Fefil'ég(lSF s City of Fergus Falls
AN\ Committee of the Whole Agenda

February 24, 2021
7:00 am
City Council Chambers

Due to the COVID-19 pandemic, some or all members of the Fergus Falls City Council, will
participate in the February 24, 2021 Committee of the Whole meeting via zoom or telephone rather
than by being personally present at the regular meeting place at 112 W Washington Avenue.

Members of the public can monitor the council meeting by logging into zoom
https://us02web.zoom.us/j/6667456876
Meeting ID: 666 745 6876
Members of the public can also use the call in number of 312 626 6799

After the meeting has concluded, it can also be accessed through the city’s You Tube channel
https://www.youtube.com/channel/UCDF-uPf-xwlfdgqZURg578 DA

A. Call to Order
B. Roll Call

C. Discussion Items
1. Fire Department Annual Report
Ryan Muchow

2. Greater Fergus Falls Annual Report
Annie Deckert

3.  Hoot Lake Solar Findings of Fact and Record of Decision EAW
Brian Yavarow
Requested Action: Recommendation to the council accepting the Hoot Lake
Solar Environmental Assessment Worksheet (EAW) Findings of Facts and
Record Decision for a Negative Declaration not requiring an Environmental
Impact Statement (EIS)

4.  Data Request Policy
Andrew Bremseth
Requested Action: Recommendation to the council to adopt an amended Data
Request Policy and request form

D. Additional Agenda Items

E. Announcements


https://us02web.zoom.us/j/6667456876
https://www.youtube.com/channel/UCDF-uPf-xwIfdqZURg578DA

March 1  1:00 pm Council Work Session
5:30 pm City Council Meeting
March 10 7:00 am Committee of the Whole Meeting

Adjourn
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MISSION

* Retaining

* Revitalizing

* Recruiting



vibrant business community removal of

barriers for start-ups and expansions

advocating

aggressively for their success.



ABOUT GREATER
FERGUS FALLS
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* private nonprofit 501(c)(3), economic development

organization

* cover 25-mile service area

* provide advocacy and technical assistance for business
and economic development

* proactively market our region to developers, investors
and businesses

* work to remove barriers that hinder development

e 15-member Board of Directors




STRATEGIC FRAMEWORK

EST. JULY 2019

Business Marketing & Partnerships Organizational
Development & Promotion Sustainability

Attraction



FRAMEWORK GOALS

2020

ACTION
Assist 4-8 startups per year
24 business touch-points per year

Meet with 12 development professionals

Connect 10 businesses to programming

Educate businesses on Pipeline program
Host GFF programming events

Host business education training events
Publish press releases

Present to public organizations

Promote resources with targeted radio ads

M State Workforce Devevelopment Connections




Promotion
12.5%

Workforce
Development
3.2%
COVID-
19
Looking for
59.9%
Space
13.1%

Developers/Investor

S

71.9%
Business
Relocation
5.3% Existing Business Start-ups
Expansion 9.8%

10.4%



HIGHLIGHTS

BUSINESS DEVELOPMENT & ATTRACTION

* over 500 existing businesses
* over 90 start-up inquiries to date
o 37 eLab participants, 26
completed

e 24+ new businesses

IS0
o Sign Guys, Up North Tattoos, Farmers State Bank, e conrme
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_of Otter Tail County'

Otter Cove Children's Museum, Papacita’s Burritos,
4th Generation Shoe & Leather Repair, Clarity
Applied Intelligence, Balance Gymnastics Center,
Peney Cakes, Uncle Eddie’s Ice Cream, Dandelion
& Burdock, Acorns20Qak Consulting, Cardinal
Consulting Solutions, Swanston Equipment, Ruby’s
Pinoy Foods, Sugar High Bakery & Confections




BUSINESS DEVELOPMENT &
ATTRACTION

GREATER FERGUS FALLS 2020:
ECONOMIC ACTIVITY

« LINCOLN SCHOOL renovation | Otter Preschool & Children's
Corner | 40,000 sf | former Target

+ SHOREMASTER acquisition of Hydrohoist & Neptune Boats |
rebranded to Waterfront Brands | largest in NA

« VECTOR expansion | 23,000 sf | former Shopko

« FARMERS STATE BANK expansion | 4th location

« APPLE TREE DENTAL construction | $5MM investment

« DOWNTOWN - significantly decreased vacancies

- DEVELOPMENT OPPORTUNITIES - working to position land

and properties for development



G R EAT E R HOME ABOUT BUSINESS MEDIA JOBS

FERGUS FALLS

GREATER Buitbings  Dsimes (7 AREAS ¥ MY FAVORITES Q SEARCH
FERGUS FALLS

1901 W. Lincoln Ave
(Westridge Mall)
Fergus Falls, MN
ial, Retail
000 SF | 16 Ft Ceiling

1403 Lincoln Ave W (former
KMART building)
Fergus Falls, MN

Reta

-

776 SF | 18 Ft Ceiling

1203-1205 W. Lincoln Ave
(former Sunmart)
Ferqus Falls, MN
- i mercial
24 Ft Ceiling

Viking Cola Industrial Property
Fergus Falls, MN
I ial

Apartment Complex
Pelican Rapids, MN

130 W Cavour Ave

Fergus Falls, MN
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PROPERTIES SOLD

SITES.GREATERFERGUSFALLS.COM

* 56 inquiries (2019), 120
inquiries (2020)
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*this list is not inclusive; notable buildings featured



HIGHLIGHTS

* 408 inquiries in 2020
; 2,316 likes ('20), 1,258 (19), 340 (18)
o 9290 business Iooking to 5,000 average impression per post
= 22,900 highest post impressions
relocate .
o 77 developers/investors (halt =~ .- R 384 followers (20), 290 (19). O (18)
: . v ] 2,755 tweets
outside of FF) : 27,000 monthly imp%
* greaterfergustalls.com
* Social Media 810 followers ('20), 297 (19), O (18)

590 posts

o Facebook Top tans from FF, Fargo, Mpls

o Twitter

308 followers,
Top fans from

St. Cloud

(2019), O (2018)

o, Greater MSI

o |Instagram

o LinkedlIn




HIGHLIGHTS
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* PPE Partnership
o LRH, Excel Plastics, Shoretex \“- // i Prenied

m 426k face shields, 835 sneeze

guards, 8,000 desk shields, 4,000

gowns

Project 2-Fold
o 469 students in need, $17k

COVID program technical assistance

Weekly calls with Governor's team g
FoEE Gl mg h
FREE

7 c'q:le FREE game of bowling for 4
) 1ld AND an accompnnying adult
GREAJER Includes shoe rental .
Good 1hry Jeptember, ] .

Maintained restaurant/brewery list
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HIGHLIGHTS

CareerForce

City of Fergus Falls
Economic Development
Assoc. of MN

Fergus Falls Area Chamber
of Commerce

Fergus Falls Daily Journal
Fergus Falls Downtown
Council

Fergus Falls Municipal
Airport

ISD #544

Local businesses

Leighton Broadcasting

MN Commercial Association

of Realtors

M State Communinty &
Technical College

Otter Tail County

Otter Tail Lakes Country
Southern Valley EDA
Valley News Live

Visit Fergus Falls

West Central Initiative and

morel

EXCELPLASHCS
SHORETEX PRODUCTS

Vatey GREATER

LEMONADE

THURS, APRIL 23RD
M-8AM

KEYNOTE:

Pat Connelly

Owner of Dairyland
ngus Falls, MN
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ON-AIR WITH GREG 8RADY OF KBRF

THANK YOU CITY OF
FERGUS FALLS!




ORGANIZATIONAL SUSTAINABILITY

Below are notable achievements of 2020 that support this proactive approach:

* Immediately pivoted and reprioritized services to meet the needs of our business community
from the impacts of the COVID-19 pandemic

* Secured the SBA advance, PPP, Otter Tail County Marketing Grant and City of Fergus Falls
CARES funding for our organization

e Created our Service Area map, covering a 25-mile radius around the City of Fergus Falls

e Created comprehensive fundraising strategy

* Created online investor donation portal

e Created investor video in partnership with M State Community & Technical College
e Received $50,000 matching grant from the Otto Bremer Foundation

e Over 50 investors



RESOURCES

2020 Annual Report

* Downloadable PDF online, inquire if you'd like this presented to your organization

Available Sites

 sites.greaterfergusfalls.com; realtors, property owners - updated monthly

Entrepreneur Lab
* free tool for start-ups (ideas) and existing businesses within 10-miles of Fergus Falls
o discuss business ideas, take to the next level
o business management coaching, goal setting, accountability, overcome growth obstacles, identify
new income opportunities, roundtables, professional development panels

 Thurs, Feb 25th, lom-2pm_ utilize Facebook Marketplace/Etsy to sell products



HIGHLIGHTS

* Ordinance Amendments
o Warehouse as IUP in B-3, B-4, B-6
o Light Industrial in B-5, B-6
o Use definitions

" Tattoo parlor, dog grooming

* Funding Programs

o Companion Animal Hospital, Country Financial, Rivers Edge
Investments, Pay it Forward Program, CARES funding
* Development Activity
o Sale of Shopko
o Sale of Port Property

o Delivery business - 507 Sheridan

o ..other projects in the works!



MEET THE TEAM

WHO'S BEHIND GREATER FERGUS FALLS?

ANNIE B. DECKERT SOCIAL MEDIA NETIA BAUMAN
CEO Engage with us Business Development

Coordinator



QUESTIONS?

Thank you




Fergus

Falls
N2 Council Action Recommendation

Page 1 of 2

Meeting Date:
February 24, 2021 — Committee of the Whole
March 1, 2021 — City Council

Subject:
Otter Tail Power Company Hoot Lake Solar Project

Recommendation:
e Resolution accepting the Hoot Lake Solar Environmental Assessment Worksheet
(EAW) Findings of Facts and Record Decision for a Negative Declaration not requiring
an Environmental Impact Statement (EIS)

Background/Key Points:

Minnesota Rules 4410 required Otter Tail Power Company (OTP) to prepare a mandatory
Environmental Assessment Worksheet (EAW) for the solar project. Portions of the proposed
project currently lie both within and outside of the present City Limits. It is intended that the
entire project area will eventually be within the City’s jurisdiction after relevant annexations
are complete. Thus the City, with the agreement of Otter Tail County, is considered to be the
Responsible Government Unit (RGU) which is required to review and approve the EAW
document.

Otter Tail Power Company (OTP) has completed the EAW process for the proposed
construction of a 49.9 megawatt solar farm. The completed EAW document, including
background documents, has been submitted to the City of Fergus Falls (RGU) for its review
and final decision. The RGU'’s responsibility is to determine if the EAW is complete, and if
so, does it satisfactorily address the reasonably foreseeable environmental impacts of the
project.

At the closing of the 30 day public comment period on December 30, 2020, the City received
3 agency letters and 37 public comments letters. A majority of the letters consisted of multiple
comments with a majority being substantive to the EAW scope and a few deemed not
substantive. Because of this, all comments were reviewed and segregated accordingly and
responded to in the Public Comments/Responses table attached for reference.

The City hired Braun Intertec to provide professional services for the independent review of
the EAW comments to aid in this evaluation. Attached is a letter from Braun Intertec
addressing its conclusions regarding the EAW for the Hoot Lake Solar Project.

The decision options for the City (RGU) are as follows:

1. Determine the EAW is complete but there remains foreseeable significant
environmental impacts for the project that require further analysis to satisfactorily




Mayor and Council Communication Page 2 of 2

address. This conclusion requires the completion of an Environmental Impact
Statement (EIS) before the project can move forward.

. Determine the EAW is complete, that it satisfactorily addresses all reasonably
envisioned environmental impacts of the project, and thus does not require further
project analysis. This conclusion would lead to a “Negative Declaration” allowing
the project plan to move forward to the next stage.

Issues raised during the EAW process will be more completely addressed during the final
design and permitting stages of the project as the overall process moves forward.

I am requesting the City Council schedule the Final EAW Decision discussion for the City
Council meeting on March 1, 2021.

Budgetary Impact:
Otter Tail Power (OTP) was responsible for preparing the EAW and the associated

publication fees. General City staff time was utilized for review and coordination.

Originating Department:
Engineering Department

Respectfully Submitted:
Brian Yavarow - City Engineer

Attachments:

Environmental Assessment Worksheet (EAW) Findings of Facts and Record of Decision
Public Comments/Responses to Published EAW (UNOFFICIAL)

Braun Intertec EAW Review letter

Agenda Item No. <item_outline>




FINDINGS OF FACT AND RECORD OF DECISION
ENVIRONMENTAL ASSESSMENT WORKSHEET

For the Hoot Lake Solar Project
Location: Fergus Falls, Otter Tail County, Minnesota

Responsible Governmental Unit: City of Fergus Falls
. .

Contact Person
Title

Address

City, state, ZIP
Phone

Fax

E-mail

Contact person
Title

Address

City, state, ZIP
Phone

Fax

E-mail

City of Fergus Falls

Brian Yavarow

City Engineer

112 W. Washington Avenue

Fergus Falls, MN 56537
218-332-5413

218-332-5449
Brian.Yavarow@ci.fergus-falls,mn.us

Proposer

Otter Tail Power Co.

Mark Thoma

Manager, Environmental Services
215 S. Cascade Street

Fergus Falls, MN 56537
218-739-8526

218-739-8629
mthoma@otpco.com

Final action: Based on the Environmental Assessment Worksheet (EAW), this Findings of Fact
and Record of Decision, and related documentation for the above project, the City of Fergus
Falls (City) concluded the following on March 1, 2021:

1 The EAW, this Findings of Fact and Record of Decision document, and related
documentation for the Hoot Lake Solar Project were prepared in compliance with the
procedures of the Minnesota Environmental Policy Act and Minn. Rules, Parts 4410.1000 to
4410.1700 (1993).

2 The EAW, this Findings of Fact and Record of Decision document, and related
documentation for the project have satisfactorily addressed all the issues for which existing
information could have been reasonably obtained.

3 The project does not have the potential for significant environmental effects based on the
above findings and the evaluation of the following four criteria (per Minn. Rules, Parts
4410.4300):

® Type, extent, and reversibility of environmental effects.
® Cumulative effects of related or anticipated future projects.

® Extent to which the environmental effects are subject to mitigation by ongoing public
regulatory authority.

® Extent to which environmental effects can be anticipated and controlled as a result of
other environmental studies undertaken by public agencies or the project proposer, or
of environmental reviews previously prepared on similar projects.


mailto:mthoma@otpco.com

4. The finding by the City that the EAW is adequate and no Environmental Impact

Statement (EIS) is required provides no endorsement, approval, or right to develop the
project by the City and cannot be relied on as an indication of such approval. This finding
allows Otter Tail Power Company (OTP) to formally initiate the City’s process for
considering the specific permits and approvals necessary for development and operation
of the project, and for the City, informed by the record of the EAW, to identify and
encourage conditions for compatible project construction and to assure their
implementation at the project site.

Consequently, the City makes a Negative Declaration and does not require the
preparation of an EIS for the project.

ENVIRONMENTAL REVIEW AND RECORD OF DECISION

The City prepared a Mandatory EAW for the Hoot Lake Solar Project according to the
Environmental Review Rules administered by the Minnesota Environmental Quality Board
(EQB) under Rule 4410.4300 Subpart 3, Electric-generating facilities. OTP is proposing to
develop a 49.9-megawatt alternating current (MW-AC) solar photovoltaic (PV) project
(Project) near OTP’s Hoot Lake Plant. The Project would be located on a site partially
within the city of Fergus Falls, Minnesota, on approximately 450 acres of OTP-acquired
lands that were previously primarily in agriculture. OTP is in the process of petitioning the
City to annex the portion of the Project currently outside the City. Upon completion of
the annexation process, the solar facility will be completely within city limits. The Project
would include approximately 150,000 PV solar modules laid out in rows in a north-south
orientation.

EAW NOTIFICATION AND DISTRIBUTION

On November 27, 2020, the City provided public notice of the EAW and distributed it to
the EQB mailing list and to the Project mailing list. The EQB published notice of
availability in the EQB Monitor on November 30, 2020.

A notice was also posted on the City website at www.ci.fergus-falls.mn.us, and in the
Fergus Falls Journal. These notices provided information on where copies of the EAW
were available, notified the public of a public hearing, and invited the public to
provide comments during the 30-day comment period.

COMMENT PERIOD, PUBLIC MEETING, AND RECORD OF DECISION

The official comment period on the EAW extended for 30 days, from November 30,
2020, to December 30, 2020. On Tuesday, December 8, 2020, the City held an in-
person and virtual public meeting via the online Zoom platform. This was followed by
an opportunity for the public to provide comment. The City also held Project
informational meetings with the county. Each of the meetings included a short
presentation on the proposed Project and the EAW process.

In addition to the Minnesota Environmental Policy Act public meeting and comment
period, OTP participated in a number of community meetings outside of the EAW
process to explain the proposed Project to local community members.

During the public notice period, 3 agency letters and 37 public comment letters and
emails were received. Attachment A includes the 40 comment letters and emails
received. Attachment B includes a table that provides responses to the individual


http://www.ci.fergus-falls.mn.us/

substantive comments within the letters and emails. There were general comments in
support of and opposition to the proposed Project. Some of the common concerns
brought up in the correspondence included concern over city zoning ordinances,
noise, wildlife movement and native habitat, visual impacts, and traffic. Several
substantive comments identified factual errors in the EAW. These issues and errors are
described in Section V, below.

On February 4, 2021, the City notified OTP, the EQB, those on the Project distribution list,
and those who commented on the EAW that the period for issuing a finding of facts
and making a declaration would be extended. The letter indicated that the extension
was necessary for the following reasons:

e The declaration, either negative or positive, regarding the need for an EIS must
be made and approved by the City Council, which meets only on a periodic
basis. Additional time is needed to organize around the Council’s scheduled
meetings.

e A public comment was made requesting that the City engage an independent
consultant on the Project. In response to this public comment, the City has hired
Braun Intertec to perform this review. Additional time is needed for contractor
review of the EAW, the comments received during the comment period, and
the responses to comments.

e The City is reconsidering its zoning ordinance related to solar energy systems.
Responses to public comments on the proposed Project are being completed in
light of the ongoing City process.

e The time extension will allow for a thorough review and thoughtful consideration
of the public comments received regarding the EAW.

The Fergus Falls City Council considered the EAW and the Findings of Fact and Record
of Decision document during its March 1, 2021, meeting. Notification of this public
meeting was distributed via the City’s standard notification methods.

COMMENTS RECEIVED AND RESPONSES TO SUBSTANTIVE COMMENTS

The City received 40 comment letters and emails during the public comment period
from the following:

Barb Neileib, December 14, 2020

Dana and Megan Beckler, Fergus Falls, MN, December 15 and 18, 2020
David Schroeder, December 24, 2020

Deb Kleven, Fergus Falls, MN, December 21, 2020

Deborah Bass, December 22, 2020

Minnesota Department of Natural Resources, December 22, 2020
Erik Anthonisen, December 30, 2020

Gaylan Mathiesen, Fergus Falls, MN, December 14, 2020

Isaac Orr, December 22, 2020

10. Janell Miersch, Fergus Falls, MN, December 30, 2020

11. Joanne Wilner, Fergus Falls, MN, December 27, 2020

12. Karen Terry, December 29 and 30, 2020

13. Katie Tysdal, December 27 and 30, 2020

14. Mike Rheault, December 18, 2020
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15.
16.
17.
18.
19.
20.
21.
22.
23.
24,
25.
26.
27.
28.
29.
30.
31
32.
33.
34.
35.
36.
37.
38.
39.
40.

