 that has 
already been emitted. Restoring and expanding forests is the only means under our control to achieve 
this at scale. Accordingly, anything that undermines forest carbon uptake is actively undermining climate 
mitigation. The state should not have a policy that pits solar against forests. Policies should offer 
incentives for preserving and expanding forests, not destroying them.  
 
Satellite imagery from Global Forest Watch shows that forest loss in the vicinity of the project is 
particularly high. Figure 1 shows forest loss just since 20001; it doesn’t even include the large amount of 
conversion to cranberry bogs and other uses from before 2000.  In fact, pulling back, this area appears to 
have one of the highest rates of forest loss since 2000 in the entire state of Massachusetts.  
 

 
1 Data from Global Forest Watch at https://bit.ly/3ukdyc0 
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Figure 1. Global Forest Watch overview of forest loss in the area of the project. The three proposed solar 
fields are marked with black dots.  

 
Regarding this specific project, it is tone-deaf for the EENF to claim (page 11) that “Furthermore, the 
Master Plan’s Natural and Cultural Resources Goal 1 is to, ‘Coordinate and strategically implement several 
ongoing efforts to increase climate resilience in Wareham.’ While the Project will not contribute directly to 
climate resilience specifically in Wareham, it will advance the Commonwealth’s renewable energy 
initiatives, which broadly address the issues surrounding climate change.” 
 
We would argue that any project that causes more forest loss in Wareham is actually undermining the 
town’s climate resilience.  

General comments on the project 

These projects are extraordinarily damaging 
Using Google Earth to view other solar projects installed in the same area as the proposal makes it 
evident how damaging these projects are. Removal of forest and land preparation scrapes the soil down 
to essentially white sand, and even beyond this, further sand mining is occurring. This essentially resets 
the ecosystem to where it was right after the glaciers retreated. Transpiration from vegetation cools and 
moistens the air, but the sand pit is a glaring, radiating zone without any ability to affect or modify its 
microclimate. The subsoil is sterile sand with few available nutrients, meaning nothing much will grow 
here again in any human timeframe, even after the solar panels are removed.  This may be within the 
owner’s rights – but why is it being subsidized with Massachusetts clean energy subsidies? Approval of 
the project and receipt of the subsidies should at a minimum be made contingent on the ability to fully 
restore the site to forest. In few years, these projects are going to be seen as dinosaurs and be viewed 
with shame for the forest destruction they caused. Assuming a sane climate policy prevails, forest 
protection and restoration will be prioritized, and solar will be built in places that are already sacrifice 
zones, such a parking lots, road medians, and perhaps the cranberry bogs of Wareham.   
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Figure 2. A recent solar and sand mining project in the vicinity of the proposed project (at 41.800214°,      
-70.703461°) 
 

Comments on the analysis for the proposal 
The proposal contains questionable assumptions and analyses in at least two respects – consideration of 
mitigation for the loss of forests, and consideration of net GHG impacts of the project.  
 

Mitigation of habitat loss 
The 2014 certificate on the ENF states, “NHESP indicates that a long term net benefit can be developed 
through a) permanent protection of appropriate habitat in the vicinity of previously designated 
conservation areas, and b) providing funding for long-term habitat management to benefit the affected 
species.” 
 
We wonder if the program would use similar language today.  There is no “net” benefit given the 
accelerating forest loss in the region, as shown in Figure 1.   
 
At page 5 of the March 2021 EENF, it states, “Although portions of the 150 Tihonet Road PV+ES Project lie 
within identified but unmapped pine barrens habitat, the Proponent is coordinating with NHESP and will 
undertake appropriate mitigation in the form of conservation lands and habitat funding.” 
 
Even if these minimal set-asides are actually happening, this does not constitute “mitigation” given that 
the entire pine barrens ecosystem is being obliterated where the solar panels are installed. Setting aside 
other land for conservation is nice, but there is a net loss of ecosystem that is occurring.  There is no 
“mitigation.”  
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Other impacts 
The loss of vegetation also changes the hydrology of the site. The proponent is developing stormwater 
retention basins, the planning for which needs to take into account changes in rainfall amount and 
intensity now underway with climate change. Has this occurred? Does the modeling actually recognize 
non-stationarity of rainfall?  
 
The ponds already have issues with dissolved oxygen and phosphorous pollution, which is evident with 
satellite photos that show extensive algae growth.  Also, it appears that there is potentially some planting 
activity planned for the area under the solar panels. We wonder if the project will use herbicides to 
reduce growth of the meadow? If so, has the potential for water contamination been evaluated, given the 
sandy soils and the proximity to ponds?  
 
We also note that wetland resources in this rare pine barrens ecosystem are being disturbed. This area of 
eastern MA has extremely fragile ecosystems.  It seems a real failure of state policy, both in terms of 
MEPA review and in terms of solar incentives, that this project is moving forward and seemingly headed 
for state approval and even financial support.  
 
 

GHG analysis 

Failure of the state to provide guidance 
The 2014 certificate discusses developing a protocol for evaluating GHG impacts, but apparently this has 
not been done. Why not? There has been plenty of time. There should have been a protocol for the 
proponents to follow, instead of being left to make it up as they go along. Why is the state so lax on these 
matters?  
 

Failure to include ecosystem carbon loss 
In calculating the GHG “benefit” of the project, the proponent simply ignores the carbon emissions from 
removing the forest from the site. Why do they assume this is legitimate? It is not, because this is stored 
carbon. They appear to claim it would only be emitted to the atmosphere if it were burned (page 2 of 
memo), but in fact even if the trees were converted into long-lived wood products, a significant portion of 
the wood would be lost right away during processing.  
 
The basic IPCC protocol for assessing emissions impacts of forest clearing treats felling trees as an 
instantaneous emission of stored carbon, though more refined approaches are possible when data are 
available. The appropriate protocol to require here appears to be the one for “Other Land”2: 
 
Tier 1  
A Tier 1 method follows the approach in Equation 2.16 in Chapter 2 where the amount of above-ground 
biomass that is removed is estimated by multiplying the area (e.g., forest area) converted annually to 
Other Land by the average carbon content of biomass in the land prior to conversion (BBEFORE). In this case, 
BAFTER in Equation 2.16 is set to zero by default. The default assumption for the Tier 1 calculation is that all 
carbon in biomass (less harvested wood products removed from the area) is released to the atmosphere 
immediately (i.e., in the first year after conversion) through decay processes either on- or off-site. 
 
Tier 2  

 
2 https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/4_Volume4/V4_09_Ch9_Other_Land.pdf 
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A Tier 2 method can be developed and used if country-specific data on carbon stocks before conversion to 
Other Land (i.e., BBEFORE in Equation 2.16) are obtainable. BAFTER remains at zero. In addition, under Tier 2, 
carbon losses can be apportioned to specific conversion processes, such as burning or harvesting. This 
allows for more accurate estimation of non-CO2 greenhouse gas emissions. A portion of biomass removed 
is sometimes used as wood products or as fuel wood. Chapter 2, Section 2.4 provides the basic method for 
estimating non-CO2 greenhouse gas emissions from biomass burning. Chapter 12 provides guidance for 
estimation techniques for carbon stored in harvested wood products.  
 
Tier 3  
A Tier 3 method requires more detailed data/information than the Tier 2 approach, e.g.,:  
• Geo-referenced disaggregated areas converted annually are used for each land use converted to Other 
Land;  
• Carbon densities are based on locally specific information and; and  
• Biomass stock values are based on inventories and/or the model estimations.  
• Where data are available, Tier 3 methods may be used to track the dynamic behaviour of carbon stocks 
and greenhouse gas emissions following conversion. Where the land remains in a vegetation-free state 
(due to severe degradation), there will generally be a continuing decline in carbon stocks. If this is not the 
case, countries should consider whether the land should be classified under another land use, as indicated 
in Chapter 3. 
 
In the case of this project, where stumps and roots will be removed, the lost of biomass carbon is 
especially notable. The loss of soil carbon is also extreme. According to the data the proponents 
themselves cite (from EPA), soil carbon can constitute more than 50 - 60% of ecosystem carbon.  The 
total removal of topsoil and the layers of subsoil that are most likely to store soil organic carbon in 
dissolved forms also needs to be taken into consideration. The state should require the proponents to 
find data that accurately reflect the aboveground and belowground carbon loss, including from soils, and 
do the calculation properly.  
 

Failure to include timing of GHG emissions 
The proponent draws attention to the future gain of carbon on the site, stating that the calculations are 
“likely conservative” because they do not include the carbon that will be sequestered in the “meadow” 
growing beneath the solar panels (to be planted?) and the future carbon sequestration in the forest that 
will replace the solar panels when the project is decommissioned.  These hypothetical impacts are in the 
future, while the liquidation of site carbon is happening now, just when it is most urgent to reduce 
emissions. Carbon loss happening in the near term with certainty needs to be valued more highly than 
future potential carbon gain. Further, it appears that the proponent is actually misrepresenting the 
developer’s intentions when they say the area will be reforested, because the developer is on video3 as 
saying that after the “fad” of solar passes, the “junk” will be hauled away and the site will be turned into a 
housing development.   
 

Sequestration analysis is incorrect 
The proponents’ assessment of carbon emissions from the project is confined to estimates of future 
forest carbon sequestration that will be foregone. They analyze this using two approaches.  The first 
approach uses data they say they obtained from Northeast Survey Consultants, but they do not say what 
the data are, or how they were obtained, though they do refer to diameter at breast height (DBH) 

 
3 https://www.youtube.com/watch?v=nh7fnq2y3Sg 
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measurements “where applicable.” It is not clear what this means.  It is also not clear how the tree 
volume estimates were made or how they relate to the DBH.  The report further makes an error in 
converting the dry weight to green weight of  72.5%, citing an unpublished online document4 with no 
citations which states, “Taking all species in the table into account, the average tree is 72.5% dry matter 
and 27.5% moisture.” This is not correct for trees in New England, where moisture content of freshly 
harvested wood is around 50% and sometimes more.  
 
Given this failure and the proponents’ evident unfamiliarity with protocols for ecosystem carbon 
assessment, we have no confidence in the approach to calculating increased DBH and volume through 
time, which uses a “simplified, linear growth rate formula.”  They do cite a reference for this approach, 
but it is not clear if their analysis of forest biomass takes into account the fact that trees with bigger 
circumference tend to also be taller, meaning their overall volume is greater. In fact, the regression curve 
that proponents provide for volume/weight (cubic meters) looks very similar to a standard curve of the 
relationship between diameter and area of a cross-section of a tree (square meters), which if the trunk is 
circular in cross-section would follow the relationship of “pi-r-squared.” We graphed up that simple 
relationship (in blue) and overlaid it on the on the proponents’ graph (Figure 3):  
 

 

Figure 3. The graph of the relationship between diameter and area (square meters) overlaid on the 
proponents’ graph of diameter and volume (cubic meters) translated in some unknown way to weight of 
biomass.  
 
It appears that the proponents’ analysis of biomass per stem does not correctly reflect the overall 
increase in volume, because it traces a relationship of DBH to stem cross-sectional area, rather than full 
tree volume. Further, a stem analysis does not really tell much about forest biomass as a whole, unless 
there is a detailed count of stems per acre, and the analysis includes the volume of stumps and roots.  
Even with that information, the analysis of carbon stocks is incomplete, because it does not include soil 
carbon.  For an analysis of future sequestration (carbon sinks), however, soil carbon may be difficult to 
quantify.  
 
For a more credible approach, at a minimum the proponents could use the USFS Forest Inventory and 
Analysis data and tools that the Forest Service makes available for estimating forest carbon stocks and 
sinks. Additionally, research suggests carbon sequestration by larger, older trees has in some cases been 

 
4 https://www.unm.edu/~jbrink/365/Documents/Calculating_tree_carbon.pdf 
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underestimated, for instance see Stephenson et al 20145 and most recently Leverett et al 2021,6  with 
Figure 1 from that paper reproduced below. While growth patterns from individual trees can not be 
directly extrapolated to whole stands, the data suggest that the apparent “slowing” of growth by older 
trees is often not reflected in their volume, which continues to increase.  
 

 

Figure 4, which is Figure 1 from Leverett et al, 2021. Changes in circumference, height and volume of a 
stand-grown individual eastern white pine (Pine #58) in three 50-y intervals. Upper panels (A) Change in 
circumference during 0–50, 50–100, and 100–150 years. (B) Change in height between 0–50, 50–100, and 
100–150 years. (C) Change in above-ground tree volume (trunk plus limbs) between 0–50, 50–100, and 
100–150 years. Lower panels (D) Cumulative circumference at 50, 100, and 150 years compared to 
cumulative above-ground volume. (E) Cumulative height at 50, 100, and 150 years compared to 
cumulative above-ground volume. On each lower panel initial slopes were matched to reflect the rapid 
change in circumference and height during the first 50-years interval. Note that volume is a proxy for 
above-ground carbon. Values for circumference, height and volume of Pine #58 were determined by a 
combination of direct measurement and chronosequence and described in the text and in Supplement.  
 
 

 
5 Stephenson, N. L., et al. (2014). "Rate of tree carbon accumulation increases continuously with tree size." Nature 
507(7490): 90-93. https://www.nature.com/articles/nature12914#Sec14. Supplementary information at 
https://www.nature.com/articles/nature12914#Sec14  
6 Leverett, R. T., et al. (2021). "Older Eastern White Pine Trees and Stands Accumulate Carbon for Many Decades 
and Maximize Cumulative Carbon." Frontiers in Forests and Global Change 4(40). 
https://www.frontiersin.org/articles/10.3389/ffgc.2021.620450/full 
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The second approach employed by the proponents to estimate foregone sequestration relies on an EPA 
estimate of forest carbon stocks that includes soil carbon, deadwood, etc. However, the proponents 
incorrectly apportion sequestration based on stocks, assuming that because living biomass constitutes 
31% of the ecosystem carbon, then it must be responsible for the same proportion of active carbon 
sequestration.  If only this were true! If mineral soils added new carbon to stocks at the same rate as 
living biomass, maybe we wouldn’t have a climate crisis (though we’d be up to our eyeballs in soil). In fact 
among the several problems with this analysis, the proponents have underestimated the amount of 
ecosystem carbon uptake for which living biomass is responsible, so have underestimated the total 
ecosystem C sink.  
 
 

Assumption of fossil fuel displacement is not valid 
The entire GHG benefit of the project is based on the assumption that it will displace fossil fuels. The 
proponents make several statements to this effect. However, for there to be a net reduction in GHG 
emissions, there does need to be actual, verifiable substitution. Climate warming is a function of the total 
amount of CO2 loading, not the GHG intensity of generation. Therefore if solar and other relatively 
emission-free technology comes online, but the total amount of fossil fuel burning stays the same or 
increases, there will be no decrease in the amount of CO2 emitted per year. Yes, it seems likely that fossil 
fueled electricity generation decreases as solar and wind generation come online and become cheaper, 
but the other thing that happens is that electricity use increases as consumers become aware that more 
“green” energy is available, and as electricity becomes cheaper.  As electrification increases, for instance 
of vehicles, overall use will rise, keeping pressure on fossil generators to continue operating. Substitution 
can only occur if the total amount of electricity generation from fossil sources is capped7 - otherwise 
there is simply additional generation, and no net reduction in emissions. As there is no requirement for 
fossil generation to be taken offline as new solar generation comes online, there can be no assumption 
that substitution is occurring – as attractive as this concept appears.  
 

 
Valuing forests solely as “carbon sinks”  
Overall, the very concept embodied in the EENF, that forests are valued in this context solely for their 
ability to sequester carbon is, frankly, insane.  Yes, it is probably possible to calculate a GHG “benefit” to 
building the solar field and replacing forests, making dubious assumptions as the proponent does. In that 
case, why not clear all the forests in Wareham? Isn’t that the logical outcome of such calculations? 
Perhaps the state should provide incentives to remove all the forest in eastern MA and replace it with 
solar – then we could claim even more GHG “reductions.”  
 
The obvious absurdity of that suggestion indicates that there is some scale at which this policy of allowing 
forest removal for solar no longer makes sense. To us, it seems obvious that this point has already been 
reached.  Forest loss occurring for any reason is hugely counterproductive for ecosystem values and 
climate alike; clearing forests for solar, specifically, when there are so many alternative places it could be 
built, is repugnant.  
 

 
7 Leturcq, P. (2020). "GHG displacement factors of harvested wood products: the myth of substitution." Scientific 
Reports 10(1): 20752. https://doi.org/10.1038/s41598-020-77527-8  
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Decommissioning should include reforestation 
The proponent states that funds are set aside for decommissioning. In fact, given the current rapid rate of 
forest loss in the region now, we suspect that in the future, the highest use of the site will be as forest.  
Accordingly, the decommissioning cost should include reforestation as a value to society. There is 
precedent for this – for instance, the landowner has currently been benefitting from Chapter 61, which is 
a program that reduces taxes because of the public benefit of keeping land in forests.  Making approval of 
these projects and receipt of publicly funded renewable energy subsidies contingent on future mitigation 
back to the natural state is completely reasonable. At a minimum, state officials should require real 
mitigation, which returns the land to its natural forested state, as a condition for approval. If this can not 
be assured, the project should not be approved. Ideally, the state should change its policies and stop 
approving any so-called “green” energy projects that rely on clearcutting, and in this case obliterating, the 
natural ecosystem. In the case of this particular project, it seems likely this area will functionally be a 
waste land, and that forest regeneration will be paltry, if it occurs at all, due to sandy soils that will be 
rendered even more nutrient-poor with removal of topsoil and sand mining.  
 
 
Thank you for the opportunity to comment.  
 
Mary S. Booth, PhD 
Director, PFPI 
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Abstract: This study identifies unstable and soluble layers in commercial photovoltaic modules
during 1.5 year long-term leaching. Our experiments cover modules from all major photovoltaic
technologies containing solar cells from crystalline silicon (c-Si), amorphous silicon (a-Si), cadmium
telluride (CdTe), and copper indium gallium diselenide (CIGS). These technologies cover more than
99.9% of the world market. We cut out module pieces of 5 × 5 cm2 in size from these modules and
leached them in water-based solutions with pH 4, pH 7, and pH 11, in order to simulate different
environmental conditions. Unstable layers open penetration paths for water-based solutions; finally,
the leaching results in delamination. In CdTe containing module pieces, the CdTe itself and the
back contact are unstable and highly soluble. In CIGS containing module pieces, all of the module
layers are more or less soluble. In the case of c-Si module pieces, the cells’ aluminum back contact is
unstable. Module pieces from a-Si technology also show a soluble back contact. Long-term leaching
leads to delamination in all kinds of module pieces; delamination depends strongly on the pH value
of the solutions. For low pH-values, the time dependent leaching is well described by an exponential
saturation behavior and a leaching time constant. The time constant depends on the pH, as well as on
accelerating conditions such as increased temperature and/or agitation. Our long-term experiments
clearly demonstrate that it is possible to leach out all, or at least a large amount, of the (toxic) elements
from the photovoltaic modules. It is therefore not sufficient to carry out experiments just over 24 h
and to conclude on the stability and environmental impact of photovoltaic modules.

Keywords: leaching; long term; photovoltaic modules; delamination; solubility

1. Introduction

Photovoltaic (PV) modules are not a niche product anymore. The market started with
an installed capacity of 20 MW in the early 1990s and increased up to 635 GW of total
installed PV modules worldwide at the end of 2019 [1]. By assuming an average lifetime of
30 years, we have to deal with an increasing amount of waste from PV modules of up to
1.7 million tonnes until 2030 [2].

In principle, photovoltaics are a green technology; however, some PV modules contain
toxic elements such as lead in the solder ribbons and metalization pastes, or even worse,
such as in CdTe technology, the toxic elements Cd and Te in the photoactive layer itself.
Many modules using copper indium gallium diselenide (CIGS) also contain cadmium in
the so-called CdS buffer layer of the CIGS cells. This situation is mainly possible because PV
modules are still excluded from the EU Directive on the restriction of hazardous substances
(ROHS 2) in electrical and electronic equipment. This exclusion will remain until the next
review of the RoHS 2, which is planned for 2021 [3]. For all other electric and electronic
equipment (EEE) on the EU market, the tolerated maximum concentrations by weight in
homogeneous materials for lead (Pb) and cadmium (Cd) are 0.1% and 0.01%, respectively.
Clearly, in the case of the compounds CdS or CdTe, with 50% of the mass being Cd,
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the RoHS is not obeyed. However, also the technology of modules with crystalline Si cells
has a problem with RoHS, although it could easily be overcome by using cell connectors
without lead (usually, the solder contains about 40% lead) in the solder. The tiny amount of
Pb in the metallization pastes could be kept below the RoHS limits. In 2019, the amount of
lead-free metalization pastes in the case of silicon (Si) solar cells was only 30% [4]. At the
same time, the world market share of lead-containing solder for cell connectors was over
90% [4].

Most probably, photovoltaic modules, which contain toxic substances, are safe for the
users and the environment, at least as long as the modules are not damaged. Nevertheless,
what happens if modules are damaged? What happens at the end of their use? Are
they “donated” or “exported” like old cars, other old electronic equipment, and waste
to countries outside the EU? In the worst case, finally, wherever it may be, the modules
are crushed and/or discarded in landfills. What could happen with the toxic elements?
In fact, it is no longer a question if these substances are released into in the environment:
several studies proved they do and that the release depends on the pH-value of the leaching
solvents, as well as on the redox conditions [5–10]. A literature review can be found in [11].

Despite of all these studies [5–11], several questions are open: How are the toxic
substances released? What are the weak spots in the modules? Does leaching only occur in
the case of delaminated modules, i.e., in modules, that have lost the front glass? In this case,
in particular for thin film modules, it would be understandable that the toxic substances
are leached from, for example, the CdTe layers, which are no longer protected by the front
glass. Does it work the other way around: Are the thin layers leached from the edges of the
module (pieces) leading, finally, to delamination? Clearly, after delamination, the leaching
would then be accelerated even more, because the leaching solution is now able to attack
the thin layers not only from the edges, but also from the surface. Are there any potentially
accelerating parameters, like agitation or temperature, regarding the leaching?

The present contribution gives answers to most of these questions via a long-term
study. In contrast to previous work, our leaching tests are not only conducted over 24 h
as requested by standard leaching tests [12–15], but for more than 1.5 year; some of our
results are even taken after almost two years. Furthermore, we analyze not only eluted
amounts of toxic substances like cadmium (Cd) and lead (Pb), but also other elements
present in the module layers such as zinc (Zn), tellurium (Te), indium (In), gallium (Ga),
selenium (Se), aluminum (Al), molybdenum (Mo), and copper (Cu), to identify soluble and,
therefore, weak layers in PV modules. Parts of the experimental details were published
earlier in German [16]; some results about the leaching of Cd, Te, and Pb up to day 360
were published earlier by us [10]. We find, that, finally, the modules delaminate because of
the leaching from the edges of the module pieces. In all kinds of modules, at least one of the
layers of the different cell types represents a weak path for the leaching. In the case of CdTe
module pieces, the CdTe layer itself and the Mo contact are soluble. In the case of CIGS
module pieces, the Zn front contact, the Mo back contact, and the Cd-containing buffer
layer are susceptible to strong leaching. For crystalline silicon module pieces, the Al back
contact is a weak spot; for amorphous silicon (a-Si) module pieces, also the back contact
(Ni) and the intermediate layer containing Zn are identified as weak spots.

Section 2 of the present contribution describes the sample preparation and the leaching
conditions and shows how we determine the total amount of elements within each type
of our investigated solar modules. Section 3 presents our leaching results. We measured
for more than 1.5 years, not only at room temperature, but also at increased temperature,
as well as under accelerated leaching conditions. The leaching time constant depends on
the module type, as well as on the leaching conditions. Section 4 identifies the weak spots
for each particular module type. Section 5, finally, concludes that the amount of leached
out elements after 1.5 years in some cases exceeds the value after one day by more than two
orders of magnitude. Thus, leaching experiments, which are just carried out over one day,
are valuable. However, statements about the stability and environmental noxiousness of
photovoltaic layers are highly questionable when based on such short-term measurements.
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2. Materials and Methods
2.1. Sample Preparation and Experimental Conditions

For cutting the module pieces with well-defined sizes and edges, we applied water jet
cutting to get samples from the four major commercial PV technologies: crystalline silicon
(c-Si), amorphous silicon (a-Si), cadmium telluride (CdTe), and copper indium gallium
diselenide (CIGS). The module pieces are cut in a way that all module pieces contained at
least one solder ribbon, but no parts of the frame, module boxes, or cables. The sample size
of the module pieces for the leaching experiments was 5 × 5 cm2.

The leaching experiments were carried out under three different conditions, in order
to identify potential accelerating conditions:

• Room temperature TRT = 25 ◦C, no agitation;
• Room temperature TRT = 25 ◦C, with agitation (orbital shaking with rotational speed

n = 100 min−1);
• Increased temperature TIT = 40 ◦C, with agitation (orbital shaking with rotational

speed n = 100 min−1).

For all experiments, we used high-density polyethylene (HDPE) bottles supplied with
the leaching solution with a 1000 mL volume and two pieces from the very same module;
see also [10]. The samples were not fixed in the bottles, and the bottles were lightproof.
From earlier experiments (not presented here), we know that light accelerates leaching.
However, light leads also to the production of alga, in particular for the long leaching
times we are using. Alga production changes the experimental conditions and makes the
leaching experiments less reproducible. Therefore, for the experiments presented here, we
decided to use lightproof bottles. In order to increase the significance and validity of our
experiments even more, each experiment was conducted in triplicate (this means three
bottles, each one filled with two samples) for every condition. The leaching data, i.e., the
concentration of a particular element in the solutions, are given as the mean value of the
probes taken from the three bottles.

The leaching solutions with three different pHs covered the pH range of different
environmental conditions that might occur in rain, groundwater, or waste disposal sites;
their exact chemical composition and pH are shown in Table 1. All leaching solutions were
base on deionized (DI) water. Over the whole 1.5 years of the experiments, the pH and
the oxidation/reduction-potential EH remained almost constant. Data for EH , following
DIN38404-6, stemmed from measurements with a platinum electrode against a silver/silver
chloride reference (Ag/AgCl). The concentration of potassium chloride cKCl = 3 mol/L
was T = 25 ◦C; we converted the data to a potential against a standard hydrogen elec-
trode [17].

Throughout the leaching experiments, starting after 0.5 days, we periodically took
15 mL samples from the leaching solutions in the bottles and analyzed them for the leached
out elements. After taking the probe, we pored in again fresh solution of 15 mL to keep the
1000 mL volume. All data were corrected for the amount of elements that were taken out
from the solution due to sampling.

Table 1. Composition of leaching solutions with pH-values of 3, 7, and 11 used in the experiments
and the measured reduction potential EH ; the same conditions as in [10]. (Copyright (2017) The
Japan Society of Applied Physics, reproduced with permission).

pH EH (V) Chemical Composition

3 0.62 15.4 g/L C6H8O7,
2.8 g/L Na2HPO4, DI water

7 0.56 3.7 g/L KH2PO4,
5 g/L Na2HPO4, DI water

11 0.33 0.04 g/L NaOH, DI water
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2.2. Heavy Metal Analysis and Determination of Initial Metal Content in Module Pieces

We characterized the samples that were taken from the leaching solutions with in-
ductively coupled plasma mass spectrometry (ICP-MS) and give the data for the leached
elements according to ISO 17294-2 [18]. This method is only able to measure dissolved
substances; it cannot detect precipitations in the solution. Therefore, the elements in the
precipitates were not counted as leached.

Here, we always give the amount of leached out elements as a percentage with respect
to the total amount of elements that were in the original module pieces. Therefore, we had
to measure the total mass of those elements in the module pieces before the experiment.
For that purpose, similar module pieces as those for the experiments were milled to a
powder. Then, the powder was digested by adding acid and oxidizing agents and, finally,
using microwave irradiation. After that, the digested samples underwent the ICP-MS
analysis, similar to our earlier experiment [10]. For each PV technology, and for all the
elements analyzed, Table 2 shows their mass Mtotal that was contained in the original
reference module pieces.