Molly Stoddard, Fergus Falls, MN, December 30, 2020

Minnesota Pollution Control Agency, December 30, 2020

Richard and Katherine Lahti, Fergus Falls, MN, December 29, 2020
Minnesota State Historic Preservation Office, December 30, 2020
Tami Revering, December 31, 2020 (received after the December 30 deadline)
Tere Mann, Fergus Falls, MN, December 30, 2020

Thane Schmidt, December 29, 2020

Valerie Thompson, December 30, 2020

Wayne Macheledt, Fergus Falls, MN, December 8, 2020

Kevin Brennan, January 7, 2021 (received after the December 30 deadline)
Bret Borth, December 10, 2020

John Dinsmore, Fergus Falls, MN, December 29, 2020

Beth Monke, Fergus Falls, MN, December 30, 2020

Dan Shaw, December 29, 2020

Clarence Johnson, Fergus Falls, MN, December 11, 2020

David Lindig, Fergus Falls, MN, December 14, 2020

Ellen Anderson, December 21, 2020

Jake Krohn, Fergus Falls, MN, December 21, 2020

Laurie Mullen, December 30, 2020

Michael Van Valkenburg, Fergus Falls, MN, December 23, 2020
Patricia Kingston, December 30, 2020

Patty Lindholm, December 19, 2020

Roy Anderson, Fergus Falls, MN, December 21, 2020

Rud Wasson, Fergus Falls, MN, December 27, 2020

Scott Wagnild, December 18, 2020

Tom Kingston, December 30, 2020

The City analyzed the comment letters to identify individual comments that were
substantive in nature and required a specific response. Of the 40 letters, the City
identified 180 substantive comments. The complete comments can be found in
Attachment A; responses to all substantive comments can be found in Attachment B.

ISSUES IDENTIFIED IN THE EAW

The following factual discrepancies or impact issues were identified during the EAW
process, either during its development or public review. They are listed by the EAW item
number.

5

The EAW inadvertently identified the Project location in the Red River of the North
Watershed. The correct watershed is the Otter Tail River Watershed (HUCS8
#09020103).

Additional detail associated with the Project description, as a result of public
comments, has been defined. Specifically, the security boundary fence would be a
woven-wire fence; OTP will develop a decommissioning study, vegetation
management plan, and internal maintenance schedule for the Project; and final
design will incorporate all regulatory property setbacks and City ordinance
requirements.

The Cover Type table provided in the EAW suffered a formatting error in its
description of before and after acres of Developed areas, specifically Roads/Bldgs.,
Inverter Pads, and Solar Panels. The correct acreage numbers are shown in Table 1,
below.



9.

10.

11.

12.

Table 1: Cover Types

Developed Before (Acres) After (Acres)
Roads/Bldgs. 2.57 8.05
Inverter Pads 0.00 0.16
Solar Panels 0.00 84.36

All Project components will be sited on OTP-acquired lands, and no public lands will
be used. As described in the EAW and the City’s Code of Ordinances, all City-
required property setbacks and other conditions would be followed (i.e., 30 feet for
front yards, 10 feet for side yards). Additionally, the design considers the City of
Fergus Falls Shoreland Management Ordinance and required processes for
development. Currently, City zoning requires land located between the ordinary
high water level of a public water and a line parallel to it at a setback of 50 feet for
agricultural land uses and 50 percent of the structure setback for all other land uses.
OTP will design setbacks based on conditions required by the City.

The City is currently reviewing its ordinances associated with solar development and
will consider the need for additional requirements. However, that process is separate
from the EAW process.

OTP has developed a conceptual Project design that seeks to minimize the need for
site grading. Grading will occur in some areas to lessen slope steepness to
accommodate the acceptable slope requirements of the solar array and
associated equipment. The City will review the final proposed site plan as part of the
building permit process. However, OTP will develop a stormwater pollution and
prevention plan (SWPPP) that will describe the erosion control measures and
revegetation plan of disturbed soils to minimize effects from grading and erosion.
OTP will need to adhere to the SWPPP and obtain a construction stormwater permit
from the Minnesota Pollution Control Agency (MPCA).

The Project will comply with the City of Fergus Falls Shoreland Management
Ordinance. If necessary, the Project will apply for a conditional use permit for
development within shoreland zones. Stormwater management will be
implemented on site in accordance with the MPCA National Pollutant Discharge
Elimination System/State Disposal System (NPDES/SDS) Construction Stormwater
General Permit (MN R 100001), as required to meet permit conditions. Locations and
sizes of stormwater management features will be developed during the detailed
design phase of the Project. Where stormwater basins are required, the Project
intends to use infiltration basins to the extent practicable. Erosion control plans will
be designed by trained erosion control specialists as part of the SWPPP, and will
require regular inspections and maintenance of erosion control measures.

OTP will apply for all necessary permits for the construction and operation of the
solar facility and will meet any permit-specific conditions or requirements, including
the proper disposal of damaged equipment. Solar panels that have been
damaged beyond repair will be removed and properly disposed (within regulated,
lined landfills) or recycled to the extent practicable.



13. A review of historical aerial photography dating back to 1939 indicates that only a
portion of the Parcels #06000010008000 and #06000010004003 (approximately
17 acres) contain lands that may not have been plowed or otherwise disturbed for
row crop agriculture and/or gravel mining purposes. All other parcels in the Project
area have been previously impacted through tilling, sand and gravel mining
operations, excavation of artificial drainage systems, or other forms of development.
It should be noted that although not plowed, these areas were heavily grazed and
contain stands of Canada thistle and other weeds livestock tend to avoid.

Although these areas may not have been plowed or disturbed, by using the
Minnesota Department of Natural Resources’ “Prairie Establishment and
Maintenance Technical Guidance for Solar Projects” and exploring opportunities for
pollinator friendly plantings, taken in total the Project is expected to increase the
amount of grassland habitat as it converts a number of currently tilled areas into
perennial vegetation. . The specific seed mixes will be identified and included in the
vegetation management plan. Gravel is not being proposed to be placed in all
areas under the solar array. Gravel pads or bases would be used only for inverter
stations, operations and maintenance buildings, and access roads. These facilities
make up approximately 8.2 acres of the total Project area (355 acres). The rest of
the Project would be vegetated. OTP will be using native plantings up to 2 feet in
height around and under the solar panels. Revegetation in other places will not be
limited to the 2-foot height limit.

OTP is planning to install a woven wire fence, which will be less visually intrusive
compared to a chain link fence. Most wildlife species will still be able to access the
area except for large species like white-tailed deer. Small wildlife will be able to pass
through the fencing. OTP will also consider making areas where mid-sized wildlife
could pass (e.g., fox and coyote). Large species such a white-tailed deer will be
restricted from the area by the height of the fence and will have to travel around
the facility. The location of the fence is set back from the property line, which will
allow for safe movement corridors around the Project.

15. During detailed design, OTP intends to work with adjacent landowners and the City
on specific Project screening requests. The Project will be visible to those traveling
along Highway 210. As indicated by the mandatory EAW, the new development of
a Project site does not automatically result in significant impacts on the visual
resources of the area. The EAW identifies the impacts that, if significant, could result
in the need for an EIS. It identifies impacts on scenic views or vistas, and impacts
from vapor flumes or intense lights. There are no designated scenic views or vistas in
the Project area, and the Project will not result in vapor plumes or require intense
lights.

17. The EAW did not disclose all sources of noise but focused on the louder ones. The
installation of small piles to support the solar infrastructure would probably be the
loudest contributor to the construction noise levels. Depending on the size and type
of pile driver, the noise level could be approximately 85 to 90 decibels (dB) at a
distance of 50 feet. This would be reduced at 75 feet to approximately 82 to 87 dB.?
For comparison, a motorcycle is approximately 90 dB from 25 feet away, and a

1 County of San Diego. 2015. Soitec Solar Development Project Final Program Environmental Impact
Report. January. https://www.sandiegocounty.gov/pds/ceqa/Soitec-Solar-EIR.html.
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tractor/combine is approximately 95 dB from the source of the noise when in full
operation and 80 dB when idling.?

Some concern was raised about the sound of the tracking system. Based on
additional discussions with equipment manufacturers, the anticipated level of noise
of the tracking system is approximately 44 dBA over a 5-second period. For
comparison, this is the same noise level of a library or a bird call. OTP will comply
with any necessary noise restrictions required by the City.

18. The existing traffic levels on Highway 210 and on Main Street, a gravel road, near the
Project area are low. The construction traffic would be split between the two access
points and would be more appropriately described as 75 vehicles per access point,
resulting in about 7 vehicles per hour at each site. Given the addition of
construction-related daily trips, it is anticipated that the roadways would have
adequate capacity to accommodate the estimated increase in traffic during the 9-
month period of construction. OTP will work with the City and township on upgrading
and maintaining the roads as necessary. OTP would leave the roads impacted in
the same or better condition than prior to construction.

VI. COMPARISON OF POTENTIAL IMPACTS WITH EVALUATION CRITERIA

In deciding whether a project has the potential for significant environmental effects
and whether an EIS is needed, the Minnesota EQB rules (4410.1700 Subp. 6) require the
responsible governmental unit, the City in this case, to compare the impacts that may
be reasonably expected to occur from the project with four criteria by which potential
impacts must be evaluated. The following is that comparison.

A. Type, Extent, and Reversibility of Environmental Effects

The City finds that the analysis completed during the EAW process is adequate to
determine whether the Project has the potential for significant environmental effects.
The EAW describes the type and extent of impacts anticipated to result from the
proposed Project. In addition to the information in the EAW, the public and agency
comments received during the public comment period (see Attachment A) were taken
into account in considering the type, extent, and reversibility of Project impacts. None
of the impacts considered were raised to the level of significant. In addition, proposed
measures will reduce potential impacts, such as the implementation of the construction
SWPPP and wetland setbacks, while other measures, such as reseeding with native
plants, will provide benefits to the area. None of the environmental effects are
irreversible.

B. Cumulative Effects of Related or Anticipated Future Projects

Cumulative effects of related or anticipated future projects include the
decommissioning of the Hoot Lake Plant in 2021 (which would reduce cumulative
ambient noise), the potential for future paving the portion of Main Street that bisects the
Project area (which would provide improved access) by the City, and continued

2 Bliss, Judy. 2018. Farming is Noisy Business — Don’t Let it Steal Your Hearing! University of Florida IFAS
Extension. January 26. http://nwdistrict.ifas.ufl.edu/phag/2018/01/26/farming-is-noisy-business-dont-let-it-
steal-your-hearing/.
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implementation of the Northeast River Reach Small Area Plan (which would continue
City economic development goals).

Extent to Which the Environmental Effects are Subject to Mitigation by Ongoing Public
Regulatory Authority

OTP will acquire any permits and approvals that may be required by federal, state, and
local agencies, and will implement any required conditions necessary, including those
that will reduce impacts and further protect the environment. Table 2 lists the permits or
approvals that may be required for project construction and operation. Depending on
final design, it is expected that not all these permits will be required.

Table 2: Permits and Approvals

Unit of Government Type of Permit or Approval

United States Army Corps of | Section 404 of the Clean Water Act Permit
Engineers

United States Fish Section 7 Federal Endangered Species Act
and Wildlife Service Consultation - Review for Threatened and Endangered
Species based on 404 Permit-informal coordination

Bald and Golden Eagle Protection Act, Non-Purposeful
Take of Eagles Permit and/or Nest Take Permit

Migratory Bird Treaty Act

Federal Lead Agency Section 106 of the National Historic Preservation Act
review of histarical and archaeological resources

Federal Energy Regulatory Exempt Wholesale Generator Self Certification

Commission Large Generator Interconnection Agreement
Minnesota Department of Public Waters Work General Permit (depending on
Natural Resources transmission line work)
Minnesota Board of Water Minnesota Wetland Conservation Act Approval
and Soil Resources
Minnesota Department Oversize/Overweight Permit for State Highways
of Transportation Application for Working within State Highway Right of
(MnDOT) Way
Application for Utility Permit on State Highway Right of
Way
Access Driveway Permits for MNDOT Roads
Minnesota Department Building Plan Review and Permits
of Labor and Industry
Minnesota Pollution Clean Water Act Section 401 State Water Quality
Control Agency Certificate

NPDES General Permit (Construction Stormwater;
Stormwater Pollution Prevention Plan)

Otter Tail County Site and Lot Alteration Permit
Shoreland Conditional Use Permit
Fergus Falls Building Permit

Shoreland Conditional Use Permit

OTP will be required to obtain a building permit from the City for the construction of the
Project. The City would be able access the property during construction to determine if
conditions are being met. Once the Project is in operation, the City would have
authority to inspect the property if it is determined that OTP is not meeting the City’s
codes and ordinances.



VII.

OTP wiill also require a Construction Stormwater Permit under the NPDES program and
develop a SWPPP before starting construction. The Project will adhere to the SWPPP to
prevent stormwater runoff during construction of the Project including the
implementation of erosion and sediment control best management practices.

Other permits may be required once the Project design is complete. These permits and
approvals necessary to construct and operate the Project will require enforceable
measures and conditions that will further reduce environmental effects.

Extent to Which Environmental Effects Can be Anticipated and Controlled as a Result of
Other Environmental Studies Undertaken by Public Agencies or the Project Proposer, or
of Environmental Reviews Previously Prepared on Similar Projects

Although not exhaustive, the City reviewed the following documents as part of the
environmental analysis for the Project:

o Data presented in the EAW and their associated references
e Permits and environmental review of similar projects

The Project is not to the final design stage, and Project elements would be reconsidered
during further development to minimize impacts. The environmental effects of the
Project have been assessed, and the list of permits and approvals identified in Table 2
will require OTP to obtain approvals prior to construction. OTP would also be required to
conform with regional and local plans. There are no elements of the Project that pose
the potential for significant environmental effects.

DECISION ON THE NEED FOR AN ENVIRONMENTAL IMPACT STATEMENT

Based on the EAW, the Findings of Fact and Record of Decision, and related
documentation for this Project, the City, the responsible governmental unit (RGU) for this
environmental review, concludes the following:

1. The EAW, this Findings of Fact and Record of Decision document, and related
documentation for the OTP Hoot Lake Solar Project were prepared in
compliance with the procedures of the Minnesota Environmental Policy Act and
Minn. Rules, Parts 4410.1000 to 4410.1700 (1993).

2. The EAW, this Findings of Fact and Record of Decision document, and related
documentation for the Project have satisfactorily addressed all the issues for
which existing information could have been reasonably obtained.

3. The Project does not have the potential for significant environmental effects
based on the above findings and the evaluation of the following four criteria
(per Minn. Rules, Parts 4410.1700 Subp. 7):

® Type, extent, and reversibility of environmental effects.
® Cumulative effects of related or anticipated future projects.

® Extent to which the environmental effects are subject to mitigation by
ongoing public regulatory authority.

® Extentto which environmental effects can be anticipated and controlled
as a result of other environmental studies undertaken by public agencies



or the project proposer, or of environmental reviews previously prepared
on similar projects.

VIIl.  The finding by the City that the EAW is adequate and no EIS is required provides no
endorsement, approval, or right to develop the Project by the City and cannot be
relied on as an indication of such approval. This finding allows OTP to formally initiate the
City’s process for considering the specific permits and approvals necessary for
development and operation of the Project, and for the City, informed by the record of
the EAW, to identify and encourage conditions for compatible project construction and
to assure their implementation at the Project site.

Consequently, the City makes a Negative Declaration and does not require the
preparation of an EIS for the Project.

Attachments:
Attachment A: Agency and Public Comments

Attachment B: Substantive Comment Responses
Attachment C: MN Department of Commerce Solar Size Determination

1(



ATTACHMENT A: AGENCY AND PUBLIC COMMENTS



COMMENT LETTER 1

From: "Barb Neileib" <bjneuleib@gmail.com>
To: HootLakeSolar@ci.fergus-falls.mn.us
Date: 12/14/2020 09:53 AM

Subject: Re:

We live on the east end of FF, & are concerned about industrial development impacting our rural
landscape. How do you plan to minimize the visual impact?
Sent from my iPhone



COMMENT LETTER 2

From: "Megan Beckler" <meganbeckler@multi-business-solutions.com>
To: HootLakeSolar@ci.fergus-falls.mn.us

Date: 12/18/2020 11:33 PM

Subject: Re: Comments re: Hoot Lake Solar

To whom it may concern:

I am writing to formally request a full copy of the response to all substantive questions that are
compiled from the 30-day comment period when it becomes available.

Response may be mailed to:
Dana & Megan Beckler

22599 Birchwood Estates Lane
Fergus Falls, MN 56537

Thank you,
Megan
On Tue, Dec 15, 2020 at 12:04 AM Megan Beckler <meganbeckler@multi-business-
solutions.com> wrote:
Hello,

Below are my comments/questions re: Hoot Lake Solar and the city's role in overseeing the
EAW process:

#1 - What are the current solar ordinances and where would | find a copy of them? The table
below is what I could find by searching on the City of Fergus Falls website as well as
American Legal Publishing Corporation. Andrew Bremseth mentioned a few different times
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at the public hearing that an argument could likely be made that the ordinances aer
insufficient for a nearly 500 acre, 49.9 megawatt project. | would say a 90-day moratorium
would be the mere beginning of the requirements and that more ordinances are very likely
needed in order to protect neighbors and the environment, and not just rely on the "good
faith" of the hometown corporation. Solar has changed quite a bit in the past 5 years, so I'd
say a review and likely revision is prudent. Also, when did the 90-day moratorium begin for
this project?

Ord. No. || Series H Date Passed H Description

20/|Seventh||2-21- ||Ninety-day moratorium on construction, erection, placement,
2015 ||reconstruction, enlargement or expansion of ground-mounted
solar energy systems and development and use of property for
such purposes

#2 - What do the current (and potential) ordinances require for setbacks (from roads
including state highways, county/township roads, from residences, and requirements of trees
for screening and aesthetics, as well as how do they address density issues with more solar
farms being placed near substations for transmission?

#3 - Are there county-level ordinances regulating solar projects? If not, should something
more comprehensive be looked at for that level of government considering solar is going to
become more and more common?

#4 - There seems to be many "unknowns™ with this project and they'll "decide details when
they get further into the project”. I can understand that to a certain extent, but when they are
surrounding entire plats of land, I think people deserve the courtesy of knowing the details:

o OTP doesn't know what kind of fence they'll use??

e OTP doesn't know exactly how much grading of the land will be necessary?? How
might this further impact erosion which will already be impacted due to changing the
topography of the land??

e OTP doesn't know what types of grasses can be planted under the arrays??

#5 - Has there been research about the economic impacts to nearby residents?

#6 - What is the city's current plan for expansion? If not to the east (due to this project), then
where?? Other communities have nearly doubled in size in the last 20 years (Alexandria,
Detroit Lakes). How might this limit the growth Fergus Falls is trying to foster in recent
years?