Table 2. Elemental mass Mtotal in the 5 × 5 cm2 module pieces for crystalline silicon (c-Si), amorphous
silicon (a-Si), cadmium telluride (CdTe), and copper indium gallium diselenide (CIGS). The data
represent mean values and the standard deviation from three measurements.

Element c-Si a-Si CdTe CIGS
(mg) (mg) (mg) (mg)

Zn 0.9 ± 0.4 16.1 ± 3.1
Cd 13.9 ± 0.9 0.2 ± 0.002
Te 15.6 ± 1.1
In 14.1 ± 4.3
Ga 0.7 ± 0.1
Se 6.7 ± 1.3
Al 167 ± 40 196 ± 27 289 ± 63 280 ± 190
Mo 12.7 ± 1.7 5.0 ± 0.2
Cu 254 ± 15 130 ± 14 80 ± 11 146 ± 5.7
Ni 1.0 ± 0.1
Pb 16.7 ± 0.8 2.4 ± 0.3

2.3. Mass Balancing at the End of the Leaching Experiments

During the leaching experiments, the total mass:

Mtotal = Mdiss + MMP + MFR (1)

of a particular element is the sum of the following masses: the amount Mdiss dissolved in
the solution, the remaining mass MMP within the module pieces, and the mass MFR that
precipitated in the bottles of the solution. Clearly, at the end of the leaching experiment, the
total mass, determined by Equation (1) should equal the masses in Table 1. We measured
the mass MFR in the following way: First, the module pieces were removed from the
bottles, and then, the solution was filtered using vacuum filtration with a cellulose nitrate
membrane filter with a pore size of 0.45 µm. The mass MMP was measured in the same way
as the total mass of the elements in one module piece, as described previously. To measure
the mass of the filter residue MFR, we digested the filter residue together with the filter
by applying a microwave enhanced oxidative digestion. Again, ICP-MS measured these
samples, and the measurement of the cellulose nitrate membrane filter itself (blank value)
ran in parallel. Subtracting the blank values for the filter, we calculated the amount of each
element in the filter residue.
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3. Results
3.1. Delamination of Module Pieces

One focus during long-term leaching in water-based solutions lies in the occurrence
of delamination. In order to simulate field conditions, in a first series of experiments, we
did not use any accelerating leaching parameters for the module pieces for analyzing the
delamination (Figure 1a). Delamination, in this study, is defined as a separation between
all kinds of module layers, not only between the encapsulation layer, often ethylene vinyl
acetate (EVA) foil, and the glass. The delamination was determined by visual examination.

Figure 1. Amount of delaminated module pieces from crystalline silicon (c-Si), amorphous silicon (a-Si), cadmium telluride
(CdTe), and copper indium gallium diselenide (CIGS) depending on the pH value of the water-based solution after
1.5 years for the three different experimental conditions: (a) TRT = 25 ◦C, no agitation, (b) TRT = 25 ◦C, with agitation, and
(c) TIT = 40 ◦C, with agitation.

After 1.5 years of leaching, we observed delamination in all kinds of PV module pieces:
c-Si, a-Si, CdTe, and CIGS. The probability of delamination depends on the pH value of the
solutions and the experimental conditions. In the case of c-Si module pieces, we always
observed 100% delamination, independent of the pH-value, temperature, and agitation: in
all aqueous solutions and for all module pieces, delamination occurred. However, in this
case, delamination occurred via the EVA layer, and the type differed from the delamination
type of thin film module pieces (via thin layers), as discussed later. Delamination of a-
Si module pieces only happened in aqueous solutions with pH 3, and only 30% of the
module pieces were affected. The agitation (Figure 1b) and also the temperature (Figure 1c)
had no accelerating effect on the delamination. In fact, during the leaching experiments
with TIT = 40 ◦C plus agitation, no delamination of a-Si module pieces was found. The
highest amount of delamination in the case of CdTe module pieces occurred in acidic
water-based solutions. For this type of module, the increased temperature weakly affected
the delamination, as shown in Figure 1c. At room temperature, no delaminated CdTe
module pieces were observed in the solutions with pH 11, whereas in neutral solutions,
only 17% of the module pieces showed delamination. The pH dependence held also for
the CIGS module pieces. In pH 3 solutions, the highest amount of delamination occurred
with 67% of the module pieces. In pH 7 solutions, the amount of delaminated module
pieces was still 50%. In alkaline solutions with pH 11, no delamination was observed with
agitation or with increased temperature.

We classified all these delaminations into three different types: (i) Total separation:
Here, the front side is clearly separated from the rear side. This delamination occurs in
case of CdTe and a-Si module pieces. Figure 2a shows a scheme of this delamination
type. (ii) Fractional separation: Here, only parts of the rear or front side are separated.
The major part of the module compound is still intact. This type of delamination takes
place for CIGS module pieces and for c-Si module pieces when leached in solutions with
pH 11. The scheme is shown in Figure 2b. (iii) Blistering: Figure 2c shows this third
type of delamination. Blistering occurs between either the front glass and the EVA foil, or
between the EVA foil and the solar cell, but there is no complete separation. This type only
occurs in c-Si module pieces.
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Figure 2. Different types of delamination during the leaching process: (a) Total separation (observed for CdTe and a-Si
module pieces). The front side is completely separated from the rear side. (b) Fractional separation (observed for CIGS and
c-Si module pieces). Only small parts of the rear side are separated; the major part of the module structure is still intact.
(c) Blistering (only observed for c-Si module pieces). Bubble formation emerges locally on the front side of c-Si module
pieces, either between glass and EVA or between EVA and solar cell depending on the pH. In this case, no separation occurs
between the front and the rear side.

Total separation: Figure 3a–d shows photographs of the front and the rear side of
a 5 × 5 cm2 CdTe module piece before and after 1.5 years of leaching. Before leaching
the CdTe module piece, the integrated series connection of the cells is visible (see the
horizontal lines) on the front side (Figure 3a) and also on the rear side (Figure 3b). On the
rear side, one sees also the solder ribbon. Only the rear side glass of the module piece
shows cracks caused by the water jet cutting. The breakage pattern of this glass indicates
that heat-strengthened glass is used as the rear side glass. Figure 3c,d shows the front and
the rear side of a CdTe module piece after the leaching process of 1.5 years in solutions with
pH 3. Apart from a few parts, the module material disappeared completely. The solder
ribbon is still attached to the rear side glass by an insulating tape. After this long-term
leaching, the front and the rear side glasses are no longer connected to each other, but
totally separated. For a-Si module pieces, the same type of delamination is observed.

Figure 3. Photographs of (a) the front and (b) the rear side of a 5 × 5 cm2 CdTe module piece before
leaching. On the rear side, the solder ribbon and the interconnection of cells are visible. (c) Front
side of the module piece after leaching over 1.5 years in solutions with pH 3. Apart from a few
visible remaining parts, the module material disappeared. (d) Rear side of the module piece after
the leaching. The solder ribbon with the insulating tape is visible and also some parts of remaining
layers. After 1.5 years of leaching, the front and the rear side glasses are no longer attached to each
other; total separation occurs.
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Fractional separation: Figure 4a–d shows photographs of the front and the rear side
of a 5 × 5 cm2 CIGS module piece before and after 1.5 years of leaching: parts of the rear
side are separated. Both glasses, the front and the rear side glass, show cracks due to the
water jet cutting. Figure 4c shows a photograph of the front side after 1.5 years of leaching
in solutions with pH 3. From the front side, a few transparent spots around the edges
are visible. From a more detailed look at the back side of the module piece (Figure 4d), it
becomes clear that at the transparent spots, parts of the rear side glass are missing, together
with the back contact and the active module layers. Therefore, only the transparent front
glass remains.

Figure 4. Photographs of (a) the front and (b) the rear side of a 5 × 5 cm2 CIGS module piece before
leaching. On the rear side, the edge sealing tape with the solder ribbon below is visible. In the front
glass, as well as in the rear side glass, cracks are recognizable; they stem from the water jet cutting.
(c) Front side after leaching for 1.5 years in pH 3 solution. (d) Rear side after leaching. Parts of the
rear glass are missing, together with the back contact and the active layers. Only the transparent
front glass remains.

Blistering: Figure 5a shows a photograph of a c-Si module piece of 5 × 5 cm2 in size
after 1.5 years of leaching in pH 3 solution. In this case, local bubble formation takes place
between the solar cell and the EVA foil, especially around the solder ribbon, but no total
separation is observed. In solutions with pH 11, delamination between the EVA foil and
the front glass appears across extended areas (Figure 5b). A few parts of the glass are
separated, and the exposed EVA foil with the solar cell below remains. Due to delamination,
the textured structure of the front glass becomes visible. The breakage pattern of the glass
matches the pattern known for tempered glass. The rear side of the c-Si module pieces
(white backsheet) shows no changes caused by leaching. Only for this PV technology,
the occurrence of delamination, i.e., blistering, does not depend on the pH value of the
leaching solution. Module pieces leached in pH 7 solutions also show blistering. Blistering
takes place at both locations: between the solar cell and the EVA foil, as well as between
the EVA foil and the front glass.



Energies 2021, 14, 692 8 of 21

Figure 5. Photographs of c-Si module pieces with 5 × 5 cm2 after 1.5 years of leaching in solutions
with (a) pH 3 and (b) pH 11. In solutions with pH 3, a local bubble formation occurs between the solar
cell and the EVA foil, preferably around the solder ribbon. In solutions with pH 11, a delamination
between the EVA foil and the front glass appears across extended areas. A few parts of the glass are
separated, and the exposed EVA foil with the solar cell below remains.

3.2. Leaching Results

The previous figures, as well as our previous experiments on milled module pieces [8]
give the proof for severe leaching for all module technologies. In the following, we present
detailed results on the elements that were leached out from module pieces of 5 × 5 cm2

in size. In a first publication [10], we presented preliminary leaching data for Cd, Te, and
Pb only and until Day 360, i.e., about one year. In contrast, here, we extend our study
to 1.5 years and include many more other elements. This gives us the chance to identify
possible weak spots and the leaching paths in the modules. In detail, we measure the
amount of the following elements in our water-based solutions of Table 1 with different
pH-values: Zn, Te, In, Ga, Se, Al, Mo, Cu, Cd, and Pb. The non-toxic element Si, which is
contained in the modules’ cells from crystalline, as well as from amorphous silicon, is not
measured, simply because the module glass itself also contains high amounts of Si. Our
measurement conducted by ICP-MS cannot distinguish between Si from the cells and from
the glass of the modules.

3.2.1. CdTe Module Pieces

Figure 6a shows the common structure of a CdTe module including the front glass
and front contact (usually tin oxide (SnO2)), the buffer layer cadmium sulfide (CdS),
the photoactive layer CdTe, the Mo back contact, the encapsulant EVA, and finally, the rear
side glass. The typical thickness of each layer is also given [19–21]. CdTe modules are
mostly fabricated in a superstrate configuration: the production process starts with the
front glass, on which the transparent front contact SnO2 is deposited. We used commercial
CdTe-modules for the preparation of the module pieces and measured the amount of
eluted elements with the above discussed ICP-MS method. Therefore, we are not able to
distinguish between the Cd from the CdS buffer layer and the Cd from the photoactive
CdTe film.

Figure 6b–d shows the time-dependent leaching of the elements Cd, Te, and Mo in
water-based solutions with pH 3, pH 7, and pH 11; see also [10] for the leaching results
of Cd and Te until Day 360. These results stemmed from experiments at TRT = 25 ◦C
without agitation. In all solutions, the amount of leached elements increases with time,
but with different leaching rates for different pHs of the solutions. At the early beginning
of leaching, Mo from the back contact leaches out with the highest amount, followed by Cd.
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Tellurium leaches the least. Thus, already from this observation, it becomes clear that the
Mo layer is a weak spot in the case of the CdTe module. After approximately 300 days of
leaching, the concentration of Te increases dramatically and approaches the eluted amount
of Cd and Mo. Around this time of leaching, delaminations are observed. After 1.5 years,
the concentrations of eluted Cd and Mo related to the total amount in the module piece
in acidic solutions (pH 3) reach cCd ≈ 92% and cMo ≈ 88%. The amount of eluted Te is
cTe ≈ 54%.

Figure 6. (a) Schematic structure of a typical CdTe module (not drawn to scale) and (b) time-
dependent leaching results of the elements Cd, Te, and Mo from CdTe module pieces in acidic
aqueous solutions with pH 3 and (c) in solutions with pH 7 and (d) pH 11.

Figure 6c shows the leaching in water-based solutions with pH 7. Here, the concen-
trations of eluted Cd, Mo, and Te, finally, after 1.5 years, reach cCd ≈ 4, 5%, cMo ≈ 19%,
and cTe ≈ 7.8%, respectively. In this case, the leaching of Cd and Te shows the same
time-dependent leaching behavior. The large standard deviations for Te appearing after
approximately 300 days of leaching are due to the delamination of one module piece out
of three experimental runs. Clearly, after delamination of this particular module piece,
substantially higher amounts are leached out, because the leaching solution is able to
directly attack the CdTe layers from the surface. Therefore, we observe substantially higher
amounts of eluted Te and slightly higher amounts of Cd for this one out of the three experi-
mental runs. The leaching of Mo is highest from the beginning to the end and comparable
to the leaching amounts of Cd and Te.

Figure 6d presents the leaching data for pH 11. Here, at the end of the experiment,
the amount of eluted Mo is still high with cMo ≈ 34%. The measured concentration of Te is
below 1% after 1.5 years, and the amount of leached Cd is the lowest. In solutions with
pH 11, the time-dependent leaching rates of Cd and Te are much lower compared to the
leaching rates in solutions with pH 7 and pH 3. For all conditions, the leaching rate of Mo
is always higher than the one of Cd and Te. This indicates again that, in the case of CdTe
modules, the Mo back contact is a weak spot.
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The leaching results in Figure 6b–d clearly demonstrate an enormous difference
between the leaching concentrations after one day and after the 1.5 years. For example,
the Cd-elution in pH 3 at the end of the experiment reaches almost 100%, whereas it is
only about 1 % after one day. For pH 3 and pH 7, the eluted concentrations increase
approximately linearly with time: a one order of magnitude increase (on the log-scale) of
the time leads to a one order of magnitude higher concentration (on the log scale) of the
concentration. For pH 11, the data approach a square root dependence with time: it needs
a two orders of magnitude increase on the time scale for a one order of magnitude increase
on the concentration scale.