#7 - What will OTP do to maintain current wildlife habitats and strive to maintain dual use
of the land whenever possible (i.e. bald eagle nest referenced on p 20)?

#8 - | challenge you to set forth guidelines that force OTP to use all best practices (many of
which can be avoided by them choosing to do 49.9 MW instead of 50+). It is absurd that a
solar farm INSIDE the city limits wouldn't follow all best practices that have been developed
to-date.




#9 - What government entity will be responsible for maintaining Main Street during
construction and afterward (Aurdal Township or City of Fergus Falls)? Would there be
consideration made to pave this road? How does this impact any city/county-wide
transportation plans for a possible north by-pass of Fergus Falls to connect Hwy 210 and
County Road 1?

#10 - What are the criteria for deeming an EIS might be needed vs. just "rubber stamping”
this EAW that OTP has provided so far, along with OTP's fairly aggressive timeline? Who
on the City Council is representing the currently non-represented residents who live outside
the city limits but who will be greatly affected by the City's decision on this project since the
City of Fergus Falls is serving as the RGU vs Otter Tail County? Also, is there a conflict of
interest when the City looks at annexing and recouping tax revenue lost by Hoot Lake vs. the
actual environmental/economic impacts to the people who live nearby and will get to deal
with it day in and day out?

Kindly let us know how/when we can expect to hear a response to these
comments/questions.

Thank you,
Megan & Dana Beckler
Megan Beckler

Multi Business Solutions Inc
701.367.7846

https://meetings.hubspot.com/meganbeckler
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COMMENT LETTER 3

From: "David Schroeder" <ddschroederl6@gmail.com>

To: hootlakesolar@ci.fergus-falls.mn.us

Cc: ben.schieree@ci.fergus-falls.mn.us, jim.fish@ci.fergus-falls.mn.us, krista.hagberg@ci.fergus-falls.mn.us,
tom.rufer@ci.fergus-falls.mn.us, scott.kvamme@ci.fergus-falls.mn.us, brent.thompson@ci.fergus-falls.mn.us,
justin.arneson@sci.fergus-falls.mn.us, anthony.hicks@ci.fergus-falls.mn.us, "Karoline Gustafson" <Karoline.Gustafson@ci.fergus-
falls.mn.us>

Date: 12/24/2020 04:57 PM

Subject: Solar farm, OTP

To whom it may concern,

| want to express some reservations | have regarding Otter Tail Power's current plan for the
solar farm east of Fergus Falls. | am hoping that the city of Fergus Falls would, at a minimum,
update solar ordinances to be in alignment with best practices. This may require a moratorium
on the devel opmenton to give the city enough time to update your solar ordinances. | also have
some concerns about the development, in general, along the river east of town in what could
be prime real estate for development.

| understand there are alot of costs with infrastructure and such, but if this area were to be
developed for housing or other use, | would imagine the city's long term benefit would be
much greater from a revenue and esthetics point of view.

At aminimum, | would hope the city officials would require: set backs from roads and
property lines; proper year round fencing, including bushes and trees planted on the
developer's property; wildlife friendly fencing; burying lines and generally making such a
blight less visible would be in the best interest of the city.

| recognise the need to ensure tax revenue but | hope you have seriously considered if thisis
the highest and best use of the property. Thank you for your consideration.

David Schroeder



COMMENT LETTER 4

From: "Don Kleven" <ddkleven@gmail.com>
To: HootLakeSolar@ci.fergus-falls.mn.us
Date: 12/21/2020 07:32 PM

Subject:

Brian Y avarow,

Questions and concerns for the City of Fergus Falls to consider regarding the Hoot Lake Solar
plan.

- Will there be habitat degradation

- Will the base be vegetative or gravel

- Will the One Mile Prairie, wetlands, or CRP acres be affected in any way

- Will there by any fire concerns for the Fire Department

- Leaving some of the established trees would relieve some of the eyesore effect

- Will the solar 'farm’ be taxed by the City as commercial or agricultural

- Will the City have to rezone the site

- Will soil samples be taken periodically to monitor heavy metal or other by-products

- What will OTP do with the solar panels once the federal and state tax incentives expire

- Will there be a decommissioning plan established prior to the start of the project

- How will OTP reimburse homeowners for property devaluation

- Will the homes inside the site area be annexed into the City

- What is the plan for remaking and upkeep of the horrible road known as Main Street

- Blacktopping the road from Fergus Falls to Hwy 210 would go along way to ease concerns
- Setbacks from landowner property lines should be at least 350°

- Does the City have noise regulations for this type of project

- Wouldn't the City be better off financialy if the property was residential with new homes

- Will any and all policies and contracts be available for viewing

- OTP does have other sitesin their territory that have interconnections they could tie into that
wouldn't disrupt residential areas as this would

- OTPisclearly avoiding PUC regulations by staying under 50 MW

- Asasign of good faith - OTP should adopt neighbor friendly provisions of the best practices
ordinances that would be requred if the project was over 50 MW as other MN companies have
done

Please consider a moratorium to pause this project until adequate ordinances
are established and concerns of all affected can be addressed.

Thank you for your time,

Deb Kleven

22756 Birchwood Estates Lane
Fergus Falls MN 56537

ddkleven@gmail.com




COMMENT LETTER 5

From: deborahfear@aol.com

To: "hootlakesolar@ci.fergus-falls.mn.us" <hootlakesolar@ci.fergus-falls.mn.us>

Cc: "ben.schierer@ci.fergus-falls.mn.us" <ben.schierer@ci.fergus-falls.mn.us>, "jim.fish@ci.fergus-falls.mn.us"
<jim.fish@ci.fergus-falls.mn.us>, "krista.hagberg@ci.fergus-falls.mn.us" <krista.hagberg@ci.fergus-falls.mn.us>,
"tom.rufer@ci.fergus-falls.mn.us"

<tom.rufer@ci.fergus-falls.mn.us>, "scott.kvamme@ci.fergus-falls.mn.us" <scott.kvamme@ci.fergus-falls.mn.us>,
"brent.thompson@ci.fergus-falls.mn.us" <brent.thompson@ci.fergus-falls.mn.us>, "justin.arneson@ci.fergus-falls.mn.us"
<justin.arneson@ci.fergus-falls.mn.us>, "anthony.hicks@ci.fergus-falls.mn.us" <anthony.hicks@ci.fergus-falls.mn.us>,
"karoline.gustafson@ci.fergus.mn.us" <karoline.gustafson@ci.fergus.mn.us>

Date: 12/22/2020 01:45 AM

Subject: Hoot Lake Solar Farm

I'm writing you to express my deep concern for your decisions that involve my neighbors and
I. Individual people can do what they like on their property because it only affects them.
However, your plans for the solar project with 49.9 Megawatts is an obvious attempt to avoid
any oversight by the Public Utilities Commission. It is necessary for the health and well-being
of those possibly affected by your decisions to have sufficient county, city, or township
ordinances to protect neighboring residents. Please don't take chances on our health and please
don't make decisions that affect our property values. It is not right that you would discriminate
against us and attempt to make decisions that would reduce the value of our personal
properties and homes.

Y ou need to be safe, rather than have us be sorry for your decisions. Involve the Public Utilities Commission and

keep this ethically above board and in alignment with best practices. The RGU does not have enough experience or
knowledge of alarge-scale solar farm to properly protect us.

I've copied our Mayor and City Council members requesting a moratorium be passed to pause
this project while the city updates solar ordinances!

Deborah Bass



COMMENT LETTER 6

From: "Thibodeaux, Jaime (DNR)" <jaime.thibodeaux@state.mn.us>

To: "HootLakeSolar@ci.fergus-falls.mn.us" <HootLakeSolar@ci.fergus-falls.mn.us>

Cc: "Herwig, Christine (DNR)" <christine.herwig@state.mn.us>, "Joyal, Lisa (DNR)" <lisa.joyal@state.mn.us>, "Hedtke, Shelley (DNR)"
<shelley.hedtke@state.mn.us>, "Aadland, Julie A (DNR)" <julie.aadland@state.mn.us>, "Westmark, Amy (DNR)"
<amy.westmark@state.mn.us>, "Wolters, Jim (DNR)" <james.wolters@state.mn.us>

Date: 12/22/2020 04:04 PM

Subject: MDNR comments on hoot lake solar

Good afternoon,

Please see the attached comments on the Hoot Lake Solar project. If you have any questions
please feel free to give me a call.

Thank you and happy holidays,

Jaimé Thibodeaux

NW Environmental Assessment Ecologist | Division of Ecological and Water Resources
Minnesota Department of Natural Resources

2115 Birchmont Beach Rd. NE

Bemidji, MN 56601

Phone: 218-308-2672

mndnr.gov

Please contact me if an alternative document format is needed for accomodation
(See attached file: 2020-12-22-HootLakeSolarLtr_FINAL.pdf)
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m DEPARTMENT OF
NATURAL RESOURCES

Ecological and Water Resources
2115 Birchmont Beach Rd NE
Bemidji, MN 56601

December 22, 2020

Brian Yavarow

City Engineer

City of Fergus Falls

112 W Washington Ave
Fergus Falls, MN 56537

EAW, Hoot Lake Solar Project, Otter Tail County
Brian Yavarow,

Minnesota Department of Natural Resources (MDNR) is very supportive of transition into renewable
energy projects and the Minnesota Solar Energy Standard. Climate change is a significant threat to
both the environment and people.

MDNR has reviewed the Environmental Assessment Worksheet (EAW) for the Hoot Lake Solar project
and offer the following comments.

Early Coordination and Planning

MDNR encourages solar developers to initiate early coordination to identify potential issues for
resolution early in the process. Early coordination did not occur for this project. For future projects, we
encourage you to contact the MDNR Regional Environmental Assessment Ecologist (REAE) in project

infancy. Jaimé Thibodeaux (218-308-2672 or jaime.thibodeaux@state.mn.us) is your local contact for

Northwest Minnesota.

Please review MDNR Commercial Solar Siting Guidance. Use of this guidance document as well as early

coordination prevents last minute issues and delays relating to permitting. Early planning and
coordination also enables a project to minimize its overall environmental footprint.

Identification of High Value Resources

Pasturelands and unplowed or undeveloped land have the potential to contain native remnant prairie.
Native prairie is grassland that has never been plowed and contains plant species representative of
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https://files.dnr.state.mn.us/publications/ewr/commercial_solar_siting_guidance.pdf



prairie habitats with complex plant and insect species diversity. In the mid-1800s, more than 99% of
native prairie has been destroyed, and the 1% that remains consists mostly of widely scattered
fragments that are surrounded by agriculture and development.

While the Minnesota Natural Heritage Database records indicate no rare plant communities have been
formally documented with the project area, potential remains for prairie remnants to occur within the
project boundaries. Many lands throughout Minnesota remain un-surveyed.

e MDNR recommends an assessment of all grasslands or pasturelands that have not been
previously plowed to determine if prairie remnants are located within the project boundaries.
Surveys should be assessed by a qualified botanist or plant ecologist. Otter Tail Power should
modify the project to avoid any impacts to prairie remnants, should one be documented.

e MDNR recommends any discovered prairie remnants be surveyed for rare species. Due to the
rarity of native prairie, these remnants have high potential to contain state-listed species. The
destruction of any state-threatened or endangered plants is regulated under Minnesota’s
endangered species law (MINN. STAT. § 84.0895). MDNR maintains a list of surveyors qualified
to perform rare species surveys and must approve any rare species survey methods and
protocols. For additional information, see the MDNR Endangered and Threatened Species Page.

Water Resources

Solar panels are specifically included as a structure within Otter Tail County shoreland ordinance
definitions. Surrounding natural wetlands with panels can negatively affect wildlife use of wetlands.
Some species will avoid the wetlands due to the structures, glare, shading, vehicular traffic, and human
disturbance. Minnesota public water basin (unnamed, 56081500) located on the southeastern portion
of the project is classified as a natural environment lake. Natural environment lakes are generally
small, often shallow lakes with limited capacities for assimilating the impacts of development and
recreational use.

e To be consistent with the ordinance, panels should be setback at least 200 feet from the
ordinary high water level.

e MDNR also recommends larger open water wetlands retain a minimum of a 100-foot buffer to
avoid impacts to wildlife and aquatic habitats.

e All grading should be designed to divert or capture run-off from panels and associated
infrastructure, preventing runoff into aquatic environments unfiltered.

e For additional items to consider for solar projects within shoreland areas for this and future
solar projects, see MDNR’s Guidance for Solar Power Facilities near Lakes and Rivers.
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Recreation and Aesthetics

The project is located immediately north of a federal Waterfow! Production Area (WPA), which is used
by the public for recreational outdoor activities such as hunting, berry picking, photography, and bird
watching. Solar panels would presumably be facing southward toward the WPA. In addition, a Reinvest
in Minnesota conservation easement is located immediately to the west of the proposed project
managed by Fergus Falls Fish and Game Club.

The EAW does not assess potential visual and other impacts to users of these properties. State, federal,
and non-profit conservation groups have expended a considerable amount of time and money to
acquire and manage these properties for the conservation of natural resources and recreational use by
the public.

e MDNR recommends at least 200 feet from these properties to minimize conflicts between
recreational users and the solar facility.

e Also, consider visual screening plantings of shrubs and trees such as wild plum, chokecherry,
and various species of dogwood to minimize visual impacts.

Wildlife

MDNR recommends using 3-4 strand smooth fencing that is 4-5 feet high. Including a top guard angled
out and upward at 45 degrees with 3-4 strands of smooth wire (no barbs) that would discourage
trespassing. The use of this more open type of fencing allows wildlife to freely move in and out of the
area (including deer). Tall deer fencing becomes problematic when deer do make their way into a
compound; their removal is quite difficult. Chain link fences restrict animal movement between
wetlands and uplands needed to complete their full lifecycles (i.e. turtles).

Due to entanglement issues with small animals, use of erosion control blanket shall be limited to ‘bio-
netting’ or ‘natural netting’ types, and specifically not products containing plastic mesh netting or
other plastic components. These are Category 3N or 4N in the 2016 & 2018 MnDOT Standards
Specifications for Construction. Also, be aware that hydro-mulch products may contain small plastic
fibers to aid in its matrix strength. These loose fibers could potentially re-suspend and make their way
into Public Waters. As such, please review mulch products and not allow any materials with synthetic
fiber additives in areas that drain to aquatic environments.

Vegetation

MDNR recommends avoiding the use of turf grasses, as they attract geese, are less effective at
capturing and filtering water runoff, and provide minimal habitat value for pollinators and smaller bird
species. The EAW notes all disturbed areas will be planted to native seed mix according to MDNR's
Prairie Establishment & Maintenance Technical Guidance for Solar Projects but does not disclose the
acreage to be planted in native vegetation.





Often solar developers have concerns regarding use of native grasses due to their perceived height.
Conveniently, the MN Board of Water and Soil Resources (BWSR) has several low-growing native
pollinator seed mixes designed for use under and around solar panels. In particular, the “low growing
solar array mix south & west” seems most applicable for this site. Many native plant suppliers have
become familiar with the unique needs of solar developments and may be able to develop specific
native pollinator seed mixes specific to this project.

In addition to planting of native vegetation, MDNR recommends Otter Tail Power work toward
becoming a Habitat Friendly Solar project certified by BWSR. For more information visit the BWSR
Habitat Friendly Solar Program Page.

Thank you for consideration of these comments. Please contact Environmental Assessment Ecologist,
Jaimé Thibodeaux at 218-308-2672 or jaime.thibodeaux@state.mn.us if you have any questions or
require further assistance.

Sincerely,

Ve

Christine Herwig
EWR Assistant Regional Manager

cc: Jaimé Thibodeaux, Environmental Assessment Ecologist
Shelley Hedtke, SNA Management Specialist
Lisa Joyal, Endangered Species Coordinator
Julie Aadland, Area Hydrologist

Equal Opportunity Employer
Above Links:
MDNR Regional Environmental Assessment Ecologist

(tiny url) https://go.usa.gov/xAgzD

Commercial Solar Siting Guidance

https://files.dnr.state.mn.us/publications/ewr/commercial solar siting guidance.pdf

Low Growing Solar Array Mix

http://bwsr.state.mn.us/sites/default/files/2019-01/Low Growing Solar Array Mix South West.pdf

Solar Power Facilities near Lakes and Rivers

https://files.dnr.state.mn.us/waters/watermgmt_section/shoreland/siting-solar-power.pdf

BWSR Habitat Friendly Solar Program

https://bwsr.state.mn.us/minnesota-habitat-friendly-solar-program




http://bwsr.state.mn.us/sites/default/files/2019-01/Low_Growing_Solar_Array_Mix_South_West.pdf

http://bwsr.state.mn.us/sites/default/files/2019-01/Low_Growing_Solar_Array_Mix_South_West.pdf

https://bwsr.state.mn.us/minnesota-habitat-friendly-solar-program
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Ecological and Water Resources
2115 Birchmont Beach Rd NE
Bemidji, MN 56601

December 22, 2020

Brian Yavarow

City Engineer

City of Fergus Falls

112 W Washington Ave
Fergus Falls, MN 56537

EAW, Hoot Lake Solar Project, Otter Tail County
Brian Yavarow,

Minnesota Department of Natural Resources (MDNR) is very supportive of transition into renewable
energy projects and the Minnesota Solar Energy Standard. Climate change is a significant threat to
both the environment and people.

MDNR has reviewed the Environmental Assessment Worksheet (EAW) for the Hoot Lake Solar project
and offer the following comments.

Early Coordination and Planning

MDNR encourages solar developers to initiate early coordination to identify potential issues for
resolution early in the process. Early coordination did not occur for this project. For future projects, we
encourage you to contact the MDNR Regional Environmental Assessment Ecologist (REAE) in project

infancy. Jaimé Thibodeaux (218-308-2672 or jaime.thibodeaux@state.mn.us) is your local contact for

Northwest Minnesota.

Please review MDNR Commercial Solar Siting Guidance. Use of this guidance document as well as early

coordination prevents last minute issues and delays relating to permitting. Early planning and
coordination also enables a project to minimize its overall environmental footprint.

Identification of High Value Resources

Pasturelands and unplowed or undeveloped land have the potential to contain native remnant prairie.
Native prairie is grassland that has never been plowed and contains plant species representative of


https://go.usa.gov/xAgzD
mailto:jaime.thibodeaux@state.mn.us
https://files.dnr.state.mn.us/publications/ewr/commercial_solar_siting_guidance.pdf

prairie habitats with complex plant and insect species diversity. In the mid-1800s, more than 99% of
native prairie has been destroyed, and the 1% that remains consists mostly of widely scattered
fragments that are surrounded by agriculture and development.

While the Minnesota Natural Heritage Database records indicate no rare plant communities have been
formally documented with the project area, potential remains for prairie remnants to occur within the
project boundaries. Many lands throughout Minnesota remain un-surveyed.

e MDNR recommends an assessment of all grasslands or pasturelands that have not been
previously plowed to determine if prairie remnants are located within the project boundaries.
Surveys should be assessed by a qualified botanist or plant ecologist. Otter Tail Power should
modify the project to avoid any impacts to prairie remnants, should one be documented.

e MDNR recommends any discovered prairie remnants be surveyed for rare species. Due to the
rarity of native prairie, these remnants have high potential to contain state-listed species. The
destruction of any state-threatened or endangered plants is regulated under Minnesota’s
endangered species law (MINN. STAT. § 84.0895). MDNR maintains a list of surveyors qualified
to perform rare species surveys and must approve any rare species survey methods and
protocols. For additional information, see the MDNR Endangered and Threatened Species Page.

Water Resources

Solar panels are specifically included as a structure within Otter Tail County shoreland ordinance
definitions. Surrounding natural wetlands with panels can negatively affect wildlife use of wetlands.
Some species will avoid the wetlands due to the structures, glare, shading, vehicular traffic, and human
disturbance. Minnesota public water basin (unnamed, 56081500) located on the southeastern portion
of the project is classified as a natural environment lake. Natural environment lakes are generally
small, often shallow lakes with limited capacities for assimilating the impacts of development and
recreational use.

e To be consistent with the ordinance, panels should be setback at least 200 feet from the
ordinary high water level.

e MDNR also recommends larger open water wetlands retain a minimum of a 100-foot buffer to
avoid impacts to wildlife and aquatic habitats.

e All grading should be designed to divert or capture run-off from panels and associated
infrastructure, preventing runoff into aquatic environments unfiltered.

e For additional items to consider for solar projects within shoreland areas for this and future
solar projects, see MDNR’s Guidance for Solar Power Facilities near Lakes and Rivers.



https://www.dnr.state.mn.us/ets/index.html
https://files.dnr.state.mn.us/waters/watermgmt_section/shoreland/siting-solar-power.pdf

Recreation and Aesthetics

The project is located immediately north of a federal Waterfow! Production Area (WPA), which is used
by the public for recreational outdoor activities such as hunting, berry picking, photography, and bird
watching. Solar panels would presumably be facing southward toward the WPA. In addition, a Reinvest
in Minnesota conservation easement is located immediately to the west of the proposed project
managed by Fergus Falls Fish and Game Club.

The EAW does not assess potential visual and other impacts to users of these properties. State, federal,
and non-profit conservation groups have expended a considerable amount of time and money to
acquire and manage these properties for the conservation of natural resources and recreational use by
the public.

e MDNR recommends at least 200 feet from these properties to minimize conflicts between
recreational users and the solar facility.

e Also, consider visual screening plantings of shrubs and trees such as wild plum, chokecherry,
and various species of dogwood to minimize visual impacts.

Wildlife

MDNR recommends using 3-4 strand smooth fencing that is 4-5 feet high. Including a top guard angled
out and upward at 45 degrees with 3-4 strands of smooth wire (no barbs) that would discourage
trespassing. The use of this more open type of fencing allows wildlife to freely move in and out of the
area (including deer). Tall deer fencing becomes problematic when deer do make their way into a
compound; their removal is quite difficult. Chain link fences restrict animal movement between
wetlands and uplands needed to complete their full lifecycles (i.e. turtles).

Due to entanglement issues with small animals, use of erosion control blanket shall be limited to ‘bio-
netting’ or ‘natural netting’ types, and specifically not products containing plastic mesh netting or
other plastic components. These are Category 3N or 4N in the 2016 & 2018 MnDOT Standards
Specifications for Construction. Also, be aware that hydro-mulch products may contain small plastic
fibers to aid in its matrix strength. These loose fibers could potentially re-suspend and make their way
into Public Waters. As such, please review mulch products and not allow any materials with synthetic
fiber additives in areas that drain to aquatic environments.

Vegetation

MDNR recommends avoiding the use of turf grasses, as they attract geese, are less effective at
capturing and filtering water runoff, and provide minimal habitat value for pollinators and smaller bird
species. The EAW notes all disturbed areas will be planted to native seed mix according to MDNR's
Prairie Establishment & Maintenance Technical Guidance for Solar Projects but does not disclose the
acreage to be planted in native vegetation.



Often solar developers have concerns regarding use of native grasses due to their perceived height.
Conveniently, the MN Board of Water and Soil Resources (BWSR) has several low-growing native
pollinator seed mixes designed for use under and around solar panels. In particular, the “low growing
solar array mix south & west” seems most applicable for this site. Many native plant suppliers have
become familiar with the unique needs of solar developments and may be able to develop specific
native pollinator seed mixes specific to this project.

In addition to planting of native vegetation, MDNR recommends Otter Tail Power work toward
becoming a Habitat Friendly Solar project certified by BWSR. For more information visit the BWSR
Habitat Friendly Solar Program Page.

Thank you for consideration of these comments. Please contact Environmental Assessment Ecologist,
Jaimé Thibodeaux at 218-308-2672 or jaime.thibodeaux@state.mn.us if you have any questions or
require further assistance.

Sincerely,

Ve

Christine Herwig
EWR Assistant Regional Manager

cc: Jaimé Thibodeaux, Environmental Assessment Ecologist
Shelley Hedtke, SNA Management Specialist
Lisa Joyal, Endangered Species Coordinator
Julie Aadland, Area Hydrologist

Equal Opportunity Employer
Above Links:
MDNR Regional Environmental Assessment Ecologist

(tiny url) https://go.usa.gov/xAgzD

Commercial Solar Siting Guidance

https://files.dnr.state.mn.us/publications/ewr/commercial solar siting guidance.pdf

Low Growing Solar Array Mix

http://bwsr.state.mn.us/sites/default/files/2019-01/Low Growing Solar Array Mix South West.pdf

Solar Power Facilities near Lakes and Rivers

https://files.dnr.state.mn.us/waters/watermgmt_section/shoreland/siting-solar-power.pdf

BWSR Habitat Friendly Solar Program

https://bwsr.state.mn.us/minnesota-habitat-friendly-solar-program



http://bwsr.state.mn.us/sites/default/files/2019-01/Low_Growing_Solar_Array_Mix_South_West.pdf
http://bwsr.state.mn.us/sites/default/files/2019-01/Low_Growing_Solar_Array_Mix_South_West.pdf
https://bwsr.state.mn.us/minnesota-habitat-friendly-solar-program
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COMMENT LETTER 7

From: "Erik & Marna" <erikandmarna@yahoo.com>
To: <HootLakeSolar@ci.fergus-falls.mn.us>

Date: 12/30/2020 03:40 PM

Subject: Hoot Lake Solar Project Comment

Good afternoon,

| am a proponent of alternatives to fossil fuels, but | do have concerns about this project as
laid out in the Environmental Assessment Worksheet (EAW). | am most concerned about some
of the long-term environmental impacts and future costs of the proposed solar project. The
EAW is mandatory under MN Rules 4410.4300 Subp. 3 for electric-generating facilities. The
Otter Tail Power EAW provided required information to the public about the project.
However, | believe it is not clear how the project will protect the environment as set forth in
Minnesota Rules 4410.

This project is substantial in size and there are plans for a woven wire fence around it. A
woven wire fence may allow for movement of some wildlife but it is still a significant barrier to
others. This is a large concern. If the entire project is fenced, how will wildlife move?

With many wetlands on the site, are there provisions in place if they become
degraded during or after the installation?

It is very encouraging to note that native vegetation will be planted as a dual use
project to provide habitat for insects and wildlife. However, it looks like OTPC plans to plant
natiVe plants on only about 16 of the 450 acre site. This is not acceptable. There are shorter
native seed mixes that can be used to keep the plants from interfering with operation of the
solar panels. Native plants will provide many benefits and help mitigate the loss of other shrub
and grassland acreage within the site. Native plants should be maximized within the project
area.

Have you considered a conservation grazing plan incorporating sheep to maintain
vegetation?



Although any solar energy project can have a useful life of 25 years or more, it is important
that the community understand the risks involved in decommissioning the project. The City of
Fergus Falls should require a physical plan for decommissioning including how costs will be
handled. Decommissioning, salvage value, and land restoration costs should be included in the
decommissioning cost calculation and prepared by a licensed engineer. Those costs should not
be borne by the City nor the consumer. A letter of credit or other security instrument should
be included and updated every five years. | would like to be assured that OTPCO will
implement reasonable risk

mitigation to protect the community and the environment for future generations.

According to Minnesota law, the responsible governmental unit (RGU) must obtain from
the project proposer all information necessary to review, modify, and make a decision.
As RGU, the City of Fergus Falls could determine the need for an Environmental Impact
Statement (EIS) based on comments received during the EAW comment period or
additional information received or determined. It is my hope that the City will consider all
comments within the allowed 30 days prior to the final decision.

Lastly, as a co-chair of the City’s Natural Resource Advisory Committee, | am disappointed that
our committee was not brought into this process. The city missed the opportunity to take
advantage of the varied expertise on the committee which could have helped with a stronger
EAW, project, and protection/conservation of the natural resources in Fergus Falls.

Thank you,
Erik Anthonisen
Sent from Y ahoo Mail for iPad


https://nam12.safelinks.protection.outlook.com/?url=https%3A%2F%2Foverview.mail.yahoo.com%2F%3F.src%3DiOS&data=04%7C01%7CMichael.Mayer%40hdrinc.com%7C4485bceaed78494f86bd08d8b0ef3511%7C3667e201cbdc48b39b425d2d3f16e2a9%7C0%7C0%7C637453888730683173%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=Le%2F6m4W%2FIJ9QSv43smKf1us0iPRJ%2Fi1nHRbnWWuHqFc%3D&reserved=0

COMMENT LETTER 8

From: "gmathiesen@juno.com" <gmathiesen@juno.com>
To: HootLakeSolar@ci.fergus-falls.mn.us

Date: 12/14/2020 07:30 PM

Subject: Solar Farm

Hello Brian Y avarow,

I have been reading and hearing about the proposed solar farm devel opment by Otter Tail
Power, and am disturbed by the way people who live in that area are being treated. It seems
like arushed job, and not enough time is being given to hear from the residents of Fergus
Falls. | don't seethisas adiscussion for, or against, solar energy. The question I'm hearing is:
Isthis the right spot for our community? Friends of mine who recently built on land that this
project will butt up against are told OTP will buy out their property, but at far less value than
what they'd get on the open market. And now that this project is public knowledge, who would
want to buy it? They asked OTP repsif they could plant trees along that side and were told
no--as that would block sunlight into the solar panels. Also, thisis going to be annexed into
city limits and visible from 210, and come right next to the beautiful One Mile Lake Prairie
trail area, and the recently constructed North Country National Scenic Trail trail-head (which
IS agreat asset to this community). They will also be completely surrounding existing homes.
Homes people have raised their kids in and have invested in. Folks are assuming it isgoing in
aflat field in the middle of nowhere, thisis not the case. If we take alook at the area: the
rolling hills, wetlands, wildlife, existing trees and habitat...then ask ourselves..is this the best
spot for alarge-scale solar farm? | don't think so. Thisis not sounding good in terms of OTP
relationship to our community, and it doesn't sound like something the City of Fergus Falls
should encourage. Thanks for encouraging us to write to you--1 hope many other will too.
Thanks,

Gaylan Mathiesen

Fergus Falls

Top News - Sponsored By Newser

e Biden Wins Electoral Vote, 306-232, With No Defections

e Trump Says Barr Has Resigned
e New COVID Variant Is 'Something to Keep an Eye On'




COMMENT LETTER 9

From: "Isaac Orr" <Isaac.orr@americanexperiment.org>

To: "hootlakesolar@ci.fergus-falls.mn.us" <hootlakesolar@ci.fergus-falls.mn.us>
Date: 12/22/2020 12:09 PM

Subject: Comments on proposed solar facility

Good Afternoon,

My name is Isaac Orr, and | am a policy fellow specializing in energy and environmental policy at Center of the
American Experiment, a think tank located in Golden Valley, Minnesota.

| am writing today to comment on the proposed 49.9 megawatt (MW) solar facility in Fergus Falls that would be
constructed by the Otter Tail Power company (OTP).

There are several considerations the City of Fergus Falls should consider when determining whether to approve this
project. Among them are:

e The size of the project and associated costs.

e The potential impact of these solar panels on the environment.

e Protecting Fergus Falls residents from potential financial liability for decommissioning
the site.

e Suggested ordinances to protect the environment and city finances.

The Project is Much Bigger Than Necessary

The proposed project size of 49.9 MW is much larger than would be needed for OTP to satisfy Minnesota’s Solar
Energy Standard (SES), a state law which requires the utility to generate 1.5 percent of its electricity from solar
energy.

Using the standard amount of electricity generated from solar panels at other locations in Minnesota, which is
about 18 percent of their potential output, or capacity factor, this project would need to be approximately 25 MW



[bookmark: _GoBack]1 Section 618.3H. – Latest Transformer Oil - EPA has recognized the need for, and has developed a next generation transformer oil that is more protective of aquatic life. This provision requires the facility to use this more environmentally protective formulation.



2 Section 618.4B., 618.5B.11 and 618.5A.9. – Battery Safety - The use of short-term battery storage has been recognized by Duke Energy as beneficial to grid stability. However, the battery technology proposed has been shown to be unstable at times leading to fires. The proposed changes recognize (1) the need for additional liability insurance for fire damage (Section 618.4B and 618.5B.11) and (2) the need for stronger fire-fighting preparedness. (Section 618.5A.9.)



3 Section 618.5A. and B. both 7 and 8. – Protection from PFAS – Many solar panels and Lithium Ion batteries use various perfluoroalkyl substances (PFAS) which have been identified as being of significant health concern. These provisions prohibit the use of PFAS-containing components in SEPGS. 



4 Section 618.5A.11. – Unique Ecological Concerns – This provision recognizes that certain ecological site-studies are critical to assure lasting damage will not result from such a large project. The information the proposed language calls for will be critical in evaluating the likelihood of success of SEPGS applications.



5 Section 618.5B.17 – Noise - The proposed language relies on the baseline noise level to set the additional noise allowed rather than simply relying on an absolute noise level.



6 Section 618.5B.18 – Groundwater Baseline – Recognizing research has shown certain toxic compounds and heavy metals are released by solar installations, the proposed language requires a baseline level of these compounds are determined prior to construction. This will allow the determination of the direct impact the installation will have on groundwater quality. 



7 Section 618.5B.19 – Decommissioning Costs - The costs of decommissioning large-scale solar generating facilities include a number of steps including disposal of the spent solar panels. The NC legislature has recognized in passing HB 329 the immense challenge disposal will present in the future when millions of panels reach the end of their useful life.  The costs associated with ultimate disposal may be significant. So significant that the County should be assured that the financial resources will be available to complete the job safely. The proposed language relies on actual cost data for decommissioning solar facilities to fix a minimum value for the financial assurance requirement. It also provides a mechanism to augment that value if costs specific to a given facility are estimated to exceed the minimum value.



8 Section 618.6 – Decommissioning Requirements – The requirements of a successful decommissioning of a SPEGS is laid out with greater detail in the proposed language. These requirements make clear the importance of the groundwater baseline study referenced earlier as well as the pre-construction ecological reports required earlier.



9 Section 618.7 – Solar Panel Recycling - Recycling of solar panels may well provide a means of defraying the costs of decommissioning. There is little doubt that the owner of the solar panels will, upon decommissioning a facility, seek the most cost-effective solution for disposal consistent with state and federal laws at the time of decommissioning. Recognizing that literally millions of panels will be being disposed of (from other NC solar facilities) during the time this facility reaches its end of useful life, the value of the panels could vary significantly. The proposed language deletes any reliance by the County on recycling whatsoever on final disposal so as to shield the citizens of Stanly County from potential negative values for recycling. This recognizes that owner will enjoy the benefits of potential positive values. 

    


























[bookmark: _GoBack]Executive Summary



In the next twenty years North Carolina will experience an enormous amount of spent solar panels entering the waste stream. Prudent planning now will avoid the sort of legacy disaster that coal ash has presented the state. While we might hope that recycling could play a role in the final disposition of spent solar panels there is no illustration that recycling is currently cost effective. A recent study of the decommissioning of power plants noted that NC was the only state in the study that assigned any value to spent solar panels. In addition, solar manufacturers are continuing to find ways to use less and less of the more expensive materials needed for the panels, such as silver, in the newer panels. This drives down the cost of new panels, but also reduces the motivation for recycling these panels at the end of their useful lifetime.



In the absence of viable recycling, preparations should be taken to ensure the resources are available to decommission these utility scale solar plants. Costs from decommissioning similar size plants to the one under consideration in Stanly County average $106,000/installed MW. By requiring a surety of some kind for this amount, the county will avoid having to deal with undercapitalized LLCs that might exist 25 years from now.



References for Decommissioning Costs 



We performed a desktop analysis in GIS to estimate the size of potential solar projects in the County.  We assumed that a model project considered as a good potential solar site would be agricultural lands on relatively high ground with low to moderate relief and require lease negotiations with no more than six (6) property owners.  Several potential project sites were identified ranging from about 180 to 480 acres.  We further assumed that approximately 20% of all properties would not be used for energy generation due to existing features such as roads, small woodlots, stream valleys, occupied dwellings, etc., or to accommodate non-generating infrastructure of a proposed SEPGS. We used net generating acreage estimates of 160 to 385 acres as what we would expect to be a common size range for SEPGS in Stanly County.  For direct land-use requirements, the capacity-weighted average is 7.3 acre/MW1, so our hypothetical project might be expected to produce 19.7 to 52.7 MW.  Note that this desktop exercise was simply a rapid way to estimate the approximate scale of potential solar projects in Stanly County, and we recognize that projects outside of the suggested size range may well be profitable.



The primary source for our estimate of $106,000/MW comes from a report published by the independent non-partisan group Resources for the Future (RFF). In particular the report lists estimated decommissioning costs for a number of photo-voltaic (PV) solar plants. 

Those were for plants of 20 – 50 MW. The average decommissioning cost for those three was $106,000/MW. (See Table 9 on page 36). These costs were for returning the sites to greenfield conditions and does not include a cost of recycling. Instead, a recycling value of $0 was used. 

https://media.rff.org/documents/RFF20Rpt20Decommissioning20Power20Plants.pdf



As that report notes, NC is an outlier from the other states in the study in that the solar developers have represented that solar panels have a substantial salvage value. 



Information on recycling solar panels does not support this claim. Typical recycling costs given for the US are on the order of $12 - $25/panel after transportation costs. https://grist.org/energy/solar-panels-are-starting-to-die-what-will-we-do-with-the-megatons-of-toxic-trash/

Another study of both the recycling and the environmental costs of solar panels gives a recycling cost for a panel of $15-20:

https://solarmetric.com/learn/solar-panel-waste-could-leasing-be-the-answer/#:~:text=It%20currently%20costs%20%2415%2D20,latter%20option%20is%20still%20legal.

Using an estimate of 5000 panels/MW and a recycling cost of $20/panel would give a cost of $100,000/MW. Note that this would cover only the cost of disposing of the solar panels and not the other costs of dismantling the plant and returning the land to greenfield conditions.  



Finally, an article in Forbes notes that newer manufacturing techniques for solar panels allow them to contain less of the expensive metals, notably silver, of older panels thereby decreasing their value for recycling. 

https://www.forbes.com/sites/jeffmcmahon/2018/09/04/innovation-is-making-solar-panels-harder-to-recycle/#755999034c0a



This estimate would be in addition to the estimate of $106,000/MW given above. In other words, the study’s assumption of $0 cost of recycling may be very low if recycling were required. Because the costs of disposing of the panels in a landfill are likely to be much lower, on the order of one-tenth the recycling costs, the value of $106,000/MW may still be reasonable.