Figure 7 shows the ratio RCd:Te of dissolved Cd to dissolved Te from leaching CdTe
module pieces in solutions with pH 3, pH 7, and pH 11. For leaching solutions with pH 3,
the value of RCd:Te is not constant over the leaching time. At the beginning of leaching,
RCd:Te is highest with 35:1, but with time, it approaches RCd:Te ≈ 1. For neutral solutions
with pH 7, RCd:Te ≈ 1 and is almost constant over time. The same behavior applies for
leaching in alkaline solutions, but with RCd:Te ≈ 0.1. This means that more Te is dissolved
in the solutions.

Figure 7. Ratio RCd:Te of dissolved Cd to dissolved Te from leaching CdTe module pieces in solutions
with pH 3, pH 7, and pH 11.

3.2.2. CIGS Module Pieces

Figure 8a shows a schematic cross-section through a CIGS module, composed of the
front glass with EVA, the front contact (usually consisting of aluminum-doped zinc oxide,
ZnO:Al), a buffer layer of CdS, the absorber layer Cu(In, Ga)Se2, and a thin interfacial
layer of MoSe2 between the substrate glass and the CIGS. The MoSe2 is formed by a
reaction between the Mo and the Se atmosphere during the deposition of the Cu, In,
and Ga [22]. CIGS modules are built in a substrate configuration. The fabrication starts
with the deposition (sputtering or evaporation) of Mo on the rear glass. Then, the CIGS is
deposited, mostly by co-sputtering or thermal evaporation of the constituent elements, Cu,
In, and Ga in a Se atmosphere.

Figure 8b shows the leaching data for Zn, Cd, Mo, Cu, Ga, and In in pH 3 solutions.
At the beginning of leaching, Zn from the front contact shows the highest amount with
cZn ≈ 1% already after one day; finally, we observe cZn ≈ 62% after 1.5 years. Furthermore,
already after one day, certain amounts of Mo from the back contact and In from the absorber
layer are measurable in the solutions. Other elements, like Cd, Cu, and Ga, are detected
later on. The leaching rates of each element differ in absolute values, but show a similar
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time dependence. The leaching of the Mo from the CIGS module pieces differs from the
data for Mo from CdTe module pieces (see Figure 6b). The Mo from CdTe module pieces
seems to be more soluble, in particular for acidic solutions. The difference probably results
from the formation of MoSe2 at the back side of the CIGS films.

Figure 8c shows the leaching of Zn, Cd, Mo, Cu, Ga, and Se in pH 7 solutions. Indium
is not detected in the solution with pH 7. The leaching of Zn for this pH is lower than
that for pH 3, and so is the concentration after 1.5 years. In solutions with pH 11, we
only find Mo, Ga, and Se with low concentrations in the solutions, as shown in Figure 8d.
The leached Mo is lowest for pH 11 compared to the data from solutions with pH 3 and
pH 7. In the case of CIGS module pieces, comparable to CdTe, the Mo back contact is a
weak spot, but also the front contact Zn and the buffer layer Cd.

Figure 8. (a) Schematic structure of a typical CIGS module (not drawn to scale) and (b) time-
dependent leaching results of the elements Zn, Cd, Mo, Cu, Ga, and In from CIGS module pieces in
acidic aqueous solutions with pH 3 and (c) in solutions with pH 7 and (d) pH 11. In leaching solutions
with pH 11, the concentrations of the elements Cd, Zn, Cu, and In are below the detection limit.

3.2.3. c-Si Module Pieces

Figure 9a shows a schematic cross-section through a classic c-Si module, consisting of
a front glass with EVA, a silver front contact grid with contact fingers and busbars, and
the silicon solar cell with a screen printed aluminum back contact and screen printed Ag
contact pads (not drawn in the scheme). In contrast to thin film modules, instead of a
rear glass, most c-Si modules have a backsheet and a second EVA sheet at the rear side.
Figure 9b,c shows the leaching data for Al and Pb for pH 3 and pH 11 (see also [10] for the
leaching results of Pb until Day 360). In the case of pH 7, the concentrations of Al and Pb
are below the detection limit, which is 500µg/L for Al and 20µg/L for Pb. The eluted Pb
stems either from the solder ribbon, which is not shown in the schematic cross-section, or
from the screen printed metallization. For pH 3, the amount of leached Pb remains constant
and below 0.1% until Day 241. After this time, the concentration increases dramatically up
to cPb ≈ 3.7% after 1.5 years. The concentration of Al reaches cAl ≈ 27% after 1.5 years in
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the acidic solution. In contrast, for the alkaline solution with pH 11, the concentrations of
Al and Pb are significantly lower, as shown in Figure 9c. In both cases, the leaching rates of
Al are orders of magnitude higher than the ones for Pb. Thus, in the case of c-Si module
pieces, the Al contact, which is screen printed and fired into the back side, makes up the
weak spot and opens the path for leaching.

Figure 9. (a) Schematic structure of a typical c-Si module (not drawn to scale) and (b) time-dependent
leaching results of Al and Pb from c-Si module pieces in acidic aqueous solutions with pH 3 and
(c) in solutions with pH 11. In leaching solutions with pH 7, the concentrations of Al and Pb are
below the detection limit.

3.2.4. a-Si Module Pieces

The common structure of an a-Si module is shown in Figure 10a. Amorphous silicon
modules typically consist of a front glass with the front contact layer (SnO2 is mostly used),
the photoactive p-i-n layer from a-Si, followed by an intermediate layer consisting of ZnO
and Ag, the back contact with a combination of Ni and Cu, and the encapsulant with the
rear glass [23]. Similar to the production of CdTe modules, a-Si modules are built in a
superstrate configuration, starting with the deposition of the front contact directly on the
front glass. Figure 10b,c shows the concentrations of eluted Zn, Cu, and Ni in the solutions
with pH 3 and pH 7. Unfortunately, we do not have any data about Ni before Day 388 of
leaching. In leaching solutions with pH 11, the concentrations of Zn, Cu, and Ni are below
the detection limits. For the other pH-values, we are able to present data: Zn, which stems
from the intermediate layer, shows strong leaching with concentrations up to cZn ≈ 90%
after 1.5 years of leaching in the acidic pH 3 solution. The concentration of eluted Ni lies in
the same range, whereas the concentration of Cu is cCu ≈ 7.5%. In aqueous solutions with
pH 7, the elements Zn, Ni, and Cu leach only in minor amounts. The elements Zn, Cu, and
Ni are leached out linearly with time, but with different rates depending on the element
itself, as well as on the pH of the solution. In all cases, the leaching of the Zn is highest,
and therefore, we identify the ZnO layer as a weak spot in a-Si module pieces.
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Figure 10. (a) Schematic structure of a typical a-Si module (not drawn to scale) and (b) time-
dependent leaching results of Zn, Cu, and Ni from a-Si module pieces in acidic aqueous solutions
with pH 3 and (c) in solutions with pH 7. In leaching solutions with pH 11, the concentrations of Zn,
Cu, and Ni are not measurable according to the detection limit.

3.3. Accelerating Leaching Parameters for Cd from CdTe Module Pieces

All of the experiments considered so far were performed without any acceleration,
for example, by elevated temperatures or stirring/agitation. Figure 11a,b compares the
data for Cd, leached out from CdTe module pieces, for the three different pH-values and
with/without agitation. Apart from the tests at TRT = 25 ◦C, we also used additional
agitation and solutions at an elevated temperature TIT = 40 ◦C. All test series ran in
parallel. Figure 11a shows the results after t = 1 day and Figure 11b after t = 416 days.
The comparison of the two figures again underlines the dramatic difference in the leaching
results after one day and after more than a year. Therefore, standard leaching experiments,
which are only carried out over one day, are more or less meaningless, when one aims at
judging the toxicity of CdTe modules. Furthermore, after just one day (see Figure 11a),
additional agitation and/or elevated temperatures only slightly increase the amount of
eluted Cd, even if for pH 3 solutions. In contrast, in particular for pH 7, increasing the
temperature from TRT = 25 ◦C to TRI = 40 ◦C results in five times stronger leaching.
Leaching in pH 11 solution triples the leaching of Cd for the same temperature increase.
In contrast, in the case of agitation, we are not able to detect any Cd in the alkaline solutions
after one day. In the case of pH 3, for all experimental conditions, after t = 416 days,
the amount of eluted Cd in acidic solutions reaches almost 100%. In the case of the
neutral pH 7 solutions, the final data all lie in the same range of 2% < cCd < 4%. After
416 days, the eluted Cd reaches saturated values. Therefore, as shown in Figure 11b, there
is almost no or only minor differences between the data with and without additional
accelerating parameters.
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Figure 11. Dramatic difference between the leaching data after one day and more than a year of Cd out of CdTe module
pieces. (a) Amount of eluted Cd from CdTe module pieces after t = 1 day in solutions of pH 3, 7, and 11 and different
leaching conditions: with/without agitation and increased temperature TIT = 40 ◦C plus agitation. For all conditions,
after one day, the Cd concentration ranges below 1%. (b) Amount of eluted Cd from CdTe module pieces after t = 416 days.
For pH 3, almost 100% of the Cd is leached out. For pH 7, still several percent are leached out. This finding raises the
question of the meaningfulness of judging the toxicity of CdTe containing modules with tests that are carried out for one
day only.

3.4. Analysis of Time Dependence

To get a better understanding of how the different leaching conditions affect the time-
dependent leaching, we fit the measured concentration C(t) at the time t to an exponential
model according to:

C(t) = Cmax(1 − e−
t
τ ), (2)

where Cmax is the maximum, final concentration dissolved in the solution and τ is the
leaching time constant. The leaching time constant represents the time for the concentration
to reach 63% of its final value as a measure of leaching velocity. For times t � τ, the Taylor
expansion of Equation (2) yields a linear behavior according to:

C(t) = Cmax
t
τ

. (3)

Indeed, in almost all of our experiments, if not disturbed by delamination effects, we
see the linear time dependence predicted by Equation (3) and the saturation predicted
by Equation (2). Equation (3) is the direct consequence of the number of atoms (Cd)that
are leached per unit time, being directly proportional to the number of atoms that are
still available for etching. Such an approach always leads to an exponential function such
as Equation (2). However, not only delamination (which is expected to accelerate the
leaching), but also other effects such as the formation of surface layers (see our work [24]),
diffusion limitations, and/or the formation of precipitates could result in deviations from a
behavior following Equations (2) and (3). For a diffusion limited leaching on a thin layer,
one would observe a square root dependence, as discussed in [24]. This might be the case
for some of the data here, in particular for pH 11.

Most of experimental data, in particular for pH 3 and pH 7, show an excellent agree-
ment with the linear behavior, predicted by Equation (3) for time t � τ, as well as for the
saturation behavior, Equation (2). As an example, Figure 12a–c shows the time-dependent
leaching of Cd from CdTe module pieces in solutions with pH 3 for the three different leach-
ing conditions. The data are excellently fit with coefficients of determination R2 ≥ 0.96.
Figure 12d–f shows the leaching data of Cd in solutions with pH 7. The dotted lines
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represent the calculated fit according to Equation (2). The dashed lines show the calculated
maximum Cd concentration Cmax in the solutions; the time constants τ are also given.
Modifications to the leaching conditions lead to accelerated leaching with a shorter time
constant τ: For example, increasing the temperature to TIT = 40 ◦C, as shown in Figure 12c,
leads to a time constant that is only a third of the value at TRT = 25 ◦C. In contrast to the
time constant, the Cmax-value is almost independent of the leaching conditions in pH 3
solution; it holds Cmax ≈ 100%. Figure 12d shows the leaching data for pH 7 at TRT = 25 ◦C
without agitation; we find τ = 210 days. After this time t = τ, a value of 63% of the
maximum Cd concentration is reached, which is estimated to be Cmax = 4.8%. Modified
experiments slightly decrease the maximum concentration, which we explain by the large
standard deviations at the end of leaching, caused by the delamination of module pieces.
Additional agitation decreases the time constant to τ = 80 days (Figure 12e); increased
temperature yields τ = 20 days (Figure 12f), i.e., four-times faster leaching.

The excellent fits of our leaching data for pH 3 and pH 7 to Equations (2) and (3) show
also that in this case, the leaching is not limited by any diffusion processes, which might
take place inside or on the surface of the CdTe layers (this statement holds also for the
experiments on all other cell technologies). This behavior is in contrast to our results on
the leaching of milled module pieces, which were reported in a separate publication [24].
There, the model for the small spherical CdTe particles, with sizes below one millimeter,
predicts a power law, with leaching data following a dependence on time t according to
t0.43. Indeed, in [24] we observed this behavior for the small particles also experimentally.
Due to the different size and geometry of the samples, the leaching from the flat plates
of module pieces as presented here, at least for pH 3 and pH 7, follows a different time
dependence, which, for short times compared to the leaching time constant, is t1.0, as,
for example, shown in Figure 6b,c.

Figure 12. Leaching of Cd from CdTe module pieces in solutions with pH 3 at (a) TRT = 25 ◦C, (b) at TRT = 25 ◦C with
agitation, and (c) at TIT = 40 ◦C with agitation. Eluted Cd in solutions with pH 7 at (d) TRT = 25 ◦C, (e) at TRT = 25 ◦C with
agitation, and (f) at TIT = 40 ◦C with agitation. The dotted lines represent the calculated fit according to Equation (2) with
high coefficients of determination R2. The dashed lines show the calculated maximum concentration Cmax in the solutions.

Figure 13a shows the leaching time constant τ for pH 3 and pH 7: A higher temperature
results in faster leaching. In our study, TIT = 40 ◦C is used, which is a common temperature
PV modules reach when exposed to sunlight; on hot summer days, the temperatures are
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even higher. In solutions with pH 7, the change in the leaching time constant due to
varied conditions is even stronger. In contrast to a different τ, Figure 13b shows that the
maximum concentration Cmax of eluted Cd remains nearly constant and independent of
modifications to the leaching conditions. However, the value Cmax highly depends on the
pH of the leaching solution: it holds Cmax ≈ 100% for pH 3 and Cmax ≤ 4.8% for pH 7.
The lower Cmax for pH 7 is explained by the formation of cadmium hydroxide in neutral
solutions. This compound is not soluble and therefore not detected by our measurement
method ICP-MS.