The uncertainty in recycling costs argues for the omission of any recycling requirements in the County’s rule. A more prudent requirement would simply be to dispose of the panels consistent with State and federal law.  









1 Reference:  National Renewable Energy Laboratory  www.nrel.gov

Land-Use Requirements for Solar Power Plants in the United States 

Technical Report NREL/TP-6A20-56290

Sean Ong, Clinton Campbell, Paul Denholm, Robert Margolis, and Garvin Heath 

Prepared under Task Nos. SS12.2230 and SS13.1040




[bookmark: _GoBack]Section 618.  Solar Energy Power Generation System Overlay District 



618.1 Solar Energy Power Generation System 

The regulations of the Solar Energy Power Generation Systems (SEPGS) Overlay District are intended:

1. To direct the location of SEPGS facilities within Stanly County (hereinafter referred to as “County” or “Stanly County”).

1. To protect residential areas and land uses from impacts of SEPGS facilities.

1. To minimize visual impacts of SEPGS facilities through careful design, placement, and landscape screening.

1. To accommodate the growing need for SEPGS facilities to provide alternative sources of power in the County and region.

1. To promote economic development by placing SEPGS facilities in locations that do not to impair conventional manufacturers and industries and in locations where municipal type services are not located or planned.



618.2 Minor and Major SEPGS

Minor SEPGS and related facilities are allowed in all zoning districts by right, and a major SEPGS and related facilities are allowed only by a rezoning to a SEPGS Overlay District.  Legislative approval of a SEPGS Overlay District by the Board of County Commissioners is required before a zoning compliance can be issued for construction of a major SEPGS.  In addition, all regulations of Section 618 shall be met before the SEPGS receives final approval.

 A. 	A minor SEPGS shall include any privately used solar power system that generates up to two times the amount of power used on the same property over the course of one year, and is permitted by right in any zoning district.  These shall include solar photovoltaic systems built and integrated into the primary structure or accessory to the structure.  

B. 	A major SEPGS shall be a SEPGS that does not meet the standards of a minor SEPGS and may be located in a current zoning district containing the letters of R, M or B upon the approval of a SEPGS Overlay District.



618.3 Site standards

A. 	Setbacks – A minor SEPGS not integrated into or placed onto a structure shall meet the setbacks for an accessory structure in the underlying zoning district.  A minor SEPGS that is integrated into a structure shall meet the setbacks required for the structure.  With respect to a major SEPGS, all structures and fencing associated with a major SEPGS shall meet a minimum front, rear, and side property line setback of 250 feet.  A major SEPGS shall also meet the buffer requirements set out in Section 618.3.E.  

B. 	Power transmission lines to any building, structure, or utility connection shall be, to the fullest extent possible, located underground.  Existing above ground utility lines shall be allowed to remain in the current location(s).  

C.	Height – A ground or pole mounted SEPGS shall not exceed twenty (20) feet in height as measured from grade at base of the racking and module structures to its highest point.   

D. 	Fence - A six (6) foot high fence shall be installed for all major SEPGS ground mounted systems to protect from damage and vandalism, prevent trespassing, and provide for safety and security.  No fencing is required for a minor SEPGS.

E.  Buffer - The entire perimeter of a major SEPGS shall be screened from the adjacent properties by a one hundred (100) foot wide buffer yard.  The buffer yard shall be a continuous vegetative screen buffer designed by a North Carolina licensed landscape architect or contractor and approved by the Zoning Administrator that provides a visual buffer of at least 80% opacity to a height of 10 feet within four (4) growing seasons the vegetation shall comply with Section 419 of the Stanly County Zoning Ordinance.  

F.  Landscaping – Areas around the solar panels should be planted in native grasses or in pollinator friendly habitat or a combination thereof.  The use of sheep or other grazing animals to maintain the landscape is encouraged.  

G.	Electrical – All electrical components and wiring must be Underwriter Laboratories (“UL”) certified, carry the UL trademark label, and meet National Electrical Code requirements.

H.	Dielectric coolants used in any power transformers, voltage regulators, sectionalizing switches, transformer rectifiers, electromagnets, and voltage supply circuits installed on the SEPGS shall be a fire resistant natural ester dielectric coolant specifically formulated from edible vegetable oils and food grade performance enhancing additives for use in distribution and power transformers. All dielectric coolants used at the site shall be free of petroleum, halogens, silicones, or any other materials not specified above.



618.4 Operation 

A. 	The major SEPGS owner shall be responsible for the operation and decommissioning of the facility.  

B. 	The owner of a major SEPGS shall keep and maintain adequate liability insurance for the facility and supply proof of effective liability insurance to the Stanly County Zoning Officer (hereinafter referred to as “Zoning Officer”) on an annual basis.  The owner of the major SEPGS shall minimally obtain Commercial general liability insurance of not less than $2,000,000 General Aggregate Limit (other than Premises and Products-Completed Operations), $2,000,000 Premises and Products-Completed Operations Aggregate Limit, $1,000,000 Personal and Advertising Injury Limit, $1,000,000 Each Occurrence Limit, and $100,000 Fire Damage Limit. For SEPGS that include battery storage the Fire Damage Limit shall be $500,000. All insurance companies must be licensed in North Carolina and be acceptable to Stanly County.  Insurance Policies shall be endorsed (1) to show Stanly County as additional insured, as their interests may appear and (2) to amend cancellation notice to 30 days, pursuant to North Carolina law.  Certificates of insurance shall be signed by a licensed North Carolina agent and be amended to show "thirty (30) days' notice of change or cancellation will be given to Stanly County by certified mail."  Failure of the County to demand such certificates or other evidence of full compliance with these insurance requirements or failure of the County to identify a deficiency from evidence provided shall not be construed as a waiver of the SEPGS owner’s obligation to maintain such insurance.

C.  An annual inspection shall be performed by the Zoning Officer or a designated 3rd party inspection firm to insure compliance with the requirements of this ordinance and an inspection fee shall be charged to the major SEPGS operator owner as set out in the official fee schedule approved by the Stanly County Board of Commissioners.  Any deficiencies noted shall be corrected upon receipt of notice from the Zoning Officer, either following the annual inspection or when the deficiency becomes known to the Zoning Officer or major SEPGS owner.

D.  The Stanly County Planning Department and the Stanly County Fire Marshal shall be notified prior to any addition or change to a major SEPGS, including a change in the type of panels, battery storage used, or cessation of power production for a continuous period of more than one month.  If no electricity is generated for a continuous period of 12 months, the major SEPGS owner is required to begin the decommissioning process in accordance with the SEPGS decommissioning plan submitted pursuant to Section 618.5, B., 5. below.

E.	Landscape buffers, ground cover, security fences, gates, and signage must be maintained in good condition until the major SEPGS is decommissioned, dismantled and removed from the site. Ground cover, grass, and other non-buffer vegetation shall be maintained and not exceed a height of 36 inches at any time except as required for management of pollinator-friendly vegetation.

F.	Failure to comply with the requirements of this section may result in civil penalties.



618.5 Approval Requirements for Major SEPGS	

A. A preliminary plan and proposal for a major SEPGS site must include the following in order to be considered for recommendation by the Planning Board and approval by the Board of County Commissioners: 

1. 	A narrative describing the proposed major SEPGS, including an overview of the project and the estimated megawatt output of the project. 

2. 	A plat of the property(ies) showing:

(a) The proposed location and dimension of solar panels, inverters, existing and proposed structures, fencing, property lines, turnout locations, ancillary equipment, transmission lines, construction staging and parking areas, vegetation and landscaping, waterways, streams, and flood zones, storm water drainage and sanitary sewer where applicable, buffer areas, name of project, size and location of signs and lighting, boundaries, the location of any residences within 300 feet of the perimeter of the facility, the zoning classifications and uses of adjacent parcels, and the acreage of the proposed major SEPGS.

(b) Any preexisting structures on the same lot and principal structures on other properties that would affect the placement of solar panels.

		(c) Proposed parking and access areas.

		(d) Location of any proposed access and utility easements.

(e) Location where wiring is to be brought together for inter-connection to the system components and/or the local utility power grid, and location of disconnect switch.

(f) Location of any proposed onsite battery storage systems/units.

(g) Location(s) and nameplate voltage of proposed transformer(s).

3. 	A copy of the lease agreement with each property owner and any access and utility easements. Lease agreements shall have a provision that describes how the agreement may be renewed. Identifying information, as defined in North Carolina General Statute §14-113.20(b), and proprietary information may be redacted.

4.	Evidence that the electrical utility provider has been informed of the major SEPGS owner’s intent to install an interconnected system.  Any customer-owned generator (off grid systems) shall be exempt from this requirement).

5.	Signature(s) on “Petition for Zoning Change” of the property owners, and the owners of the proposed major SEPGS, if different than the property owners.

6.	Material specifications showing horizontal and vertical (elevation) to scale drawings with dimensions of proposed solar collector panels, inverters and energy storage structures.

7.	Solar panels used in the project must be shown to be manufactured in their as-installed form to be free from any perfluoroalkyl substances (“PFAS”). This includes, but is not limited to, certification that no polytetrafluoroethylene (PTFE) films were applied to panels after their manufacture. The County may request proof of this provision at its discretion before, during, and after the installation of the photo-voltaic panels.

8. 	Documentation regarding the type and quantity of battery storage units and configurations, if onsite battery storage systems are to be used.  Any battery storage technology that contains PFAS must be noted in the application. If the project intends on using PFAS-containing battery storage technology, a containment plan and a separate decommissioning plan from the plan described below must be submitted for approval. If the battery decommissioning plan includes recycling as a method for disposition of the spent batteries, the name of the recycling facility permitted to accept PFAS-containing batteries must be provided. If the project does not intend to use PFAS-containing batteries, certification from the battery manufacturer must be provided stating that the batteries used do not contain PFAS.

9.	Fire Prevention and Emergency Response facilities shall be installed by the SEPGS owner and approved by the Stanly County Fire Marshal to include, at a minimum, the following:

(a) Confirmation that the fire department located in the same fire district as the major SEPGS has or will acquire equipment to contain and extinguish any fire at the major SEPGS. Any new equipment requested by the fire district shall be paid for by the major SEPGS owner.

(b) Sufficient fire hydrants, ponds or other water sources approved by the County Fire Marshal, to be installed by and at the sole expense of the major SEPGS owner. The major SEPGS owner shall ensure all hydrants, if any, are connected to a water supply and that the capacity of the water delivered to each hydrant meets all applicable fire code standards and the water supply is deemed reliable by the County Fire Marshal.

(c) Chemical fire suppressants shall be located and properly stored at each battery storage area and transformer as directed by the County Fire Marshal.

(d) An Emergency Response Plan consistent with all applicable Federal Emergency Management Agency guidelines shall be prepared by the major SEPGS owner and approved by the County Fire Marshal.  

10.	A Phase 1 Environmental Site Assessment prepared by a duly licensed professional in the State of North Carolina.

11. 	Other relevant studies, reports, certifications, information, documents and approvals as may be reasonably requested by the County to ensure compliance with this ordinance. Recognizing the unique environmental challenges of major SEPGS, studies that may be required under this paragraph may include but are not limited to the following:

	(a) Field surveys for all State or Federal listed species that are protected under State or Federal Law;

	(b) Geologic reports mapping and describing geological resources such as bedrock outcrops, groundwater recharge zones, seeps, springs and general characterization of groundwater resources;

	(c) Surface water resources including wetlands;

	(d) Site specific soil surveys to include information on prime farmland soils as classified by the USDA Natural Resources Conservation Service, hydric soils and hydric components of non-hydric soil series, soil erodibility, agricultural suitability and site index for growing timber;

	(e) Environmental constraints analysis;

	(f) Other studies of the project site, receiving waters, and adjacent or nearby natural and environmental resources as may be requested by any County agency.

B. Certificate of Zoning Compliance and Expiration

1.  Following approval of a SEPGS Overlay District by the Board of County Commissioners, the SEPGS owner will need to acquire a Certificate of Zoning Compliance by submitting the Preliminary Plan or a plan with any updates and revisions which meet the requirements of the ordinance currently in effect to the Planning Department. 

2.  Based on NCGS 160D-108, the application for a Certificate of Zoning Compliance with a site specific preliminary plan will be valid for a period of three (3) years from the date of application. If no substantial commencement of work has occurred during this time, the Certificate of Zoning Compliance will expire.  Subsequent evidence of work on the project will be required within one year and each year thereafter following the initial evidence of work review and approval.

 C.  Final Site Plans, written, drawn and stamped by a North Carolina licensed Surveyor and a North Carolina licensed Engineer, shall be submitted to the Zoning Officer and approved by the Zoning Officer prior to the major SEPGS becoming operational and shall include the following:

1. 	A narrative describing the major SEPGS, including an overview of the project and the actual megawatt output of the project.

2. 	A plat of the property(ies) showing:

(a) The location and dimension of solar panels, inverters, all structures, fencing, property lines, turnout locations, ancillary equipment, transmission lines, construction staging and parking areas, vegetation and landscaping, waterways, streams, and flood zones, storm water drainage and sanitary sewer where applicable, buffer areas, name of project, size and location of signs and lighting,  boundaries, the location of any residences within 300 feet of the perimeter of the facility, the zoning classifications and uses of adjacent parcels, and the acreage of the major SEPGS.

(b) Any preexisting structures on the same lot and principal structures on other properties that would affect the placement of solar panels.

		(c) Parking and access areas.

		(d) Location of any access and utility easements.

		(e) Location where wiring is brought together for inter-connection to the system 

		components and/or the local utility power grid, and location of disconnect switch.

		(f) Location of any onsite battery storage systems/units. 

(g) Location(s) and nameplate voltage of proposed transformer(s).

3. 	A copy of the lease agreements with each property owner and any access and utility easements.  Lease agreements shall have a provision that describes how the agreement may be renewed.  Identifying information, as defined in North Carolina General Statute §14-113.20(b), and proprietary information may be redacted.

4.	Evidence that the electrical utility provider has established an agreement/contract with the major SEPGS owner to install an interconnected system.  Any customer-owned generator (off grid systems) shall be exempt from this requirement).

5. 	A decommissioning plan shall be prepared by a North Carolina licensed third party professional engineer and shall include terms/provisions that state or include the following minimum requirements:

(a) an estimated cost of decommissioning, as described in Section 618.5, B., 17. below;

(b) if the facility does not generate electricity for 12 consecutive months, decommissioning shall be initiated no later than the first calendar day following the 12 consecutive months of non-generation;

	(c) decommissioning shall be totally completed no later than twelve (12) months after the date decommissioning is initiated in accordance with Section 618.5, B., 5., (b) above;

	(d) additional conditions upon which decommissioning will be initiated; said additional conditions must include but shall not be limited to abandonment of the project and expiration/termination of the land lease(s);

(e) decommissioning shall be totally completed no later than twelve (12) months after the date of occurrence of abandonment of the project, expiration/termination of the land lease(s), or any additional condition upon which decommissioning is to be initiated as specified in the decommissioning plan;

(f) all non-utility owned equipment, conduits, structures and foundations to a depth of at least three feet below grade shall be removed;

	(g) the property shall be restored to a condition reasonably comparable to that which existed prior to development of the major SEPGS including the replacement of topsoil removed or eroded; 

(h) all graveled areas, fences and access roads shall be removed unless an agreement is presented, in writing, in which the property owner(s) agrees for this to remain.

(i) revegetate any cleared or damaged areas with warm season grasses native to the Piedmont region of North Carolina, unless landowner requests in writing not to revegetate due to plans to produce agricultural crops; 

(j) the owner of the major SEPGS is responsible for the decommissioning;

(k) the owner(s) of the property and the owner of the major SEPGS shall sign off on/acknowledge the decommissioning plan; 

(l) prior to issuance of the building permit, the decommissioning plan shall be recorded by the major SEPGS owner in the Stanly County Registry of Deeds.

6. 	Material specification showing horizontal and vertical (elevation) to scale drawings with dimensions of solar collector panels, inverters, and energy storage structures.  

7.	Solar panels used in the project must be shown to be manufactured in their as-installed form to be free from any perfluoroalkyl substances (“PFAS”). This includes, but is not limited to, certification that no polytetrafluoroethylene (PTFE) films were applied to panels after their manufacture. The County may request proof of this provision at its discretion before, during, and after the installation of the photo-voltaic panels.

8. 	Documentation regarding the type and quantity of battery storage units and configurations, if onsite battery storage systems are to be used. Any battery storage technology that contains PFAS must be noted in the application. If the project intends on using PFAS-containing battery storage technology, a containment plan and a separate decommissioning plan from the plan described below must be submitted for approval. If the battery decommissioning plan includes recycling as a method for disposition of the spent batteries, the name of the recycling facility permitted to accept PFAS-containing batteries must be provided. If the project does not intend to use PFAS-containing batteries, certification from the battery manufacturer must be provided

stating that the batteries used do not contain PFAS.

9.	An erosion and sedimentation control plan shall be prepared by a North Carolina licensed engineer and shall meet the storm water requirements of the NC Department of Environmental Quality (“NCDEQ”) and shall provide for ongoing monitoring of storm water runoff.  

10. 	A site maintenance plan shall be provided that specifies the scheduled maintenance of the property (trimming of vegetation, routine maintenance of equipment, etc.).

11. 	A certificate or proof of liability insurance adequate to cover the cost of repairs to the major SEPGS and any damage to adjacent properties caused by failure of the system or natural disasters. The owner of the major SEPGS shall minimally obtain Commercial general liability insurance of not less than $2,000,000 General Aggregate Limit (other than Premises and Products-Completed Operations), $2,000,000 Premises and Products-Completed Operations Aggregate Limit, $1,000,000 Personal and Advertising Injury Limit, $1,000,000 Each Occurrence Limit, and $100,000 Fire Damage Limit. For SEPGS that include battery storage the Fire Damage Limit shall be $500,000. All insurance companies must be licensed in North Carolina and be acceptable to Stanly County.  Insurance Policies shall be endorsed (1) to show Stanly County as additional insured, as their interests may appear and (2) to amend cancellation notice to 30 days, pursuant to North Carolina law.  Certificates of insurance shall be signed by a licensed North Carolina agent and be amended to show "thirty (30) days' notice of change or cancellation will be given to Stanly County by certified mail."  Failure of the County to demand such certificates or other evidence of full compliance with these insurance requirements or failure of the County to identify a deficiency from evidence provided shall not be construed as a waiver of the SEPGS owner’s obligation to maintain such insurance.

12.	Standard drawings of the solar collection system components.

13.	Security fencing, a minimum of six (6) feet in height, shall be provided along the entire perimeter of the major SEPGS.

14. 	Installation of the required buffer vegetation or a bond established for installation of the buffer in order to plant in an appropriate season.

15. 	Outside lighting shall be shielded to prevent glare to surrounding properties and to direct light onto the major SEPGS’s premises, and shall be of sufficient intensity to ensure security to the major SEPGS’s premises.