Figure 13. Calculated fit parameters for the leaching of Cd from CdTe module pieces under different conditions. (a) Leaching
time constant τCd for solutions with pH 3 and pH 7. (b) Maximum concentration Cmax for the same conditions as in (a).

3.5. Mass Balance for CdTe Module Pieces

Figure 14 shows the distribution of the mass fractions for the elements Cd, Te, and
Mo from CdTe module pieces leached for 700 days at TRT = 25 ◦C without agitation: the
dissolved amount in the solution Mdiss, the remaining mass in the module piece MMP after
the leaching process, and the mass of the filter residue MFR with particles bigger than
0.45 mm. There are strong differences between the leaching behavior for pH 3 and pH 11:

pH 3: Almost all Cd, Te, and Mo from the module pieces is found in the mass Mdiss
of dissolved elements. In particular, for Cd, almost nothing remains in the module piece
(mass MMP) or is found in the mass MFR of precipitates.

pH 11: Almost all Cd and Te still remain in the module pieces and are represented
by the mass MMP. Only in the case of Mo, a part of the Mo is measured in the solution as
Mdiss.

Mass loss for Te and Mo: The sum of the masses in the solution, filter, and module
pieces measured after the leaching should reach 100% of the value before the leaching.
However, for Te and Mo, the sum of the measured values after leaching is below 100%.
The relatively small amount of missing mass is termed MRest in Figure 14. We explain
the difference by the milling process for the determination of the remaining mass MMP
in the module piece. For a few samples, the milling process did not completely crush the
encapsulation. The Mo back contact has a strong adhesion to the encapsulant. Therefore, it
seems possible that not all Mo material was digested. There might also be a material loss
during the filtration process, either when drying the filter afterwards, or due to particles
remaining in the HDPE bottles despite carefully repeated rinsing.
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Figure 14. Mass balance of the CdTe module piece after 700 days in leaching solutions with (a) pH 3 and (b) pH 11 at
TRT = 25 ◦C without agitation. In solutions with pH 3, the largest fraction of Cd, Te, and Mo is dissolved and found as
Mdiss; only a small fraction MMP remains in the module pieces. No Cd-particles (mass MFR) are measured within the filter
residue, whereas for Te and Mo, a small part is found in the residue. In solutions with pH 11, the major part of the elements
Cd and Te remains in the module piece and is not leached out. Molybdenum is also measured in the solution.

4. Discussion

The combination of leaching experiments and the observation of delamination yields
the following major insight: In the case of thin film modules (CdTe, CIGS, and a-Si), the de-
lamination is the consequence of the high solubility of one or more thin layers of the
modules’ cells. They form a path for the attack of the water-based solutions. In contrast,
in the case of modules containing cells from crystalline silicon, the cell’s Al back contact is
highly soluble, but not responsible for delamination. Instead, blistering occurs: delamina-
tion of c-Si modules is not visible on the back side, but on the front side, either between
the front glass and EVA or between the EVA and the Si cell, depending on the pH of the
leaching solution. Delamination between the front EVA and solar cell preferentially occurs
around the solder ribbon on the front side of the cell and is therefore correlated with the
leaching of Pb out of the solder ribbon. The backsheet on the rear side of the c-Si module
piece shows no changes after the leaching. Unfortunately, the backsheet is not transparent;
therefore, we do not have information about the condition of the solder ribbon on the back
side and how the leaching of the Al back contact affects the leaching of the solder ribbon
on the back. In solutions with pH 3, a local delamination takes place between the solar cell
and the EVA foil, whereas in pH 11 solutions, the delamination occurs between front glass
and EVA. In pH 7 solutions, we observe both kinds of delamination. The solution probably
attacks the coupling agent. Therefore, in this case, we assume adhesion problems to be the
main reason for blistering.

In the case of CdTe module pieces, the photoactive CdTe, as well as the Mo back contact
are highly soluble in acidic, aqueous solutions with pH 3. The severe leaching correlates
with the frequent total separation, i.e., delamination of the module pieces. For this type of
module and under acidic conditions, frequently, the front side is clearly separated from the
rear. As a consequence, this delamination enhances the leaching, especially of Te, which is
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observed in all leaching solutions, independent of pH. For short times, leaching for Cd,
Te, and Mo increases linearly with time, but at different rates; the rates depend on the pH.
The ratio RCd:Te of eluted Cd to eluted Te Cd:Te also depends on the pH. This behavior is
in accordance with the Pourbaix (potential-pH) diagram for CdTe in aqueous solutions
showing the possible species of Cd and Te depending on the pH and the redox potential
EH [9]. In solutions with pH 3, the Te species have a lower solubility compared to the
Cd species, which are present as Cd2+ ions. The solubility of predominant species of Cd
and Te for pH 7 is the same, which explains the ratio RCd:Te = 1. In solutions with pH
11, probably, Te species form with a solubility that exceeds that of Cd. This assumption
explains the estimated RCd:Te ≈ 0.1. It is notable that only in solutions with pH 3, the ratio
RCd:Te is strongly time dependent, whereas it is almost constant for solutions with pH 7
and pH 11.

Increasing the temperature results in accelerated leaching of Cd from CdTe module
pieces. The same behavior was earlier reported by Collins and Anctil [25] for the leaching of
Cd from CIGS modules and Pb from c-Si modules, by increasing the leaching temperature
to T = 50 ◦C. All of our leaching data for Cd are well described by Equation (2) and the
Cmax-value for Cd, which decreases with increasing pH. This finding is in accordance with
the data reported by Ramos-Ruiz [5] on leaching of Cd and Te out of CdTe modules in
solutions with different pH values under simulated landfill conditions. This pH-dependent
leaching is understood on the basis of known leaching patterns, not only for Cd, but for all
measured elements in this study.

In contrast to CdTe modules, with total delamination, for CIGS module pieces, frac-
tional separation occurs in solutions with pH 3, as well as with pH 7: only parts of the
rear side are separated. Our leaching experiments point out all CIGS module layers to be
more or less soluble in aqueous solutions. The highest solubility is found for Zn from the
front contact in pH 3 solutions, and at this location, we observe the fractional separation.
With the Zn eluted, there is no longer a stable bond between the front glass/EVA and the
rear side consisting of the photoactive layers (CdS, CIGS) and the back contact on top of
the rear glass.

The leaching concentrations of Cd out of CIGS module pieces are lower than from
CdTe module pieces. This lower leaching of Cd indicates that CdS in the CIGS cells is more
stable against the solutions than CdTe. The Mo back contact of CIGS module pieces also
seems to be more stable than the Mo back contact of CdTe module pieces. Between these
two module types, the amounts of leached Mo differ especially in solutions with pH 3 and
pH 11: in these solutions, Mo from CIGS shows lower leaching than Mo from CdTe module
pieces. This difference probably arises from the formation of the MoSe2 layer during the
deposition of the CIGS layer in module fabrication. Theelen et al. [26] proposed that MoSe2
prevents the formation of molybdenum oxide, MoOx, which is the main reason for the
degradation of Mo when it comes in contact with water or moisture. Modules from CdTe
do not contain a protecting MoSe2 layer. Therefore, during leaching, MoOx is probably
formed. The formation of MoOx results in a large volume expansion [26]. This could
explain the observed delaminations for CdTe module pieces.

Amorphous silicon module pieces show also highly time-dependent leaching, in par-
ticular the front layer of ZnO in combination with the Ni/Cu back contact. After 1.5 years
of leaching, the elements Zn and Ni reach almost 100% in solutions with pH 3. The time-
dependent leaching behavior of Zn from a-Si module pieces is similar to the leaching
behavior of Zn from CIGS module pieces in both solutions of pH 3 and pH 7. The leaching
rates are also comparable. Therefore, in the case of a-Si modules, ZnO is a weak spot. This
finding is in line with the experiments of Pern et al. [27]: These authors studied the stability
of various transparent conducting oxides (TCO), including ZnO. In their experiments,
ZnO showed the highest degradation rates (of all studied TCOs) when it comes in contact
with moisture.
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5. Conclusions

Our leaching experiments on PV modules pieces from CdTe, CIGS, c-Si, and a-Si
in water-based solutions with pH 3, pH 7, and pH 11 simulate different environmental
conditions. Due to the wide span of pH-values, it seems also possible to predict from our
experiments the behavior for other pH-values. During the leaching over 1.5 years, we
observe different types of delamination. In the case of thin film modules (CdTe, CIGS, a-Si),
the thin film layers themselves or the contact materials (e.g., Mo, ZnO) are the weak spots.
Finally, their leaching leads to delamination. In contrast, in the case of modules with c-Si,
the Al back contact shows the strongest leaching. However, this leaching is not responsible
for the delamination. Instead, problems with the EVA causes blistering, which leads to the
delamination of the module pieces with c-Si.

The time-dependent leaching is well described by an exponential saturation behavior
with a leaching time constant, at least for low pH-values. The leaching time constant differs
from element-to-element and changes under agitation and/or a temperature increase.
For times small compared to this time constant, the amount of leached out elements
increases linearly with time. It is therefore understandable that, roughly speaking, the
concentrations of many leached out elements after 500 days are also more than two orders of
magnitude higher than after one day. However, we observe also ratios of the concentrations
after one 500 days and after one day that are higher or lower than two orders of magnitude:
Higher values are obtained, when delamination occurs during leaching. Lower values are
obtained when, for example, the ratio of eluted to precipitating elements changes during
the experiment.

In the case of Cd leaching from CdTe module pieces, increased temperature leads to
substantially accelerated leaching. In contrast, the maximal concentration of leached Cd
only depends on the pH of the solution. A mass balance method shows that Cd, which is
not measured in the solutions as dissolved, remains in the module pieces themselves and
is not, as expected, leached out and then precipitated in the solutions.

In any case and under all experimental conditions, it is possible to either leach out all
or a substantial amount of most elements from the module pieces. Clearly, in the case of
our module pieces, leaching starts from the unprotected edges of the pieces of 5 × 5 cm2 in
size, cut out from large area modules. During the manufacturing of commercial modules,
they are provided with an edge sealing, which should prevent any leaching under normal
operating conditions of the (undamaged) modules. However, if the edge sealing of the
modules is not carefully done, or if it is damaged, or even worse, if the (front) module
glass is broken, leaching is unavoidable. Rain water with pH values always below pH 7
will suffice to leach out the (toxic) elements. Even worse, if modules are cracked, crushed,
or even milled and end up in landfills, the module constituents will also be leached out.
Therefore, if toxic materials are not completely avoided in photovoltaic modules, it is of
utmost importance to (i) replace damaged modules as fast as possible and to (ii) recollect
and recycle them completely. In all other cases, in view of the huge amount of installed
PV modules, most of them still containing Pb (mostly in the solder of the cell connectors)
and/or Cd, they may impose a severe danger to the environment.

Compared to other, earlier studies, our experiments were carried out over more than
a year. As one of the key results, we found huge differences between the amount of
elements found in the solutions after one day and more than a year. In our opinion, tests
for just one day are inappropriate to judge module technologies, in particular if conclusions
and political decisions on the toxicity and environmental issues of photovoltaic module
technologies are based on such short-term measurements.
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 Exhibit 4: 
 August 2018,  EPA Confirms GenX Chemicals Used in Solar Panels  , 

 published by the Carolina Journal. 











 Exhibit 5: 
 Excel file, PFAS testing results for drinking water wells (community 

 and non-community) in Wareham, downloaded by Save the Pine 
 Barrens from the Massachusetts EEA Data Portal November 13, 2022. 



PWS ID PWS Name Town Class Contaminant Group Chemical Name Collected Date Result UOM Result Qualifier Result Descrip�on Repor�ng Limit Loca�on ID Loca�on Name Raw or Finished Method Required Detec�on LimitMaximum Contaminant LLab Reported Detec�on L
4310000 WAREHAM COM PFAS PFAS6 07/05/2022 ND NG/L 2 NG/L 10036 MAPLE SPRINGS PLANT F EPA 537.1 20 0.5000 NG/L 2.0000
4310003 ONSET FIRE DISTRICT WAREHAM COM PFAS PFAS6 01/27/2022 ND NG/L 2.1000 NG/L 10405 WELL #7 F EPA 537.1 20 2.1000 NG/L 2.0000
4310000 WAREHAM COM PFAS PFAS6 07/19/2021 ND NG/L 2 NG/L 10031 SEAWOOD SPRINGS F EPA 537.1 20 Not Recorded 2.0000
4310003 ONSET FIRE DISTRICT WAREHAM COM PFAS PFAS6 09/14/2021 2.84 NG/L 1.8100 NG/L 10400 WELLS #3,#4 (01G,02G) F EPA 537.1 20 0.5980 NG/L 2.0000
4310003 ONSET FIRE DISTRICT WAREHAM COM PFAS PFAS6 01/27/2022 ND NG/L 2 NG/L 10402 WELL #6 F EPA 537.1 20 2.0000 NG/L 2.0000
4310000 WAREHAM COM PFAS PFAS6 04/21/2021 ND NG/L 2 NG/L 10035 F EPA 537.1 20 Not Recorded 2.0000
4310003 ONSET FIRE DISTRICT WAREHAM COM PFAS PFAS6 09/14/2021 ND NG/L 1.8600 NG/L 10401 WELL #5 F EPA 537.1 20 0.6130 NG/L 2.0000
4310003 ONSET FIRE DISTRICT WAREHAM COM PFAS PFAS6 01/27/2022 ND NG/L 2.2000 NG/L 10401 WELL #5 F EPA 537.1 20 2.2000 NG/L 2.0000
4310000 WAREHAM COM PFAS PFAS6 07/19/2021 ND NG/L 2 NG/L 10035 F EPA 537.1 20 Not Recorded 2.0000
4310000 WAREHAM COM PFAS PFAS6 01/03/2022 ND NG/L 2 NG/L 10034 F EPA 537.1 20 0.5000 NG/L 2.0000
4310003 ONSET FIRE DISTRICT WAREHAM COM PFAS PFAS6 09/14/2021 ND NG/L 1.8800 NG/L 10402 WELL #6 F EPA 537.1 20 0.6210 NG/L 2.0000
4310003 ONSET FIRE DISTRICT WAREHAM COM PFAS PFAS6 09/26/2022 9.8 NG/L 1.8000 NG/L RW-02G WELL 3 RAW R EPA 537.1 20 1.8000 NG/L 2.0000
4310000 WAREHAM COM PFAS PFAS6 04/21/2021 ND NG/L 2 NG/L RW-03G R EPA 537.1 20 Not Recorded 2.0000
4310003 ONSET FIRE DISTRICT WAREHAM COM PFAS PFAS6 01/18/2022 ND NG/L 1.8000 NG/L RW-01G WELL 4 RAW R EPA 537.1 20 0.5950 NG/L 2.0000
4310003 ONSET FIRE DISTRICT WAREHAM COM PFAS PFAS6 09/26/2022 3.3 NG/L 1.8000 NG/L 10400 WELLS #3,#4 (01G,02G) F EPA 537.1 20 1.8000 NG/L 2.0000
4310000 WAREHAM COM PFAS PFAS6 10/17/2021 ND NG/L 1.7000 NG/L 10035 F EPA 537.1 20 Not Recorded 2.0000
4310000 WAREHAM COM PFAS PFAS6 04/21/2021 ND NG/L 2 NG/L 10034 F EPA 537.1 20 0.4000 NG/L 2.0000
4310000 WAREHAM COM PFAS PFAS6 04/21/2021 ND NG/L 2 NG/L RW-07G R EPA 537.1 20 0.4000 NG/L 2.0000
4310000 WAREHAM COM PFAS PFAS6 04/21/2021 ND NG/L 2 NG/L RW-02G R EPA 537.1 20 Not Recorded 2.0000
4310003 ONSET FIRE DISTRICT WAREHAM COM PFAS PFAS6 04/27/2022 ND NG/L 2.1000 NG/L 10401 WELL #5 F EPA 537.1 20 2.1000 NG/L 2.0000
4310003 ONSET FIRE DISTRICT WAREHAM COM PFAS PFAS6 04/27/2022 ND NG/L 2.2000 NG/L 10402 WELL #6 F EPA 537.1 20 2.2000 NG/L 2.0000
4310000 WAREHAM COM PFAS PFAS6 04/04/2022 ND NG/L 2 NG/L 10036 MAPLE SPRINGS PLANT F EPA 537.1 20 0.5000 NG/L 2.0000
4310003 ONSET FIRE DISTRICT WAREHAM COM PFAS PFAS6 04/27/2022 ND NG/L 2.1000 NG/L 10405 WELL #7 F EPA 537.1 20 2.1000 NG/L 2.0000
4310000 WAREHAM COM PFAS PFAS6 04/21/2021 ND NG/L 2 NG/L RW-04G R EPA 537.1 20 Not Recorded 2.0000
4310003 ONSET FIRE DISTRICT WAREHAM COM PFAS PFAS6 09/14/2021 ND NG/L 1.7800 NG/L 10405 WELL #7 F EPA 537.1 20 0.5890 NG/L 2.0000
4310000 WAREHAM COM PFAS PFAS6 04/21/2021 ND NG/L 2 NG/L RW-08G R EPA 537.1 20 Not Recorded 2.0000
4310000 WAREHAM COM PFAS PFAS6 10/18/2021 ND NG/L 1.7000 NG/L 10034 F EPA 537.1 20 Not Recorded 2.0000
4310000 WAREHAM COM PFAS PFAS6 04/21/2021 ND NG/L 2 NG/L RW-06G R EPA 537.1 20 Not Recorded 2.0000
4310000 WAREHAM COM PFAS PFAS6 07/19/2021 ND NG/L 2 NG/L 10034 F EPA 537.1 20 Not Recorded 2.0000
4310000 WAREHAM COM PFAS PFAS6 04/21/2021 ND NG/L 2 NG/L RW-01G R EPA 537.1 20 Not Recorded 2.0000
4310003 ONSET FIRE DISTRICT WAREHAM COM PFAS PFAS6 09/26/2022 ND NG/L 1.9000 NG/L RW-01G WELL 4 RAW R EPA 537.1 20 1.9000 NG/L 2.0000
4310003 ONSET FIRE DISTRICT WAREHAM COM PFAS PFAS6 01/18/2022 10.6 NG/L 1.8500 NG/L RW-02G WELL 3 RAW R EPA 537.1 20 0.6110 NG/L 2.0000
4310003 ONSET FIRE DISTRICT WAREHAM COM PFAS PFAS6 07/26/2022 25.9 NG/L 1.8000 NG/L 10400 WELLS #3,#4 (01G,02G) F EPA 537.1 20 1.8000 NG/L 2.0000
4310000 WAREHAM COM PFAS PFAS6 01/03/2022 ND NG/L 2 NG/L 10035 F EPA 537.1 20 0.5000 NG/L 2.0000
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 Exhibit 6: 
 September 2021,  PFAS and other compounds in solar panels, wiring, 

 and coatings  , published by Saving Greene. 

























 Exhibit 7: 
 2022,  Zoning By-Law Amendments: Article 5 Section 590 Solar Energy 
 Generation Facilities, Article 3 Section, 320 Use Table, and Article 16 

 Definition  s, prepared by the Town of Wareham. 
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Town Meeting Warrant Article 
 
 

Warrant Article: 
 

 
Identifier: (to be determined by office)      Article # ___________________ 
   
Title:  
Zoning By-Law Amendments: 
Article 5 Section 590 Solar Energy Generation Facilities, Article 3 Section 
320 Use Table, and Article 16 Definitions 
 
Warrant Article: 
To see if Town Meeting will delete Article 5 Section 590 of the Wareham Zoning By-
Laws in its entirety and to replace it with the version of the Article 5 Section 590 
Solar Energy Generation Facilities bylaw as presented and to make revisions as 
presented to Article 3 Section 320 Use Table and Article 16 Definitions of the 
Wareham Zoning By-Laws as necessary and related to Article 5 Section 590 or to 
take any action relative thereto. 
 

Motion: 
I move that Town Meeting vote to delete Article 5, Section 590 of the Wareham 
Zoning By-Laws in its entirety and to replace it with the version of Article 5 Section 
590 Solar Energy Generation Facilities bylaw as presented and to make revisions as 
presented to Articles 3 Section 320 Use Table and Article 16 Definitions of the 
Wareham Zoning By-Laws as necessary and related to Article 5 Section 590. 
 
 

Explanation: 
 
Revisions to Section 590 and other supporting bylaw sections of the Wareham Zoning By-Law 
have been made by the Solar Bylaw Study Committee after careful consideration and significant 
community input.  
 
The Committee, comprised of seven Wareham citizens of diverse backgrounds, has aimed to 
balance the rights of landowners to use their land to develop solar energy systems while being 
committed to protecting the health, safety and welfare of our diverse communities including but 
not limited to the environmental justice and elderly populations and to preserve the natural 
environment.  
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The goal is to encourage the responsible use of solar energy generation facilities, encourage 
construction and operation of Large-Scale Ground-Mounted Solar Photovoltaic Installations in 
previously disturbed  areas to minimize adverse ecological impacts, to provide standards for the 
placement, design, construction, monitoring and modification of large-scale ground-mounted 
solar energy facilities that address public safety, minimize impacts such that no person is 
deprived of the freedom from excessive or unnecessary glare or noise, scenic, natural and 
historic resources of the Town and provide adequate financial assurance for decommissioning.  
 
Revisions to Section 590 of the Wareham Zoning By-Law encourages the use of solar energy 
systems and protects solar access consistent with Massachusetts General Laws Chapter 40A 
Section 3 and Section 9B (Solar Access) and Green Communities Act M.G.L. Chapter 25A 
Section 10. This section of the Wareham Zoning By-Law is consistent with Wareham’s 2020 
Master Plan (page 76) and 2017-2024 Open Space and Recreation plan (pages 88-90) as they 
recognize the need to protect water and wildlife habitat resources while providing opportunities 
to increase resiliency from the effects of climate change with green infrastructure and 
conservation of forests and farmland..  
 
Revisions to Section 590 incorporate the MA state model by-law and Department of Energy 
Resources SMART program guidance (225 CMR 20.00 September 22, 2021) that strongly 
discourages siting such projects in areas of important habitat. They strongly discourage locations 
that result in significant loss of natural resources and encourage rooftop siting, as well as 
locations in industrial and commercial districts, on farms where appropriate and on vacant, 
previously disturbed land. Section 590 of the Wareham Zoning By-Law recognizes that 
significant tree cutting is problematic because of the important water management, cooling, and 
climate benefits trees provide. 
 
 
 
Submitted by:  Solar By-Law Study Committee; Nancy McHale Chair 

 
Date:  March 9, 2022; revised March 24, 2022 
 
Reference Information: 

 
Article Inserted by Board of Selectmen at the request of: Solar By-Law Study Committee 
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590 Solar Energy Generation Facilities 
 
591. Purpose  

The purpose of section 590 of the Wareham Zoning By-Law is to encourage the responsible use 
of solar energy generation facilities, encourage construction and operation of Large-Scale 
Ground-Mounted Solar Photovoltaic Installations in previously disturbed areas to minimize 
ecological impacts, to provide standards for the placement, design, construction, monitoring, 
modification and removal of large-scale ground-mounted solar energy facilities that address 
public safety, minimize impacts on environmental justice communities such that no person is 
deprived of the freedom from excessive or unnecessary glare or noise, scenic, natural and 
historic resources of the Town and provide adequate financial assurance for decommissioning.  

Section 590 of the Wareham Zoning By-Law aims to balance the rights of landowners to use their 
land to develop solar energy systems while protecting the health, safety, and welfare of the public 
by protecting the Plymouth/Carver sole source aquifer upon which all residents rely for drinking 
water, the abundant small streams that feed the watersheds and estuaries leading to Buzzards 
Bay.  

Section 590 of the Wareham Zoning By-Law encourages the use of solar energy systems and 
protects solar access consistent with Massachusetts General Laws Chapter 40A Section 3 and 
Section 9B (Solar Access) and Green Communities Act M.G.L. Chapter 25A Section 10. This 
section of the Wareham Zoning By-Law is consistent with Wareham’s 2020 Master Plan and 
2017-2024 Open Space and Recreation plan as they recognize the need to protect water and 
wildlife habitat resources while providing opportunities to increase resiliency from the effects of 
climate change with green infrastructure and conservation of forests and farmland. 

Section 590 of the Wareham Zoning By-Law seeks to satisfy  the MA state guidance that strongly 
discourages siting such projects in forested areas such as the globally rare Pine Barrens.  

Section 590 of the Wareham Zoning By-Law strongly discourages locations that result in 
significant loss of ecosystem values and natural resources, including farm and forest land, and 
encourages rooftop siting, as well as locations in industrial and commercial districts, or on vacant, 
previously disturbed land.  

Section 590 of the Wareham Zoning By-Law recognizes that significant tree cutting is problematic 
because of the important water management, cooling, and climate benefits trees provide. 
According to Tufts.edu, forests pull about one-third of all human-caused carbon dioxide emissions 
from the atmosphere each year. Researchers have calculated that ending deforestation and 
allowing mature forests to keep growing could enable forests to take up twice as much carbon.1 

592. Applicability   
All Large-Scale Ground-Mounted Solar Photovoltaic Installations proposed to be constructed after 
the effective date of Section 590 of the Wareham Zoning By-Law will be subject to Site Plan 
Review in accordance with Article 15 of this Zoning By-Law and the additional standards of this 
section.    

Section 590 of the Wareham Zoning By-Law also pertains to physical modifications that materially 
alter the type, configuration, or size of these installations or related equipment that occur after the 
effect date. 

The provisions set forth in section 590 of the Wareham Zoning By-Law shall take precedence 
over all other sections when considering applications related to the construction, operation, 
and/or repair of Large-Scale Ground-Mounted Solar Photovoltaic Installations unless there is a 

                                                 
1 https://now.tufts.edu/articles/curb-climate-change-easy-way-don-t-cut-down-big-
trees#:~:text=Forests%20pull%20about%20one%2Dthird,up%20twice%20as%20much%20carbo
n. 
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conflict within provisions of Section 590, the MORE RESTRICTIVE section shall take 
precedence. 

592.1 Compliance with Laws, Ordinances and Regulations   

The construction and operation of all Large-Scale Ground-Mounted Solar Photovoltaic 
Installations shall be consistent with all applicable local, state and federal requirements, 
including but not limited to all applicable safety, construction, electrical, and 
communications requirements.   

All Large-Scale Ground-Mounted Solar Photovoltaic Installations must meet all the Land 
Use and Siting Criteria, per 225 CMR 20.05(5)(e).  

592.2 Special Permit Granting Authority (SPGA) 

The Planning Board shall be the Special Permit Granting Authority for Large-Scale 
Ground-Mounted Solar Photovoltaic Installations requiring a Special Permit under this by-
law. 

592.3 Site Plan Review Authority 

The Planning Board shall be the Site Plan Review Authority for Large-Scale Ground-
Mounted Solar Photovoltaic Installations under this by-law. 

593. Application for Site Plan Review  
Application for Site Plan Review with Special Permit shall require the filing of a Site Plan Review 
with Special Permit application and site plan in accordance with Article 15 of the Wareham 
Zoning By-Law.  

No Large-Scale Ground-Mounted Solar Photovoltaic Installations shall be approved or 
constructed until evidence has been given to the permit granting authority that the utility company 
that operates the electrical grid where the installation is to be located has been informed of the 
large ground-mounted solar energy facilities owner or operator’s intent to install an 
interconnected customer-owned generator.  

Off-grid systems shall be exempt from this requirement. 

Such plans shall contain the following specific information for an application to be considered 
complete:  

593.1 Landscape plan including sizes, types and numbers of plantings and details. Existing 
vegetation and other unique land features shall be preserved where feasible.   

593.2 Proposed changes to the landscape of the project area grading, vegetation clearing and 
planting, exterior lighting, screening vegetation or structures.  

593.3 Plans of the Large-Scale Ground-Mounted Solar Photovoltaic Installation signed by a 
Professional Engineer licensed to practice in the Commonwealth of Massachusetts 
showing the proposed layout of the system and any potential shading from nearby 
structures. 