16.	In case of emergencies, a sign stating the major SEPGS’s owner’s contact information including name, address and phone number shall be located at the entrance of the major SEPGS.  Typical warning signs at the entrance shall also be required.  

17.	A letter of certification from a North Carolina licensed engineer indicating that inverter noise shall not exceed the lower of 3dBA Leq (1 HR) above preconstruction background or 40 Leq (1 HR) dBA, measured at any property line during output that exceeds 95% of rated capacity from the facility.

18.	A North Carolina licensed engineer or professional geologist shall be contracted by Stanly County whose fees and costs shall be reimbursed to the County by the owner of the major SEPGS to do the following: (1) develop and implement a groundwater monitoring program for constituents of concern which shall  include but not be limited to Sr, Li, Ni, Ba, Se, nitrates, and perfluoroalkyl substances, and any other constituents recommended by state or Federal law  (2) to establish through testing  baseline levels for constituents of concern, and (3) to oversee mandatory monitoring to be done at least quarterly  in locations to be determined by the independent third party engineer or geologist and consistent with the baseline levels determined in (2).  

The results from testing required by the groundwater monitoring program shall be provided to the County no later than 30 days after sample analysis by an independent certified laboratory.   If testing determines that constituents of concern attributable to the construction or operation of the project have increased above governmental established standards for public health and safety, the major SEPGS owner will be responsible for remediation and mitigation of such constituents of concern as required by the governmental agency exercising jurisdiction over the project. Groundwater monitoring shall continue for a period of at least two years after decommissioning and reclamation have been completed at the SEPGS. Decommissioning of the SEPGS shall include groundwater monitoring wells as required by state law.

19.	The owner of the major SEPGS is required to establish and maintain a financial assurance in favor of the County for the decommissioning of the major SEPGS as outlined in Section 618.5.B.5. above in the form of certified funds, cash escrow, bond from a financial institution acceptable to the County, or irrevocable letter of credit in an amount at least equal to the greater of (1) $106,000 per installed (nameplate) MW or (2) one hundred fifty percent (150%) of the estimated cost of decommissioning  the major SEPGS as prepared by a professional third-party engineer licensed in North Carolina with experience in preparing decommissioning estimates.  This engineer shall be selected by Stanly County, and the cost of creating the decommissioning analysis shall be reimbursed to the County by the major SEPGS owner.  Such estimated cost shall equal the total projected cost of decommissioning plus at least a ten percent (10%) allowance for estimated administrative costs related to a default of the major SEPGS owner and at least a three percent (3%) annual inflation factor.   Said financial assurance shall ensure that sufficient funds are available for decommissioning the facility and reclamation of the property to its condition prior to commencement of activities on the site, even if the owner of the major SEPGS becomes insolvent or ceases to reside in, be incorporated in, do business, or maintain assets in North Carolina.  Said financial assurance must be provided to the County prior to the issuance of any permits for the construction and installation of a major SEPGS.  Should the major SEPGS owner elect to use a bond, it must renew automatically, and be from a company on the U.S. Department of Treasury’s Listing of Certified Companies. Should the major SEPGS owner elect to use an irrevocable letter of credit, it must be for the entire estimated life of the major SEPGS and be issued by a federally chartered bank with a branch in Stanly County in favor of Stanly County.  The institution issuing the guarantee shall provide to the County a notice no less than 90 days in advance of any renewal, cancellation, termination or expiration of the guarantee.  The bond or other guarantee shall be held by Stanly County or in escrow with a financial institution designated as an official depository of the County and shall remain in full force and effect until any necessary site restoration is completed to restore the site to a condition reasonably comparable to that which existed prior to the creation of the SEPGS Overlay District. In the event the major SEPGS owner fails to properly decommission the major SEPGS pursuant to the requirements of this ordinance, the proceeds from the bond or other guarantee shall be used by the County to decommission the major SEPGS.

20.	Five (5) years after the major SEPGS is activated and every fifth (5th) year interval thereafter, or upon change of ownership of either the property or the major SEPGS, a review of the decommissioning plan and a cost analysis shall be updated by a North Carolina licensed engineer in accordance with the procedure provided in Section 618.5, B., 18. above and the amount of the financial assurance held by the County shall be adjusted to the greater of (1)  the inflation adjusted value of $106,000 per installed (nameplate) MW or (2) 150% of the updated cost of decommissioning .  Any changes or updates to the decommissioning plan shall be recorded with the Stanly County Registry of Deeds.  

21.	Failure to comply with any requirement in subsections 618.5, B., 18. and 618.5, B., 19. shall result in the immediate termination and revocation of all prior approvals and permits; further, the County shall be entitled to make immediate demand upon, and/or retain any proceeds of, the surety, which shall be used for the decommissioning and/or removal of the major SEPGS, even if still operational.

22. 	Other relevant studies, reports, certifications, information, documents and approvals as may be reasonably requested by the County to ensure compliance with this ordinance.



618.6 Decommissioning

If the facility does not generate electricity for 12 consecutive months, decommissioning shall be initiated no later than the first calendar day following the 12 consecutive months of non-generation, and such decommissioning shall be totally completed no later than twelve (12) months after the date decommissioning is initiated. If the facility is abandoned or if the land lease(s) expire/terminate, decommissioning shall be totally completed no later than twelve (12) months after the date of abandonment or date of expiration/termination of the land lease(s).  The major SEPGS owner shall be responsible for proper decommissioning of the project upon cessation of activities and reclamation of the property to its condition prior to commencement of activities on the site, including all costs associated therewith, in accordance with the schedules set out above. At a minimum, a major SEPGS owner shall take all of the following steps in decommissioning a project: 

(1) Disconnect the solar project from the power grid. 

(2) Remove all non-utility owned equipment, including panels, conduits, structures and foundations to a depth of at least three feet below grade, and collect and dispose of in a manner consistent with State and Federal law.   

(3) Remove all graveled areas, fences and access roads unless an agreement is presented, in writing, in which the property owner(s) agrees for these to remain.

(4) Restore the property to a condition reasonably comparable to that which existed prior to development of the major SEPGS, including restoration of land surface to approximate original contour, the replacement of topsoil removed or eroded and the revegetating of any cleared or damaged areas with a mixture of trees, shrubs, warm season grasses, herbs and legumes native to the Piedmont region of North Carolina, unless landowner requests in writing not to revegetate due to plans to produce agricultural crops. 

(5) Upon completion of decommissioning and reclamation activities the site shall be inspected by third-party professional engineer licensed in North Carolina with experience in the decommissioning of SEPGS sites.  This engineer shall be selected by Stanly County, and the cost of creating the decommissioning analysis shall be reimbursed to the County by the major SEPGS owner. No financial assurances shall be released by the County until the engineer has certified that all decommissioning actions have been completed as described in the plans submitted pursuant to Section 618.5.B.5. and in accordance with all State and Federal law in force at the time of decommissioning.   

(6) Post-decommissioning monitoring of the SEPGS site shall be conducted by third-party environmental consultant with experience in the restoration of drastically disturbed sites.  This environmental consultant shall be selected by Stanly County, and the cost of monitoring the decommissioned site shall be reimbursed to the County by the major SEPGS owner. Monitoring shall be conducted for a period of at least three (3) years after decommissioning and shall include, but not be limited to, groundwater as provided in Section 618.5.B.18, vegetation health, density and vigor, and overall landscape stability.  No financial assurances shall be released by the County until the environmental consultant has certified that all reclamation actions have been completed as described in the plans submitted pursuant to Section 618.5.B.5. and in accordance with all State and Federal law in force at the time of decommissioning.   
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To investigate the after end-of-life concerns of solar panels, four commercially available photovoltaics
(reduced to 15x15 cm? size) in broken and unbroken conditions were exposed to three synthetic solu-
tions of pH 4, 7, 10 and one real municipal solid waste landfill leachate for one year. Metals leaching,
encapsulant degradation and release, probability of leached metals exceeding their surface water limits,
and change in pollution index of leachate after dumping of solar panels were investigated. Rainwater
simulating solution was found to be predominant for metal release from silicon-based photovoltaics,

gﬁjc'l‘ivsfr_‘ljisf:e with silver, lead and chromium being released up to 683.26 mg/L (26.9%), 23.37 mg/L (17.6%), and
Solar panel 14.96 mg/L (13.05%), respectively. Copper indium gallium (de) selenide (CIGS) photovoltaic was found

to be least vulnerable in various conditions with negligible release of indium, molybdenum, selenium
and gallium with values ranging between 0.2 and 1mg/L (0.30%-0.74%). In contrast, minimal metals were
released in real landfill leachate compared to other leaching solutions for all photovoltaics. Positive cor-
relation was observed between encapsulant release and metal dissolution with a maximum encapsulant
release in silicon-based photovoltaics in rainwater conditions. The calcualtion of values of probability of
exceedance of leached metals to their respective surface water limits for aluminium (multi- and mono-
crystalline-silicon), silver (amorphous photovoltaic) and indium (CIGS) indicated maximum value to be
92.31%. The regression analysis indicated that conditions of the modules and pH of the leaching solution
play significant roles in the metal leaching. The increase in leachate contamination potential after one-
year of photovoltaics dumping was found to be 12.02%, 10.90%, 15.26%, 54.19% for amorphous, CIGS,
mono and multi crystalline-silicon photovoltaics, respectively. Overall, the maximum metal release
observed in the present study is 30% of the initial amount under the most stressful conditions, which sug-
gests that short-term leaching studies with millimeter sized sample pieces do not represent the realistic
dumping scenarios.

Photovoltaic
Metal leaching
MSW landfill leachate

© 2020 Elsevier Ltd. All rights reserved.

1. Introduction mium, chromium, lead, silver, selenium and tellurium) that require

recycling and EoL management to recover rare valuable metals and

In the recent years, solar photovoltaic (PV) industry has grown
tremendously among all the renewable energy sectors because of
declining cost of manufacturing materials and increasing energy
demand. This promising technology raises the concern of unin-
tended outcome of the huge going-to-be generated end-of-life
(EoL) solar PV waste stream once their operational life ends
(Mahmoudi et al.,, 2019). The working life of a solar panel is
approximately 25 to 30 years suggesting the generation of enor-
mous waste in next few years which could have potential to
impact environment and human health (Nain and Kumar. 2020).
Solar panels consist of both precious and carcinogenic metals (cad-
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https://doi.org/10.1016/j.wasman.2020.07.004
0956-053X/© 2020 Elsevier Ltd. All rights reserved.

prevent environmental pollution (Sica et al., 2018). Despite the
usage of hazardous metals in solar panels, there is limited litera-
ture available on (i) their impacts on environment and fate in real-
istic environmental settings (i.e., landfill conditions) (Cyrs et al.,
2014), and (ii) potential risks towards environment and human
health (Mahmoudi et al., 2019). In specific, there is potential for
metal release and environmental contamination on dumping of
EoL solar panels (Brown et al., 2018).

At present, China and India have the highest installed solar PV
capacity, while regulations for managing EoL waste and recycling
are still non-existent there (Ding et al., 2016) and PV waste han-
dling comes under e-waste guidelines mostly (Komoto, 2016).
Developed countries, such as Germany has revised waste electrical
and electronic equipment’s regulations incorporating obligations



http://crossmark.crossref.org/dialog/?doi=10.1016/j.wasman.2020.07.004&domain=pdf

https://doi.org/10.1016/j.wasman.2020.07.004

mailto:arunku@civil.iitd.ac.in

https://doi.org/10.1016/j.wasman.2020.07.004

http://www.sciencedirect.com/science/journal/0956053X

http://www.elsevier.com/locate/wasman



352 P. Nain, A. Kumar/Waste Management 114 (2020) 351-361

on producers for EoL solar waste treatment. Japan’s environment
ministry require manufacturers to participate in recycling along
with venturing with Hamada company. American solar company,
First Solar has setup recycling facilities in United States, Germany
and Malaysia (Xu et al., 2018). The details on regulations can be
obtained from various published studies (Jia and Fang, 2016;
Wild-Scholten et al., 2005). Detailed PV leaching studies under
realistic landfill conditions are crucial to understand the metal dis-
solution from this waste stream. The present aggressive and short-
period standard waste characterization tests (i.e., Waste extraction
tests, WET and Toxicity characterization leaching procedure, TCLP)
investigated in previous studies (Brown et al., 2018; Collins and
Anctil, 2017) might not represent accurately the complex reaction
and conditions prevalent in a real landfill. Microbial processes can
impact the fate of PVs in municipal solid waste (MSW) landfills as
they can do biotransformation and biomagnification of nano-
metallic species (Liu et al., 2015).

Commercial available photovoltaics can be classified into crys-
talline silicon (c-Si) and thin-films. The former has the advantage
of high efficiency while the latter are more flexible and cost-
effective. Both technologies are safe during the use, as all the met-
als are well encapsulated providing protection against moisture
(Rebecca Brun et al., 2016). Most of the solar PV studies in litera-
ture focused on recycling and efficiency aspect of PVs (Gangwar
et al., 2019; Deng et al., 2019). However, after operational life,
these panels could be dumped in open environment resulting in
prolonged exposure to water. A recent study investigated the prob-
ability of material release from EoL solar PVs on the basis of survey
of stakeholders of PV industry (Nain and Kumar, 2020). With
respect to amorphous-Si (a-Si) studies, limited literature is avail-
able probably due to less amount of semiconductor material and
small market share (Savvilotidou et al.,, 2017; Tammaro et al.,
2016; Zeng et al., 2015). Crystalline-Si modules have lower poten-
tial to release materials compared to thin-film modules (Tammaro
et al., 2016). Thin-films PVs are evolving rapidly and entering into
market due to recent advancements in nanomaterial- based quan-
tum dots (Brown et al., 2018). Further, more rare and valuable met-
als like gallium, indium and silver are used in thin-film PVs, and
thus, detailed investigation is required in order to understand their
leaching behaviour.

In low-pH condition, more than 15% of lead can be released
from c-Si PVs in 56 days (Zapf-Gottwick et al., 2015). In similar
conditions, high concentrations of cadmium, molybdenum and
selenium are reported to be released from copper indium gallium
(de) selenide (CIGS) PVs (Zimmermann et al., 2013). Ramos-Ruiz
et al. (2017) reported the 73% of cadmium and 21% of tellurium
release in column simulating acidic landfill conditions. Chakankar
et al. (2019) investigated the use of microorganisms for metals
recovery from spent PVs and recovered Al up to 89% and Te up
to 100%. Further, the most comprehensive work done so far was
by Nover et al. (2017), who reported the release of 1.4% of lead
from 5x5 cm? c-Si panel pieces and 62% of cadmium from cad-
mium telluride (CdTe) pieces in low pH conditions after 360 days.
Whereas the present study employs bigger size module pieces
treated with real MSW landfill leachate in order to investigate
the contamination potential of solar PV waste under landfill
conditions.

To address any concerns related to EoL disposal of solar PVs, this
study investigated the magnitude of heavy metal leaching from
existing PV technologies for one year in three different synthetic
water-based leaching solutions and one real MSW landfill leachate.
Previous short-term leaching studies carried out in the past inves-
tigated the stability of PV modules and metal leaching behaviour in
extremely harsh conditions (Zapf-Gottwick et al., 2015; Rebecca
Brun et al., 2016), which are by no means representative of field
conditions. Also, in contrast to previous studies, the present study

investigated the fate of second generation thin-film modules in
realistic environmental conditions, i.e., without shaking, uncon-
trolled temperature, and large size panel fragments, and real
MSW leachate, which is essential considering the utilisation of
valuable metals along with few toxic elements (Tammaro et al.,
2016). Encapsulant degradation and release was quantified in
order to understand its effect on metal leaching mechanism. Lea-
ched metal values were compared with surface water regulatory
limits to examine the potential concerns towards environmental
contamination. Overall, the findings will provide a comprehensive
understanding on (i) the fate of two solar PVs generation in simu-
lated solutions and real municipal landfill leachate, and further, (ii)
pollution potential after their disposal in terms of leachate pollu-
tion index (LPI).

2. Materials and methods

The overview of methodology followed in the present study is
shown in Fig. 1.

2.1. Sample preparation and metal content determination

Four commercially available solar panels were purchased:
Mono-crystalline silicon (Mono-Si), Multi-crystalline silicon
(Multi-Si), Amorphous PV (a-Si) and CIGS (New Delhi, India) (spec-
ifications are shown in Table S1). The layered structure of a typical
c-Si PV consists of following components (mass %): frame (16.9%),
cover glass (67.8%), anti-reflective coating (<1%), encapsulant
(3.4%), front contact (0.4%), absorber (6.1%), back contact (0.4%),
encapsulant (3.4%), backsheet (0.8%) and junction box (Mani
et al., 2020). Further, the detailed descriptions about various layers
and compositions of PVs can be found in literature (Lasnier, 2017).
Panels have been primarily dismantled manually by removing
embedded cables and junction-box (whenever present). Further,
outer aluminium frames were removed considering the easily
recyclability of frames and supporting structure at present, thus,
assuming that panels will be dumped without frames (Garcia-
Valverde et al., 2009). The purchased solar panels with size from
30x30 cm? to 167x60 cm? were reduced to 15x15 cm? pieces
using metal sheet cutting machine and glass cutter. In order to
simulate realistic leaching scenario, actual panels with all the lay-
ers, i.e., including glass and encapsulation layer were used.

For total metal content determination, the 15x15 cm? size
pieces were reduced to 1-2 cm? in size using micro-shear wire cut-
ter, which was further reduced manually to mm size using cast
iron mortar-pestle and stainless steel mixer-grinder for achieving
homogenised samples. The resulted samples were then sieved
manually using a standard 1 mm ASTM sieve, and the fragments
that passed through were used for metal analysis. For heavy metal
analysis, standard method APHA (2010) was adopted (Federation,
2005). The digested samples were then cooled down to room tem-
perature; filtered with <0.22 um Millipore filter papers after dilu-
tion and analysed with ICP-MS (Agilent 7900). All analyses for
leached metals were conducted in triplicates.

2.2. Leaching solutions

Four different leaching solutions were used: Rainwater, RW (pH
4); Groundwater, GW (pH7); Sea water, SW (pH10); MSW landfill
leachate, ML (pH 7.6). Leaching solutions were first prepared and
stored overnight in serum bottles with screw caps to make sure
that they reached equilibrium before use. The RW, GW, SW leach-
ing solutions (chemical composition information is given in
Table S2) were made using Milli-Q water except ML (leachate col-
lection and characterisation information is given in SI) which was a
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Fig. 1. Overview of methodology for present study.

real leachate taken from Okhla landfill in Tughlakabad, New Delhi,
India.

2.3. One-year leaching experiment

All leaching experiments were carried out in closed borosil glass
trays (40.4x25.7x6.1 cm?) with leaching solution of 2000 ml and
one 15x15 cm? module piece without agitation at room tempera-
ture. The solid- to- liquid ratios (PV sample: leaching solution) for
a-PV, mono-Si, multi-Si and CIGS samples used were approxi-
mately 1:13, 1:11, 1:11 and 1:3, respectively. Two sets of experi-
mental setups were used:

i. The first setup include broken pieces. These pieces were pre-
pared by applying impact on the front glass surface to
induce breakage that would most likely take place when
modules are dumped into landfill. This condition was used
to simulate the scenario of dumping of broken panels due
to breakage during transportation, installation or operation.
The impact was given by a fixed pressure of 250kN using an
impact machine.

ii. The second setup includes the intact PV pieces without any
glass cracking. This condition was used to simulate the sce-
nario of direct dumping of PV panels in the environment
after completion of their operational life. For the CIGS mod-
ules, only second condition was used as breakage was not
possible due to absence of glass and the module being the
flexible panel. The glass and waterjet cutter were used for
cutting the modules for definite shape and sharp edges with-
out any glass breakage.