593.4 Certification from a professional engineer that the construction of the Large-Scale 
Ground-Mounted Solar Photovoltaic Installation meets the Performance Standards set 
forth 225 CMR 20.05(5)(e)6. 

593.5 A stormwater management plan detailing the existing environmental and hydrological 
conditions of the project area, proposed alterations of the project area and all proposed 
components of the drainage system and any measures for the detention, retention, or 
infiltration of water, for the protection of water quality and protection from flooding. 
Specific attention shall be paid to the potential for negative effects on streams and 
wetlands such as silting from runoff.   
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593.6 A description of the Solar Photovoltaic Installation and the technical, economic and other 
reasons for the proposed location and design shall be prepared and signed by a 
registered professional engineer. 

593.7 Confirmation prepared and signed by a registered professional engineer that the Solar 
Photovoltaic Installation complies with all applicable Federal and State standards. 

593.8 One or three line electrical diagram detailing the Solar Photovoltaic Installation, 
associated components, and electrical interconnection methods, with all National 
Electrical Code compliant disconnects and over current devices. 

593.9 Documentation of the major system components to be used, including the photovoltaic 
panels, mounting system, inverters, on-site accessory battery storage, and any other 
associated equipment. 

593.10 Documentation of the sound generated by equipment used in the production of electrical 
energy, including any proprietary documentation.   

593.11 An operation and maintenance plan (see also section 596 on decommissioning). Such 
plan should include: 

1. Regular (not less than annual) inspection of the property, the visual screening, the 
fencing, and all other equipment installed as part of the project.  The inspection shall 
identify all repairs and maintenance required to maintain the fencing, noise buffering 
and visual screening. A plan and timeline for effecting the maintenance must be 
submitted to the SPGA. 

2. Regular (windblown, litter, etc) trash and debris removal from the site. 

3. A description of property and landscape maintenance plan, including all required 
vegetative plantings and screening. 

4. The operations and management plan must include active maintenance of the 
vegetation for the duration of the project. Use of herbicides and pesticides shall be 
prohibited for the maintenance of the project site except where necessary in dual use 
agriculture in accordance with the Pesticide Control Act. Landscape Requirements 
should include all requirements listed in Article 10 of the Zoning Bylaw. 

593.12 An assessment of the impact on the environment formatted in a before / after method so 
that it is easy to measure and understand the changes that the proposed Solar 
Photovoltaic Installation will have on the property and the property abutters. Such reports 
will be conducted by a party mutually agreed upon by the Planning Board and the 
prospective developer. 

593.13 An evaluation of the impact on the wildlife, habitat, and endangered species to determine 
potential harm to wildlife and habitat by the proposed Solar Photovoltaic Installation. The 
evaluation will be conducted by a party mutually agreed upon by the SPGA and the 
prospective developer. 

593.14 Line of Sight study to determine visual impact from all directions. All panels and 
equipment associated with the Solar Photovoltaic Installation should be invisible to any 
residential home in Wareham, as well as from any public or private road. The Study will 
be conducted by a party mutually agreed upon by the SPGA and the prospective 
developer 

593.15 All applicants must provide a historical and cultural heritage evaluation on the potential 
impact of the Solar Photovoltaic Installation. The evaluation(s)  will be conducted by a 
party mutually agreed upon by the SPGA and the prospective developer 

593.16 An alternative use analysis that addresses other siting options with various environmental 
impacts. Financial impacts are not sufficient reason for approval of project with significant 
environmental impact  
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594. Siting 
No Solar Photovoltaic Installation shall be constructed, installed or modified without first obtaining 
a building permit. 

594.1 Prohibited Siting 

Solar Photovoltaic Generation Units sited on the following types of parcels are not 
allowed:  

1. Permanently protected open space, categorized under Article 97 of the 
Massachusetts Constitution, 

2. A Wetland Resource Area, not including Buffers, unless authorized by the regulatory 
body, such as an Order of Conditions issued by the local Conservation Commission; 
or 

3. State Historic Register properties 
4. Land that is Priority Habitat, Core Habitat, Estimated Habitat, and/or Critical Natural 

Landscape or where at least 50 percent of the parcel’s area is designated as Priority 
Habitat, Core Habitat, and/or Critical Natural Landscape  

5. Large-Scale Ground-Mounted Solar Photovoltaic Installations sized greater than 
5,000kW DC. 

594.2 As-of-Right Siting 

The following types of solar facilities are allowed anywhere or as noted:  

1. Small-Scale Ground-Mounted Solar Photovoltaic Installations (less than 250 kW DC) 
are permitted as-of-right in all districts when connected behind the meter.  

2. Roof-mounted or building-mounted solar energy facilities are permitted as-of-right in 
all districts when connected behind the meter.   

594.3 Restricted Siting 

Large-Scale Ground-Mounted Solar Photovoltaic Installations sized between 250kw and 
5,000kW are allowed, subject Site Plan Special Permit, in the R-130, R-60, CG, CS, IND, 
CR districts or as noted:  

1. Ground-mounted solar energy facilities sited on a Brownfield, 
2. Ground-mounted solar energy facilities sited on Eligible landfills,  
3. Ground-mounted solar energy facilities sited on sand and/or gravel pits, 
4. Canopy mounted solar energy facilities, 
5. Public Utility solar energy facilities, 
6. Ground-mounted solar energy facilities within a farm or existing agricultural land,  
7. Ground-mounted solar energy facilities sited on land that has been previously 

disturbed.  

595. Design Standards.   
Unless otherwise expressly provided by Section 590 of the Wareham Zoning By-Law 
requirements of the underlying zoning district shall apply, except and in addition, the following 
design standards which shall apply.   

595.1 Large-Scale Ground-Mounted Solar Photovoltaic Installations shall meet the following 
standards: 

1. No such installation shall be segmented or broken into separate ownerships so as to 
avoid the prohibitions of the by-law.  



7 | P a g e  
 

2. Meet the requirements and standards for industrial uses found in Article 7: Design 
Standards and Guidelines of this Zoning By-Law. 

3. The distance shall be 75 feet from the residential property line which may be 
increased to reduce or eliminate visibility and noise at the discretion of the SPGA. 

4. Required separation in commercial and industrial districts, the distance shall be 25 
feet which may be increased to reduce visibility and noise at the discretion of the 
SPGA 

5. The front, side, and rear yard depth shall be in accordance with Article 6 of the 
Wareham Zoning By-Law; provided, however, that where the lot abuts or is across 
the street from a Residential Neighborhood, the front yard setback for all structures 
including fencing and vegetated buffer shall not be less than 75 feet, and may be 
more, as determined at the sole discretion of the SPGA, depending on visibility of the 
facility because of the density of vegetation and/or topography.  

6. Earthen berms and landscape plantings will be required according to Article 10: 
Landscaping, of this Zoning By-Law. 

7. Significant regrading of the site is prohibited.  Any and all soil removal must be 
approved and consistent with Article III, Earth Removal Regulations of the Town By-
Law.  

● No removal of all field soils; 

● Existing leveled field areas left as is without disturbance; 

● Where soils need to be leveled and smoothed, such as filling potholes or 
leveling, this shall be done with minimal overall impact with all displaced soils 
returned to the areas affected.  

8. Landscaping:  

● No removal of all field soils, 
● All vegetative screening will be designed with plants that include a diversity of 

native species, including deciduous and evergreen plants.  
● A mix of native species including evergreen and deciduous trees, as well as 

native bushes and plants to be used as ground cover sufficient to maintain soil 
integrity and minimize soil erosion must be established and maintained for the life 
of the project.  

● Appropriate use of geotextile fabrics, 
● The SPGA will consider the quality of the landscape plan and the methods used 

to provide a visual buffer and noise barrier between the PV array and the 
residences around it.  

9. Ballasts, screw-type, or post driven pilings and other acceptable minimal soil impact 
methods that do not require footings or other permanent penetration of soils for 
mounting are required, unless the need for such can be demonstrated; the use of 
chemically treated timbers to mount solar panels is prohibited. 

10. Any soil penetrations that may be required for providing system foundations 
necessary for additional structural loading or for providing system trenching 
necessary for electrical routing shall be done with minimal soils disturbance, with any 
displaced soils to be temporary and recovered and returned after penetration and 
trenching work is completed; 

11. No concrete or asphalt in the mounting area other than ballasts, poles for mounting 
solar panels, or other code required surfaces, such as transformer or electric gear 
pads; 
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12. Address existing soil and water resource concerns that may be impacted to ensure 
the installation does not disturb an existing soil and water conservation plan or to 
avoid creating a negative impact to soil and water conservation best management 
practices, such as stimulating erosion or water run-off conditions; 

13. All large-scale ground-mounted solar energy facilities shall be required to be fenced 
only if necessary for public safety. Any fencing used shall be permeable to allow 
small wildlife to pass through, and designed to blend into the surrounding landscape. 

14. All appurtenant structures, including but not limited to, equipment shelters, storage 
facilities, transformers, and substations, shall be architecturally compatible with each 
other and shall be screened from the view of public rights-of-ways and persons not 
on the parcel, in all residential districts. 

15. Battery storage systems may be included in a project only when accessory to the PV 
array collection system utilized for solar power generated as part of the approved 
project. Hazards associated with the battery storage will be identified and addressed 
in the system’s operation and management plan as a requirement for the Special 
Permit. The items to address in the operation and management plan shall include; 
noise, fire, and hazardous material management. 

16. Access roads and driveways shall be designed to limit visibility into the site with 
minimum disturbance necessary to gain appropriate access to and around the arrays. 
Setbacks shall not be disturbed by access roads, except where allowed by the permit 
granting authority for access to the site. 

17. Lighting of solar energy facilities shall be consistent with state and federal law.  
Lighting of appurtenant structures shall be limited to that required for safety and 
operational purposes, and shall be reasonably shielded from abutting properties. 
Lighting of the solar photovoltaic installation shall be directed downward and shall 
incorporate full cut-off fixtures to reduce light pollution. Lighting shall be Night Sky 
program compliant. 

18. There shall be no signs, except announcement signs, no trespassing signs or any 
signs required to warn of danger.  A sign is required that identifies the owner and 
operator with an emergency telephone number where the owner and operator can be 
reached on a twenty-four hour basis. 

19. All utility connections shall be underground except to the extent that underground 
utilities are not feasible in the reasonable determination of the board review.  

20. Inverters and transformers shall be sited so as to minimize sound impact to 
residences. Noise levels at the nearest residential receptors will be determined for all 
equipment in combination, and must be at background levels for the district in which 
the receptors are located, and if not, will require mitigation that must be approved as 
conditions of the Special Permit issued by the SPGA.  

21. Solar photovoltaic panels should be positioned so as not to cast glare to abutting 
uses by providing screening methods. Setbacks shall provide for adequate screening 
of noise and glare from abutting uses and structures. Techniques such as dense 
natural vegetated plantings of native plants, earthen berms and/or increased 
setbacks will be required, depending upon site specific conditions. Setbacks shall not 
be disturbed by access roads, except where allowed by the permit granting authority 
for access to the site. Setbacks shall not be used for any purpose other than natural 
vegetation or other screening required by the reviewing board. Setbacks from 
property lines shall be as provided above for the type of large ground-mounted solar 
energy facilities. 

22. The Solar Photovoltaic Installation owner, operator or their successors shall provide a 
copy of the project summary, electrical schematic, and site plan to the applicable fire 
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chief.  Upon request the Solar Photovoltaic Installation owner, operator or their 
successors shall cooperate with local emergency services in developing an 
emergency response plan. All means of shutting down the large ground-mounted 
solar energy facilities shall be clearly marked. The owner or operator shall identify a 
responsible person for public inquiries throughout the life of the installation.  

23. The Solar Photovoltaic Installation owner, operator or their successors shall maintain 
the facility in good condition. Maintenance shall include, but not be limited to, 
painting, structural repairs, and integrity of security measures and planting and 
maintaining healthy native plants for vegative visual screening.  

24. Site access shall be maintained to a level acceptable to the applicable fire chief and 
Emergency Medical Services. The Solar Photovoltaic Installation owner, operator or 
their successors shall be responsible for the cost of maintaining the large ground-
mounted solar energy facilities and any access road(s), unless accepted as a public 
way. 

596. Abandonment or Decommissioning 
The Solar Photovoltaic Installation owner, operator or their successors in interest shall remove 
any ground-mounted solar energy facility which has reached the end of its useful life or has been 
abandoned. The owner or operator shall physically remove the installation no more than 150 days 
after the date of discontinued operations. The owner or operator shall notify the permit granting 
authority by certified mail 60 days prior to the proposed date of discontinued operations and plans 
for removal. 

596.1 Decommissioning shall consist of but not limited to: 

1. Physical removal of all below-grade foundations, mounting structures, supports, 
solar energy structures, equipment, security barriers and transmission lines from 
the site. 

2. Disposal of all solid and hazardous waste in accordance with local, state, and federal 
waste disposal regulations. 

3. Stabilization and re-vegetation of the site as necessary to minimize erosion. The 
SPGA may allow the Solar Photovoltaic Installation owner, operator or their 
successors to leave landscaping or designated below-grade foundations in order 
to minimize erosion and disruption to vegetation. 

596.2 Abandonment:  Absent notice of a proposed date of decommissioning or written notice of 
extenuating circumstances, the Solar Photovoltaic Installation shall be considered 
abandoned when it fails to operate for more than one year without the written consent of 
the permit granting authority.  If the Solar Photovoltaic Installation owner, operator or their 
successors fail to remove the installation in accordance with the requirements of this 
section within 150 days of abandonment or the proposed date of decommissioning, the 
Town may enter the property and physically remove the installation. 

596.3 Proponents of Solar Photovoltaic Installations shall provide a form of surety, either 
through escrow account, bond or otherwise, to cover the cost of removal in the event the 
Town must remove the installation and remediate the landscape, in an amount and form 
determined to be reasonable by the Town, equivalent to 200 percent of the cost of 
removal and compliance with the additional requirements set forth herein.  

The amount of the cost of removal and reconditioning shall not be reduced by any 
expected or estimated amounts to be recovered through the re-sale or recycling of 
materials. Such surety will not be required for municipal- or state-owned facilities.  

The Proponent shall submit a fully inclusive estimate of the costs associated with removal 
and reconditioning, prepared by a qualified engineer. The submission shall include a 
mechanism for calculating and adjusting the increased value of the surety removal costs 
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due to inflation and a regular review (not less than every five-years) and adjustment of 
the estimate shall be conducted. In no case will the surety be reduced.  

   

597. Criteria for Special Permit Review and Approval 
597.1 A Special Permit may be granted under this section if the SPGA finds that each of the 

design review standards set forth above have been met and that the location of the 
ground-mounted solar energy facilities is suitable and that the size and design are the 
minimum necessary for that purpose. 

597.2 The SPGA shall also impose, in addition to any applicable conditions specified in this 
section, such conditions as it finds reasonably appropriate to safeguard the 
neighborhood, public or otherwise serve the purposes of this section, including, but not 
limited to: screening, lighting, noise, fences, modification of the exterior appearance of 
the structures, limitation upon size, method of access or traffic features, parking, removal 
upon cessation of use or other requirements. Such conditions shall be imposed in writing 
and the applicant may be required to post bond or other surety for compliance with said 
conditions in an amount satisfactory to the SPGA. 

597.3 The Special Permit shall lapse if substantial use or construction has not commenced 
within two years of the date of issuance, except for good cause shown (including but not 
limited to appeals of the grant of the site plan or litigation enjoining the construction under 
the permit), and provided further that such construction, once begun, shall be actively 
and continuously pursued to completion within a reasonable time.  
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Article 16 Revisions to Definitions  
 

As-of-Right Siting: As-of-Right Siting shall mean that development may proceed without the need 
for a special permit, variance, amendment, waiver, or other discretionary approval. As-of-right 
development requires a building permit and may be subject to site plan review to determine 
conformance with local zoning ordinances or bylaws. Projects cannot be prohibited, but can be 
reasonably regulated where necessary to protect public health, safety or welfare by the Inspector 
of Buildings, the Select Board, or the Planning Board. 

Battery Energy Storage Management System: An electronic system that protects energy storage 
systems from operating outside their safe operating parameters and disconnects electrical power 
to the energy storage system or places it in a safe condition if potentially hazardous temperatures 
or other conditions are detected. 

Battery Energy Storage System: A battery energy storage system (BESS) is an electrochemical 
device that charges (or collects energy) from the electrical grid or an electricity generating facility, 
such as but not limited to a Large-Scale Ground-Mounted Solar Photovoltaic Installation, and 
then discharges that energy at a later time to provide electricity or other grid services when 
needed. 

 Environmental Justice Communities: A neighborhood is defined as an Environmental Justice 
 population if one or more of the following four criteria are true: 1) the annual median household 
 income is not more than 65 per cent of the statewide annual median household income; 2) 
 minorities comprise 40 per cent or more of the population; 3) 25 per cent or more of households 
 lack English language proficiency; or 4) minorities comprise 25 per cent or more of the population 
 and the annual median household income of the municipality in which the neighborhood is 
 located does not exceed 150 per cent of the statewide annual median household income. 
  

Large-Scale Ground-Mounted Solar Photovoltaic Installation / Large-Scale Ground Mounted 
Solar Energy Systems: A solar photovoltaic system that is structurally mounted on the ground 
and has a minimum nameplate capacity of 250 kW DC. 

On-Site Solar Photovoltaic Installation: A solar photovoltaic installation that is constructed at a 
location where other uses of the underlying property occur. This would include Dual-Use 
installations as defined in the Massachusetts SMART program. 

Off-Grid System: A solar photovoltaic installation where all energy generated on the installation 
site is consumed on that site and does not send any energy into the electrical grid for distribution. 

Permanently protected open space: Areas shown on the BioMap2 image layer of the MassGIS 
database, further described at https://www.mass.gov/service-details/biomap2-conserving-
biodiversity-in-a-changing-world 

Pine Barrens: Consist of outwash from the last glacial maximum, which left thick glacial 
deposits of sand and gravel, providing the geologic foundation for a rare pine barren ecosystem. 
This forest and its fire-dependent pitch pine, the endangered Plymouth red-bellied turtles and 
other globally rare plant communities on top of deep deposits of glacially-deposited sands which 
filter and protect the Plymouth/Carver Sole Source Aquifer. 

Previously Developed Areas or Previously Disturbed Areas including agricultural land:  Land is 
disturbed if it has been the subject of human activity that has changed the land's surface, being 
changes that remain clear and observable        . 

Includes the built environment such as impermeable surfaces like large rooftops, parking lots, as 
well as land that was subject to earth removal and land in active agricultural use.  

Does not include wetlands, bogs or associated forested upland.     
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Priority Habitat, Core Habitat, Estimated Habitat, and/or Critical Natural Landscape: Areas shown 
on the BioMap2 image layer of the MassGIS database, further described at  
https://www.mass.gov/service-details/biomap2-conserving-biodiversity-in-a-changing-world 

Project Area: The land under the Solar Photovoltaic including all areas within any fencing, all 
components of the system including all supporting structures, buffers, setbacks, access ways, 
vegetative screening, and any other land disturbed during installation. 

Rated Nameplate Capacity: The maximum rated output of electric power production of the solar 
photovoltaic system in Direct Current (DC). 

Residential neighborhoods: shall consist of at least 3 [three] occupied houses with at least one 
common lot line and a common street for access 

Small-Scale Ground-Mounted Solar Photovoltaic Installation: A solar photovoltaic system that is 
structurally mounted on the ground and has a minimum nameplate capacity of under 250 kW DC 
and less than one acre in size. 

Solar Energy: Radiant energy received from the sun that can be collected in the form of heat or 
light by a solar energy system. 

Solar Energy System: A device or structural design feature, a substantial purpose of which is to 
provide daylight for interior lighting or provide for the collection, storage, and distribution of solar 
energy for space heating or cooling, electricity generation, or water heating. 

Solar Photovoltaic Array: An arrangement of solar photovoltaic panels. 

Solar Photovoltaic Generation Units: An arrangement of solar photovoltaic panels. 

Solar Photovoltaic Installation: A solar energy system that converts solar energy directly into 
electricity through an arrangement of solar photovoltaic panels. 

Solar Photovoltaic Installation Site Plan [or Special Permit] Review: A review by the site plan 
reviewing authority [or special permit granting authority] to determine conformance with the 
town’s zoning bylaws. 

State Historic Register:  the Inventory of Historic and Archeological Assets, maintained by the 
Massachusetts State Historic Preservation Office 

Wetland Resource Area: those resources identified in 310 CMR 10.00 et seq. 
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Article 3 – Revisions to Use Table  
 

 
 

Change the Row For: “Large ground-mounted solar energy to read: “Large-Scale Ground-
Mounted Solar Photovoltaic Installations” 

And in the 'CG' and ‘CP’ columns change the ‘SPZ’ to ‘SPP’ allowed by Special Permit from 
the Planning Board  

And in the ‘IND’, and ‘CS’ columns change the “N’ to ‘SPP’ allowed by Special Permit from 
the Planning Board  

 



 Exhibit 8, 
 2022,  Special Town Meeting Article S15, Large-Scale 

 Ground-Mounted, Solar Photovoltaic Installations  , prepared by the 
 Wareham Solar Study Committee. 



See the full text of the proposed by-law at: https://tinyurl.com/3j87wayf 

Special Town Meeting Article S15 
Large-Scale Ground-Mounted  

Solar Photovoltaic Installations 
Proposed Solar Zoning By-Law Article 5 Section 590  

The Wareham Solar By-Law Study Committee has rewritten Section 590 of the Zoning By-Laws 
to create a path for responsible development of solar projects that balances the rights of 

landowners while protecting health, safety, and welfare of the public. 
 

• Limits the size of any Large-Scale Ground-Mounted Solar Photovoltaic Installation to not 
greater than 5.0MW DC.  At this size, it balances solar with other competing land uses and 
recognizes the significant contribution that Wareham has already commited to solar 
development. 19 projects built; 4 not built but permitted; and potentially 6 more in the 
pipeline! These 29 projects are not affected by the revised bylaw or any proposed moratorium.   

• Prohibits development of Large-Scale Ground-Mounted Solar Photovoltaic Installations in 
sensitive environmental areas such as Wetland Resource Areas, Permanently Protected Open 
Spaces, State Historic Register properties, land where at least 50% of the parcel’s area is 
designated as Priority Habitat, Core Habitat, and/or Critical Natural Landscape as 
demonstrated in the BioMap2 – thus protecting our sole source aquifer, our globally rare Pine 
Barrens, Sand Plains and unique local habitat. 

• Limits grading and earth removal as part of a solar development project (Section 595.7). 

• Requires Large-Scale Ground-Mounted Solar Photovoltaic Installations to use non-toxic 
materials for poles to mount panels. No chemically treated timber poles!  

• Provides limits to where Large-Scale Ground-Mounted Solar Photovoltaic Installation can be 
sited and encourages development on land that is already disturbed like Brownfields, eligible 
landfills, sand and/or gravel pits, and over parking lots as canopies. 

• Provides flexibility to site Large-Scale Ground-Mounted Solar Photovoltaic Installations on 
existing suitable agricultural land to help farmers protect their land for future generations. 

• Promotes responsible solar development by providing clear design standards  

• Protects Town with increased guaranteed funding and a strict decommissioning plan to cover 
the costs of removal of solar panels and materials from the site once it is taken offline.   

• Protects the unique nature of Wareham’s neighborhoods by requiring greater setbacks from 
residential property lines, and requires permanent landscaping with native species in all 
developments.  

Support responsible solar 
development that protects 

public safety, the environment, 
and quality of life in Wareham 

Please  
Vote YES  

Article S15 



 

S15 Solar Zoning By-Law Explanation: 
 Revisions to Section 590 and other supporting by-law sections of the Wareham Zoning By-Law 
have been made by the Solar By-Law Study Committee after months of study, careful consideration, and 
significant community input. The Committee, comprised of seven Wareham citizens of diverse 
backgrounds, has aimed to balance the rights of landowners to use their land to develop solar energy 
systems while being committed to protecting the health, safety and welfare of our diverse communities.  

 The goal was to encourage the responsible development of new solar energy generation facilities 
in our community by limiting their overall size to no larger than 5.0MW DC which currently requires 
around 12-14 acres of land. This  balances solar with other competing land uses and recognizes the 
significant contribution that Wareham has already made to solar development with 19 projects built; 4 
not built but permitted; potentially 6 more in the pipeline. These 29 projects will not be affected by the 
revised by-law or any proposed moratorium.  

 It encourages construction and operation of Large-Scale Ground-Mounted Solar Photovoltaic 
Installations in previously disturbed  areas to minimize adverse ecological impacts. This by-law  provides 
clear standards for the placement, design, construction, monitoring and modification of large-scale 
ground-mounted solar energy facilities that address public safety, minimizes impacts on impacts on 
environmental justice communities such that no person is deprived of the freedom from excessive or 
unnecessary glare or noise, scenic, natural and historic resources of the Town and also provides adequate 
financial assurance for decommissioning. We seek to safeguard the health, safety, and welfare of the 
public by creating strict building and maintenance guidelines to ensure natural filtration and purification 
of the Plymouth/Carver sole source aquifer upon which ALL of Wareham’s residents rely for drinking 
water and to protect the many small streams of the watersheds and estuaries leading to Buzzards Bay. 

 Revisions to Section 590 encourages the use of solar energy systems and protects solar access 
consistent with Massachusetts General Laws Chapter 40A Section 3 and Section 9B (Solar Access) and 
Green Communities Act M.G.L. Chapter 25A Section 10. This section of the Wareham Zoning By-Law is 
consistent with Wareham’s 2020 Master Plan (page 76) and 2017-2024 Open Space and Recreation plan 
(pages 88-90) as they recognize the need to protect water and wildlife habitat resources while providing 
opportunities to increase resiliency from the effects of climate change with green infrastructure and 
conservation of forests and farmland. 

 Revisions to Section 590 incorporate the MA state model by-law and Department of Energy 
Resources SMART program guidance (225 CMR 20.00 September 22, 2021) that strongly discourages 
siting such projects in areas of important habitat such as our globally rare Pine Barrens. The revisions take 
into account that significant tree cutting is problematic because of the important water management, 
cooling, and climate benefits trees provide. According to Tufts.edu, forests pull about one-third of all 
human-caused carbon dioxide emissions from the atmosphere each year. Researchers have calculated 
that ending deforestation and allowing mature forests to keep growing could enable forests to take up 
twice as much carbon. 

 Revisions to Section 590 discourage developing Large-Scale Ground-Mounted Solar Photovoltaic 
Installations that result in significant loss of natural resources and encourages rooftop and canopy siting, 
as well as locating projects in industrial and commercial districts, on farms where appropriate and on 
vacant, previously disturbed land such as gravel pits and old industrial sites.  

Article S15 is Supported by the Wareham Town Board of Selectmen, 

the Finance Committee, and the Planning Board. 
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Solar Siting Joint Statement 
October 1, 2021 

Rapid, Responsible Deployment: 

Integrating and Aligning Climate Mitigation, Resiliency, Biodiversity, and Equity 

 

Goals: 

The undersigned organizations call on the Commonwealth of Massachusetts to plan and implement 

policies and programs for the rapid, responsible siting of solar power systems with the following 

overarching goals: 

1. Maximize deployment of solar power within the more than 1 million acres of land that are 
already developed or degraded, including rooftops, parking lots, and other low-impact areas 
with minimal ecosystem service values; 

2. If further analysis shows that additional capacity is needed outside those areas, determine 
which natural or working lands and waters are most and least appropriate for solar energy using 
spatial analysis and stakeholder input; and 

3. Avoid, minimize and mitigate impacts to natural and working lands1 and waters and the valuable 
benefits they provide including biodiversity and climate resilience. 

 

                                                           
1 “Natural and working lands”- lands within the commonwealth that: (i) are actively used by an agricultural owner 
or operator for an agricultural operation that includes, but is not limited to, active engagement in farming or 
ranching; (ii)  produce forest products; (iii) consist of forests, grasslands, freshwater and riparian systems, 
wetlands, coastal and estuarine areas, watersheds, wildlands or wildlife habitats; or (iv) are used for recreational 
purposes, including parks, urban and community forests, trails or other similar open space land. 
https://malegislature.gov/Laws/SessionLaws/Acts/2021/Chapter8 
 