Monthly samples of 50 ml were withdrawn for metal and car-
bon release analysis. To keep the leaching solution’s initial volume
constant at 2000 ml, volume was corrected with respective solu-
tion after each sampling. These corrections were included during
data analysis which considers the leached metal and carbon con-
tent loss in the solution due to sampling. For quantifying the bind-
ing agent (i.e., encapsulant or ethylene vinyl acetate, EVA) release,

which is mainly formed of carbon, monthly samples were analysed
for total carbon release using total organic carbon (TOC) analyser.
The experiment was performed without agitation to simulate real-
istic dumping scenarios conditions prevailing in an actual landfill.

2.4. Solar PV waste-associated LPI

In order to examine the change in existing pollution potential of
a matrix if dumped with solar PVs, the solar PV waste-associated
leachate pollution index (SPW-LPI) is calculated. LPI represents
the contamination potential of a landfill leachate with summariz-
ing the complex leachate pollution data and, thus, facilitating its
communication to general public, field professionals and policy
makers (Kumar & Allapat, 2004). In the present study, LPI values
for two leaching solutions, ML (real MSW leachate) and RW (rain-
water) were calculated before (LPI) and after 12 months of solar
panels dumping (LPI') as per Kumar and Alappat (2005) (Equation
(1)). Further, the change in the leachate pollution potential was
calculated as ALPI = LPI'-LPI. Out of 18 parameters used for the cal-
culation of LPI, phenolic compounds and cyanide were not
considered.

Zt] Wipi
SPW — LPl = &==—— 1
YW M

where, LPI: weighted additive leachate pollution index, w;: weight
for the i™ pollutant variable, p;: sub index score of the i leachate
pollutant variable, m: number of leachate pollutant variables used
in calculating LPI 3", w; = 1. If m < 18, then> ", w; < 1.

2.5. Mathematical methods

Analysis of variance (ANOVA) for various output parameters
was conducted using Minitab version 18 software (Windows 10)
and significance value was tested for a 95% confidence level test
(i.e., o = 0.05). t-tests were conducted using Minitab 18, to see if
mean values of two different samples differ statistically.
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The fittings of linear, exponential and sigmoidal models were
investigated, and sigmoidal model was found to be the best fit
empirically for maximum cases:

- 0= Ymax
V() = Yimax + [] . (?),(]m (2)

concentration of dissolved element over time, y(t) [mg/L]; maximal
leached element concentration, yma.x [mg/L]; minimal leached
concentration, a [mg/L]; hill slope, K [d']; inflection point i,
[(Ymax-a)/2]; asymmetrical factor, m. ymax iS constrained by
maximum element concentration leached after one year. The rate
constants (Kq) of models with coefficient of correlation, R>>0.95
are only considered.

In addition, probability of exceedance (PoE, %) of leached metals
to their respective standard surface water concentration values is
calculated as per Equation (3):

PoE(%) = ('}'V;Iim> x 100 3)

where, N: total number of observations (N = 12); Ry,: the rank of
metal value exceeding the limit when arranged in ascending order.

3. Results and discussion
3.1. Metal dissolution as a function of time

In the past, most of the leaching and recycling studies have been
mostly done for crystalline (mono- and multi-Si) solar PVs
(Gangwar et al., 2019; Nain and Kumar, 2019) and thus, knowledge
gap exists for studies focusing on a-Si modules. The initial metal
concentrations of four PVs are summarized in Table S1 which
shows that all PVs consist of general elements and few rare ele-
ments like In and Te. Precious metal, Ag was found to be present
in high concentration in amorphous PV. Elemental content analysis
shows that all the selected heavy metals except Hg and Ti were
found to be present in the studied PVs. Further, As, In and Cd were
found to be present in low amounts in silicon PV as compared to
CIGS.

Amorphous thin-film modules do not contain much hazardous
metals, however, small amounts of Pb is used in active layer for
electrical connections. The absolute metal concentrations released
from a-Si PVs in four leaching solutions (primary y-axis) along with
the percent of eluted metal with respect to initial mass after
365 days (secondary y-axis) are shown in Fig. 2. It also includes
the best- fitted model (i.e., sigmoidal mode) (Table S3). Metals with
environmental relevance and high leachability are discussed here
and the information about the remaining leached metals are pre-
sented in the Table S4. With respect to initial content of metals
of a-Si PV, Ag leached maximum with 683.26 mg/L (26.9%) fol-
lowed by Pb, 23.37 mg/L (17.6%); Cu, 483.24 mg/L (13.7%) and least
by Cr, 14.96 mg/L (13.05%). In terms of mg per gm of PV, stated
metals leached 5.0, 3.6, 0.174 and 0.112 respectively. Initially,
the leaching rates of Pb and Ag were found to be almost same,
though, with increase in time, extent of leaching was found to be
higher in RW than in ML. However, extent of leaching gradually
diminished in the last three months of study. In RW after 365 days,
the maximum Pb release from broken panel reached approxi-
mately 17.6% whereas the maximum Pb release for unbroken panel
reached 12.5%. It can be seen from Figure S1 that there is visible
metal layer dissolution happened at the corner of an amorphous-
PV after 12 months of exposure to RW. Semiconductor film was
found to be highly dissolved from the extremely dissected sections
than from the intact corner which was undisturbed during the cut-
ting process. In case of GW conditions, the amounts of leached Pb
were found to be 12.9% and 3.05% for broken and unbroken a-Si PV,
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Fig. 2. Amorphous photovoltaics one year leaching kinetics for lead, silver, copper,
and chromium into RW, pH 4 (square); GW, pH7 (daimond); SW, pH10 (circle) and
ML, MSW leachate (triangle); Two modules conditions: Broken, B (unfilled symbols and
dashed lines) and UBroken, UB (filled symbols and solid lines).

respectively. ANOVA analysis for Pb leaching indicated that mod-
ule condition (i.e., broken or unbroken) and leaching solution type
(i.e., RW, GW, SW, ML) had significant effects on metal dissolution
rate constant (p <0.05). However, the p-value for factor (interaction
of module condition*leaching solution type) was found to be>0.05
(Pb: 0.128; Ag: 0.683; Cu: 0.673) suggesting the insignificant effect
of interaction of module condition and leaching solution type on
metal release. For Ag, Cu and Cr, the solution type was found to
affect the metal dissolution significantly whereas the p-value for
module condition was found to be greater than 0.05, showing
insignificant effect on metal release. In RW-broken conditions,
other metals-of-concern such as As and Cd showed maximum
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release of 0.003 mg/L (1%) and 0.001 mg/L (0.125%) respectively
(Table S4). Ga and In were not detected in all the leaching scenarios
after one-year, whereas Se and Zn showed release of 0.02 mg/L
(1.25%) and 0.194 mg/L (2.84%), respectively.

Metal releases in SW and ML conditions were found to be min-
imal (<1%), which is in accordance with previous studies reporting
decrease in leaching rate with an increase in pH of leaching solution
(Zapf-Gottwick et al., 2015). Alkaline behaviour facilitates the sur-
face adsorption and solids formation with major minerals and
therefore, reducing the release of anions (Cornelis et al., 2008). Also,
high pH favours pozzolanic reaction that results in formation of
lead silicate and consequently no observed release of lead (Moon
and Dermatas, 2006). Though, the pH of leachate is sub-neutral
(7.5-7.8), the high background concentrations of metals, organic
or inorganic compounds and dissolved solids in leachate have been
reported to affect metal dissolution (Karnchanawong and
Limpiteeprakan, 2009). Cr released from a-Si PV after 7 months of
leaching was found to be 2.45 mg/L (2.13%). Cr concentration was
found to exceed the Indian Standard Waste (ISW) disposal thresh-
old (2 mg/L), and the WHO DW limit (0.05 mg/L) after the 60 days
of leaching period (Organisation, 2008). After 365 days, the Cr
release was found to be 14.96 mg/L (13.05%, broken-RW) and
11.04 mg/L (9.63%, broken-GW) whereas negligible Cr release
(<1%) was obtained in SW and ML conditions. It might be due to
high content of Ca (296 pg/gm of PV) which can form Ca-Cr'"! com-
pounds in alkaline system and thus, reduces the solubility of Cr
regardless of its amphoteric behaviour (Glasser, 1997). The maxi-
mum eluted Ag from a-Si was found to be higher in broken-RW
683.26 mg/L (26.9%) than minimum value of 84.69 mg/L (3.34%)
in unbroken-ML. The results obtained in this work are well consis-
tent with findings of previous leaching studies on a-PV. For exam-
ple, Cu in this study leached up to ~ 14%, which was found to be
similar to the values reported by Nover et al. (2017).

Being the second-generation PV, CIGS requires less semiconduc-
tor material and lately, various studies have investigated the
effects of different solutions on the their degradation
(Zimmermann et al., 2013; Rebecca Brun et al., 2016). For the CIGS
modules, among all metals, maximum amount of leaching was
observed for Cu metal (328.55 mg/L; 8.04%) at pH7 conditions
(Figure S2). Similar to the results of Zimmermann et al. (2013)
study, Se and Ga exhibited the least amount of leaching with con-
centrations ranged between 0.2 and 1 mg/L (0.30% — 0.74%), while
the other elements exhibited high concentrations. Neutral pH
enhanced the release of soluble Ga and Se species. At pH 7, the
measured concentrations of Ga and Se at the end of one year were
observed to be 165.8 pg/L (0.28%) and 895.6 pg/L (0.74%), respec-
tively. These concentrations were found to be nearly 25-fold lower
than Pb content recorded in RW treatment for a-PV. In case of CIGS
PV, the observed small release of metals could be possible due to
low solid -to- liquid ratio as compared to other silicon PVs. Further,
in contrast to previous studies, the low release of Pb, Ag, and Se
was observed, which might be due to considerable differences in
experimental setups used (Gu et al., 2018; Nover et al., 2017).
Metals such as Al, Cu, Fe, Ga, Ni and Se leached 0.168, 10.58,
1.072, 0.0054, 0.062 and 0.028 mg/gm of CIGS, respectively. The
release of In was smaller in comparison to that of Cu from CIGS.
However, it gradually became steady in ML after 300 days of leach-
ing. This could be attributed to the effect of decrease in surface area
of exposed copper with time because of the formation of copper
chlorides (CuCl) on the PV surface. Other metals such as Al, Fe,
Ni, Pb, Cd and Cr leached 5.23 mg/L (15.89%), 33.22 mg/L (5.28%),
1.9 mg/L (0.46%), 0.008 mg/L (2.80%) 0.745 mg/L (5.60%) and
0.11 mg/L (0.15%) after 12 months (Table S4). The comparison of
metal dissolution data in ML conditions with those in the GW
and SW conditions (with similar neutral to alkaline pH) shows that
the metal leaching was significantly affected by the presence of

organic and additional inorganic compounds in the landfill lea-
chate. ANOVA analysis proves this hypothesis indicating that the
different solutions with different modules (broken vs unbroken)
affect the metal dissolution rate. Investigations suggest that
release quantities of Se, Ga and In are very minimal on disposal
of CIGS under various wetting conditions. As per the standard haz-
ardous waste characterisation tests by the USA and California Envi-
ronment Protection Agency (EPA), a solid waste can be considered
toxic if the concentration of Se dissolved in the TCLP or WET tests
exceeds 1000 pg/l. Given the results of this study, CIGS could be
classified as non-toxic in terms of Se as per the conditions used
in this study. Also, Ga leached in minimal amount with 166 pg/l
(0.28%) after 365 days and is not regulated because it is considered
as non-toxic generally (Ramos-Ruiz et al., 2018). Passivation of the
bound Ga in the PV by gallium oxide layer could possibly be the
reason for a low Ga dissolution rate. The same observations were
recorded for In from CIGS PV, though with slightly higher dissolu-
tion rates (at neutral pH conditions). For example, the In release
rate under alkaline and neutral pH conditions were found to be
two times greater than that under the acidic condition.

In mono-silicon modules, Si and Al have the major share in terms
of mass (wt. %) followed by Cu, Fe and Zn as per characterisation
reported in literature (Matsubara et al., 2018) and conducted in the
present study (Table S1). Under the acidic condition (RW), the maxi-
mum metal dissolution was observed for Ni followed by Pb, Al and Cu
with approx. 68.15 mg/L (29.8%), 29.01 mg/L (17.9%), 233.4 mg/L
(13.9%) and 210.28 mg/L (12.9%) of the initial metal content, respec-
tively. Other metals, such as Cd, Cr, As and Se showed a maximum
release of 0.007 mg/L (2.3%), 2.11 mg/L (3.00%), 0.003 mg/L (1%)
and 0.005 mg/L (0.36%) in broken-RW condition, respectively
(Table S4). In terms of mg per grams of mono-Si, Ni, Pb, Al and Cu
showed release of 0.648, 0.276, 2.22, 2.00, respectively, whereas Cd,
Cr, As and Se leached<0.2 mg/gm of multi-Si. In case of MSW leachate,
leaching of various metals from mono-Si was observed up to 4.19%
(17.08 mg/L of Al for broken-ML), which was found to be greater than
those from other PVs (Fig. 3). Pb release was observed to vary from
2.84 mg/L (1.75%, unbroken-GW) to 6.19 mg/L (3.82%, broken-SW)
in neutral to alkaline conditions. Pb was found to release up to
29.01 mg/L (17.92%, broken-RW) in acidic condition. It might be
due to the effect of high pH that might have resulted in the release
of oxyanions. With respect to module condition, significant effect
was observed in case of acidic leaching condition than in other solu-
tion types. Maximum K4 was observed for acidic and leachate condi-
tions for all metals, though, no relative effect of module breakage
condition on K4 was seen (Table S3). Raising the pH had significant
effect on the leaching extent as metal release was observed to
decrease significantly with increasing pH. The fact that encapsulant
release was found to be maximum among silicon-based PVs (dis-
cussed later), it might have resulted in high exposure of bound-
metals in semiconductor layer and anti-reflection coating of silicon
nitride to extraction solutions. The observed metal release from
mono-Si modules in this work was found to be smaller than that of
previous studies (Tammaro et al., 2016; Zimmermann et al., 2013).
This difference in extent of leaching might be due to use of large sam-
ple size and absence of stressful conditions in literature-reported
studies. This shows that leaching studies which use small panel size
(in mms) in high acidic solutions, are by no means representative of
dumping of panels in real conditions.

For multi-Si modules, the metal release trend was alike to those
observed for mono-silicon PV. The metal dissolution for
broken-RW was up to 5.10% (5.10% for Ni, 4.97% for Al, 1.85% for
Cu and 1.67% for Pb) during the initial phase of the incubation till
150" day. The extent of metal dissolution was found to increase
exponentially for next 5 months and then it was found to be
become stable till the 365™ day. The experimental data were best
fitted to the sigmoidal model (Figure S3). The highest concentra-
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Fig. 3. Mono-silicon PV one year leaching kinetics of lead, copper, aluminium, and
nickel into RW, pH 4 (square); GW, pH7 (daimond); SW, pH10 (circle) and ML, MSW
leachate (triangle) Two modules conditions: Broken, B (unfilled symbols and dashed
lines) and Unbroken, UB (filled symbols and solid lines).

tions of soluble Pb, Cu, Al and Ni released were observed to be
31.27 mg/L (24.43%), 584.59 mg/L (16.95%), 417.29 mg/L (21.29%)
and 119.15 mg/L (25.96%), respectively, after one year of incuba-
tion. With respect to PV mass, Pb, Cu, Al and Ni released were
found to be 0.29, 5.42, 3.68 and 1.104 mg per grams of multi-Si,
respectively. It could be seen from Figure S3 that metal dissolution
for multi-Si is greater than that for CIGS PV and significantly higher
in RW solution. In contrast, metal leaching did not reach a plateau
in the solutions with alkaline conditions even after 365 days of
incubation, which may be attributed to the effect of high Cl content
or other compounds in leachate (Kim et al., 2011). Previous metal
leaching studies have reported that leaching kinetics are controlled
by mass transfer diffusion or a metal deposit on product surface

(Mishra et al., 2008). Since the dissolution of CuCl is low, it forms
a precipitated layer on the copper surface which inhibits the leach-
ing (Kim et al., 2011). Also, other compounds, such as bicarbonate,
mineral salts, volatile fatty acids (VFA) and other degradable
organic compounds can affect the interaction and metal dissolu-
tion (Kjeldsen et al.,, 2002). Landfill leachate contains different
types of organic and inorganic contaminants (Kjeldsen et al.,
2002; Naveen et al., 2017; Somani et al., 2018) that could possibly
act on PV materials, resulting in release of hazardous metals. More-
over, the metal leaching from PVs can be affected by presence of
other pollutants, such as metallic oxy-hydroxides, which can act
as adsorbents of inorganic species (Dixit and Hering, 2003); or cal-
cium and sulfide ions that could result in formation of insoluble
complexes (Zhang et al., 2017). Other metals, such as Cr, Se and
Zn showed a maximum release of 1.63 mg/L (1.96%), 0.007 mg/L
(1.4%) and 0.27 mg/L (1.79%), respectively. As, Cd and In were
not detected in the study period. The leached heavy metals from
multi-Si modules in ML solution appears to be relatively small to
raise any concerns related to EoL disposal at present. Significant
release of metal particulates from various PVs was observed under
the acidic rainwater conditions considered in the present study
(Figs. 2 and 3). However, it is challenging to approximate the actual
metal release that could possibly happen in actual landfill waste
under normal rainwater conditions. Among the heavy metals
released, release of Pb and Cd was concerning because of their car-
cinogenic nature. However, the high Pb release may be accredited
to the older generation soldering materials used in silicon-based
modules that could alleviate these concerns. It could be expected
that newer and more sophisticated soldering materials in the third
generation of solar PVs would considerably reduce their use in PV
and subsequenlty their release from PV. Further, recent studies
have successfully recovered metals from e-waste using lixiviants
(Jafari et al., 2019), fluid extraction (Ding et al., 2019), microorgan-
ismand by various other methods, which can be utilized for recov-
ering leached metals from EoL solar waste.

3.2. Probability of exceedance of leached metals to surface water limit

To put leached metal concentrations in perspective, PoE (%) was
estimated to surface water limit (Oklahoma’s Water Quality Stan-
dards; USEPA effluent discharge standards), irrespective of the sce-
nario considered. Among various PVs, maximum exceedance was
shown by multi-Si. In case of metals, Al (multi-Si & mono-Si), Ag
(a-PV) and In (CIGS) have shown maximum exceedance up to
92.31%. For a-PV, metals leached in RW and GW have higher prob-
abilities of exceeding the standards but least chance of exceedance
in ML (Fig. 4). After 1 month itself, leached Pb, Ag and Cu exceeded
their surface water limits with 92.31% of exceedance. Similar find-
ings were observed for Al released from mono- and multi-Si PVs.
Leached In and Cu from CIGS exceeded after the first and the sec-
ond month of leaching, respectively. Pb showed the minimum
exceedance in all PVs, with least in unbroken-ML leaching sce-
nario. In case of leaching solution, metals exceeded minimum in
SW and ML solutions from their respective surface water limits.
However, overall there was slight difference in PoE of metals for
broken and unbroken conditions. For rainwater solution, after
2nd or 3rd month of study period, metals exceeded their respective
surface water thresholds for both, broken and unbroken panel con-
ditions. These findings suggest that dumping of EoL solar PVs in
rainwater environment can violate the surface water standards.

3.3. Encapsulant release with time
Encapsulant plays a crucial role in the degradation of a PV (Brecl

et al,, 2018). A number of studies have shown the encapsulant dis-
solution, mostly in crystalline silicon PVs using organic solvents
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(Gangwar et al., 2019) and ultrasonic irritation (Xu et al., 2018).
Several experimental attempts have been done for delamination
using chemicals; recycling using etching process; EVA decomposi-
tion using thermal treatment; back cover removal using solvents,
most of which focused on aspects of recycling (Gu et al., 2018;
Yousef et al., 2019). The inner metal layer is well protected by
outer glass and encapsulant layer. But metal layer or coating can
be exposed to environment if glass or encapsulant damages during
transportation and assembly process (Su et al., 2019). A recent
study by Savvilotidou et al. (2017) showed the EVA dissolution
using various acids or acid mixtures along with different tempera-
tures. Another study by Su et al. (2019) showed the increase in
metal release from buried thin-film PV in soil with increase in con-
tact time and acid concentration (Su et al., 2019). However, the
effect of encapsulant on metal release and its quantification had
not been primarily focused on in literature. Thus, in order to under-
stand metal leaching mechanism, release of binding agent (in
terms of total carbon released) with time was quantified in this
study. Studies have shown that water penetration through the
laminated edges and back sheet of module can result in encapsu-
lant degradation and delamination (Gxasheka et al., 2005; Su
et al., 2019). Also, thin-film PV modules are more prone to water
penetration than silicon-based modules (Parida et al., 2011). Due
to delamination and encapsulant degradation, moisture can get
to the cells and interact with metals present in semiconductor
layer. Most common encapsulant or binding agent used in PVs
for adhering various layers is EVA (Chandel et al., 2015) with
molecular formula CoH4 (HoC = CHy) (Osayemwenre & Meyer.,
2014). Therefore, the carbon released was hypothesised with EVA
degradation and total carbon (i.e., EVA release) released was quan-
tified monthly in various leaching scenarios. It is important to note
that carbon release is assumed to only represent EVA for approxi-
mation purposes. In reality, the released organic compound (which
is represented as total carbon) might be a combination of EVA and
different polymers. For different EVA-based encapsulated solar PV,
EVA can have different monomer composition, varied peroxide
concentrations and nature of UV used for stabilization (Adothu
et al., 2020). With advancement in PV materials research, new

polyolefin-based encapsulants and ionomers thermoplastics are
being used as an alternative to EVA and can behave differently in
various environment settings (Tracy et al, 2020). The investigation
of possible contributions of different polymers and EVA in the
observed release of carbon is beyond the scope of the present
investigation. This study assumed EVA to be the sole contributor
of the observed carbon as an approximation to illustrate the need
for linking encapsulant with metals release quantities. This study
acknowledges the need for performing detailed characterization
of released organic compounds. The schematic for metal release
after encapsulant degradation is shown in Fig. 5.

Among the PVs studied, the highest carbon release was
observed in multi and mono-Si in broken-RW with K4 values equal
to 2.7 and 3.8, respectively. The fitting of sigmoidal model for total
carbon release as a function of time with 5 parameters gave the
best fit with R? >0.98 and adjusted R? >0.95 with respect to other
models (Fig. 6, Table S4). This may be due to two layers of encap-
sulant used for adhesion of glass and back sheet to semiconductor
film. Dissolution rate decreased with increase in pH of solution,
however, it was found to be minimum for ML despite of having
mildly alkaline conditions. Similar behaviour was observed for
thin-film PVs, amorphous and CIGS with minimal carbon release
in ML, and this might be due to the presence of bicarbonate and
mineral salts in landfill leachate (Kjeldsen et al., 2002). Also, the
EVA dissolution strongly depends on the solvent type.

Amorphous PV showed maximum Ky of 5.02 (broken-RW) and
minimum of 2.47 (broken-SW) among all the PVs followed by CIGS
with maximum value of Kyq equals to 4.38 (unbroken-RW) and
minimum value of Ky equals to 1.29 (unbroken-ML) (Table S3).
For leachate, total carbon released was minimal, with K4 observed
between 1.1 and 3.9. The low encapsulant release resulted in lesser
layer delamination and reduced accessibility of leaching solution
to semiconductor layer. Thus, this could explain the observation
of low metal release in MSW leachate in various PVs. Further, the
2-way ANOVA analysis of carbon release with regards to module
condition (broken and unbroken) and leaching solution (RW, GW,
SW and ML) at a=0.05 (95% confidence test) shows the significant
effect of individual parameters, i.e., module condition and leaching
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solution on carbon release. However, the effect of interaction of
these factors (i.e., factors: module condition*leaching solution) do
not significantly affect (p >0.05) the encapsulant release in all
PVs. The clear visible difference in carbon release with time can
be seen in Fig. 7, which shows the images after first and twelfth
months of leaching from CIGS panel. The released encapsulant
was jelly-like material adhering onto the edges of sample.

The main effect of EVA degradation is the corrosion of conduc-
tion lines and metallic components. This is well established in lit-
erature, where several studies have proved significant effect of EVA
degradation on metallic components of a module (Brecl et al.,
2018; Oreski et al., 2017). The similar inference was also derived
from the analysis of correlation between EVA and metal release
in present study. High values of spearman correlation coefficient
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(rho) between binding agent release and metal leaching were
observed for all PVs (Figure S4). The EVA release observation also
implicitly indicates the variation of permeability of leaching solu-
tion within the EVA film. Studies have shown that permeability
of leaching solution in the EVA film, which depends upon diffusion
and solubility coefficient (Kim and Han, 2013). More work is
required to understand this aspect in detail. Further, the age of
EVA is another crucial factor which affects degradation. The aged
EVA degrade fastly with a degradation rate of 0.2% per day (Brecl
et al., 2018). Present study provided a preliminary investigation
on relationship between EVA and metal release. In this regard, fur-
ther work is required to understand the roles of various aspects

such as interaction of other reactive peroxides in modules with
metallic layer and contribution in EVA quantification; effect of
temperature and agitation on EVA stability or moisture ingress;
leaching solution with different composition.

3.4. Solar PV waste-associated LPI (SPW-LPI)

LPI has been used in several studies in the past (Lothe and
Sinha, 2017; Naveen et al., 2017). The LPI of leachate used in the
present study at the time of sampling was calculated to be 24.75.
After 12 months of leaching from dumped broken solar PVs in
MSW leachate, the LPI values were calculated to be 30.81, 30.50,

Table 1
Percentage change in leachate pollution potential after one year of solar photovoltaics disposal.
PV type Leaching solution To Amorphous CIGS Mono-Si Multi-Si
Parameter* Wi Value Pi WiPi  Value Pi WiPi  Value Pi WiPi  Value Pi WiPi  Value Pi WiPi
MSW landfill leachate as leaching solution
BODs 0.06 2,189.3 +120.7 40 2.44 1563.58 35 2.14 1268.44 35 2.14 1369.16 35 2.14 1068.30 35 2.14
CoD 0.06 47,562.8 +678.40 90 5.58 536864 87 5.39 58168.6 88 5.46 57364.6 87 5.39 50356.3 85 5.27
Chlorides 0.05 8,116.2 +831.5 100 49 8936.42 80  3.92 8236.30 80  3.92 6845.60 80 3.92 693430 80 3.92
NH3N 0.05 31.5+1.37 10 0.51 12.36 5 0.26 6.14 5 0.26 9.54 5 0.26 10.66 5 0.26
pH 0.06 7.67 +1.40 5 0.28 7.80 5 0.28 7.79 5 0.28 7.64 5 0.28 7.89 5 0.28
TDS 0.05 18,232.5+0.12 65 3.25 282463 6 3.00 268564 60  3.00 206343 55 2.75 1956.60 54 270
TCB 0.05 40,002 65 3.38 400.00 6 3.12 500.00 60  3.12 500.00 60 3.12 400.00 60  3.12
TKN 0.05 260 +3.50 7 0.37 190.30 5 0.27 164.60 5 0.27 165.36 5 0.27 139.43 5 0.27
As 0.06 0.04 + 0.036 5 0.31 0.04 5 0.31 0.05 5 0.31 0.16 5 0.31 0.40 5 0.31
Cu 0.05 0.15 £ 0.032 5 0.25 65.40 100 5.00 98.25 100 5.00 29.31 100 5.00 209.60 100 5.00
Cr 0.06 0.185 +0.03 5 0.32 0.59 5 0.32 0.35 5 0.32 0.47 5 0.32 0.53 5 0.32
Fe 0.05 22.9+0.031 5 0.23 25.43 5 0.23 14.36 5 0.23 19.61 5 0.23 26.65 5 0.23
Pb 0.06 0.004 + 0.027 5 032 1.40 10 0.63 0.06 5 0.32 1.28 5 0.32 13.10 90 5.67
Ni 0.05 0227 +0.03 5 0.26 0.26 5 0.26 0.35 5 0.26 5.27 30 1.56 52.54 100 5.20
Zn 0.06 1.281 £ 0.031 5 0.28 1.26 5 0.28 1.36 5 0.28 1.29 5 0.28 2.65 5 0.28
Total 0.82 22.66 25.38 25.13 26.12 34.9
LPI 24.75 30.81 30.50 31.70 424
% change in LPI 12.02 10.90 15.26 54.2
Rainwater as leaching solution

BODs 006 0 0 0 439 10 0.61 526 10 0.61 250.00 10 0.61 160.00 10 061
CoD 006 0 0 0 653 5 0.31 1036 5 0.31 569.00 5 0.31 403.00 5 0.31
Chlorides 005 0 0 0 35 5 0.25 102 5 0.25 22.00 5 0.25 14.00 5 0.25
NH3N 005 0 0 0 0.65 5 0.26 1.38 5 0.26 2.30 5 0.26 3.00 5 0.26
pH 0.06 4.11+0.2 60 33 4.50 60 330 423 60 330 4.3 60 3.30 4.32 60  3.30
TDS 005 0 0 0 1693 5 0.25 1602 5 0.25 1069.00 5 0.25 1260.00 5 0.25
TC 005 0 0 0 100 5 0.26 0.0 5 0.26 100.00 5 0.26 200.00 5 0.26
TKN 005 0 0 0 30 5 0.27 11.0 5 0.27 20.30 5 0.27 15.05 5 0.27
As 006 0 0 0 1.62 10 0.61 0.02 5 0.31 0.08 5 0.31 0.01 5 0.31
Cu 005 0 0 0 483.2 100 5.00 2226 100 5.00 210.30 100 5.00 584.32 100 5.00
Cr 006 0 0 0 0.01 5 0.32 0.99 5 0.32 0.02 5 0.32 0.01 5 0.32
Fe 005 0 0 0 55.13 5 0.23 18.13 5 0.23 11.66 5 0.23 9.66 5 0.23
Pb 006 0 0 0 23.37 100 6.30 0.16 5 0.32 29.02 100 6.30 31.27 100 6.30
Ni 005 0 0 0 0.15 5 0.26 2.41 5 0.26 68.10 100 5.20 119.24 100 5.20
Zn 006 0 0 0 1.54 5 0.28 1.29 5 0.28 2.70 10 0.56 2.31 5 0.28
Total 0.82 33 18.49 12.20 2341 23.13
LPI' 4.001 22.44 14.81 28.40 28.06
% change in LPI 459.6 269.2 608.3 599.9

Note: LPI- Leachate pollution index, TDS- Total dissolved solids, BOD- Biological oxygen demand, COD- Chemical oxygen demand, NHsN Ammonical nitrogen, TC- Total

coliform, TKN- Total Kjeldhal Nitrogen,. *All leachate values are in mg/L except TC.
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31.70, 42.40 for amorphous, CIGS, mono-Si and multi-Si PVs,
respectively (Table 1). The increase in leachate contamination
potential of the leachate after one-year study was observed to be
12.02%, 10.90%, 15.26% and 54.19%, respectively for the above
PVs. It is evident that dumping of EoL solar panels can double
the contamination potential of a site. The increase in LPI of landfill
on disposal of solar PVs has also been proved in an earlier work by
Nain & Kumar (2019). Whereas in case of acidic rainwater condi-
tions, the contamination potential of the solution changes up to
600% if dumped with solar PVs. The increase in LPI is mainly due
to the leached heavy metals such as Pb or Cr from PVs as changes
in values of other parameters are negligible. Such significant
increase in the LPI indicates a cause of concern and the importance
of understanding the impact of EoL solar PVs on environment if
dumped without any treatment for preventing leaching of metals
from EVs. The results from present study shows that the more real-
istic studies in environmently- relevant conditions are required for
estimating pollution potential of solar PV waste. There have been
several studies on fate of e-waste in landfills, which suggest that
disposal of e-waste in environment could cause serious environ-
ment contamination and health concern. However, limited infor-
mation is available on fate of EoL solar PVs in environment.
Further, present work utilises only one module of one brand for
each technology, which is a limitation. Though, the use of modules
from four different technologies gives an overview on preliminary
fate of metals from different modules under various scenarios.
Thus, more research is required investigating their fate in environ-
ment and efforts are required for guiding regulatory bodies in pol-
icy formulation and implementation of safe management practices.

3.5. Conclusions

This study analysed metal release from broken and unbroken
solar panels in four different leaching solutions (pH4, pH7, pH10,
and real MSW leachate) for one year. With exceptions to findings
for few metals in rainwater solutions, the result of leaching from
commercially available PVs was minimal. Thus, the high acidic
conditions and short-term reactions in TCLP and WET tests could
poorly represent the metal release from encapsulated materials
like solar modules. In this regard, the results from present study
demonstrate the fate of solar panels in landfill leachate. For initial
months after disposal, the PV cells and films maintain their integ-
rity because of encapsulation. Given results, disposal of EoL solar
PVs in MSW landfills could result in less leaching from semicon-
ductor layers. However, these findings do not imply that PV dis-
posal in landfills are environmentally safe. Though, the observed
less metal release in MSW leachate suggests the need of further
investigation on different aspects, such as, effect of microbial activ-
ity, temperature variations and composition of MSW waste on
metal solubilization from PVs.

Metal leaching kinetics from this study show that the slow
leaching behavior is more relevant in PVs since the maximum
metal release observed was found to be 68.15 mg/L (29.8%) for
Ni (mono-Si) followed by 683.26 mg/L (26.9%) for Ag (a-Si),
31.27 mg/L (24.43%) for Pb (multi-Si) and 417.29 mg/L (21.29%)
for Al (multi-Si) under most stressful condition. This clearly shows
that the short-term leaching studies with millimeter-sized sample
pieces do not represent the realistic dumping scenarios with big
sample size in absence of agitation. Therefore, experimental condi-
tions in future studies are required to represent more
environmentally- relevant scenarios, such as dumping of EoL solar
panels in anaerobic conditions of MSW landfills. The findings also
suggest that encapsulant degradation plays a critical role and have
positive correlation with metal dissolution. With respect to previ-
ous studies, the low metal release was observed, which might be
due to considerable differences in sample size, leaching solutions

and experimental setups. The regression analysis indicated that
conditions of the modules and pH of the leaching solution also play
significant roles on metal dissolution. Similarly, the probability of
exceedance of leached metals to standard limits depends upon
the mass of PVs exposed per volume of water. Al (multi-Si and
mono-Si), Ag (a-Si) and In (CIGS) have shown the exceedance of
92.31%. In terms of pollution potential, the increase in leachate
contamination after oneyear of PV dumping was found to be
12.02%, 10.90%, 15.26%, 54.19% for amorphous, CIGS, mono-Si
and multi-Si PVs, respectively.

Overall, the outcomes from the present oneyear study provide
an insight on the fate of four PV types in various environmental
scenarios and could be beneficial in decision making-process
towards EoL solar PVs management. Lead, cadmium, and other
potentially leachable heavy metal releases should be monitored
to ensure that the EoL solar PV disposal do not violate the regula-
tory limits. Since the solar PV industry is young, positive steps such
as recycling, regulations for EoL management, use of panels with
less hazardous metals and take-back policies could be enforced
to maintain the green credibility and sustainability of the product
and moreover, to avoid an additional e-waste issue.
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ARTICLE INFO ABSTRACT
Keywords: The photovoltaic (PV) technology is one of the fastest growing renewable and environmental friendly sources of
Solar photovoltaic waste electricity. However, this huge deployment rate is associated with generation of end-of-life (EoL) PV waste

Carcinogenic metals
Initial metal content
Leachate rate constants
End-of-life

containing particularly, carcinogenic metals, once their operation phase ends. This study attempted to address
this upcoming waste issue by systematically reviewing about 300 review/theoretical/case/research papers/
books/patents published between 2000 and 2018. The information was compiled and synthesized on: (i) initial
metal concentration/content (IMC) for silicon-PV, amorphous-PV, CIGS and CdTe PVs; ii) statistical character-
isation and distribution of compiled IMCs; iii) leached metal concentrations (mg/1) from various PVs in water-
based leaching solutions, as per standard waste characterisation methods, in acid leaching and landfill matrix;
iv) metal leaching rate constants (LRC) by fitting exponential model on reported plots of leached metal con-
centration values versus time using the GetData software; v) feasible application of compiled IMC and LRC data
for: a) Leachate Pollution Index (LPI) determination of an MSW landfill dumped with solar-PV waste, b) human
health risk assessment (HHRA) for exposure to lead leached from solar PV waste in an MSW landfill; vi) data/
knowledge gaps from literature review and highlight the required future research actions.

The range of IMC values for top three solar PV-associated carcinogens, arsenic, cadmium and lead (% weight)
were obtained to be: 0.00-0.001, 0.0001-19.84, and 0.003-5.09, respectively. Further, the range of LRC of solar
PV-associated leached arsenic, cadmium and lead were obtained to be (per day): 0.00-0.129, 0.001-0.031, and
0.003-0.041, respectively. Leaching of Cd, Pb and Se from PVs have been mostly studied in acidic conditions (pH
3.0-6.5), whereas, fate of solar PVs in landfill conditions was not observed to be studied much. The estimation of
contribution of solar PV in leachate pollution potential of an existing MSW landfill at Tgo values (i.e., time
required for 90% leaching of metals) showed an increase of 5.15% in pollution potential of landfill if landfill
were to be dumped with EoL PV waste as well. HHRA for exposure to groundwater contaminated with leachate
from a landfill dumped with lead containing solar PV waste did not pose any significant risk, however, the
carcinogenic effects due to other metals under this scenario cannot be neglected. Out of 85 studies selected for
content analysis, only 2.39% of them investigated the fate of PVs in landfill stimulating conditions. To address
the fate of EoL solar waste and reduce uncertainty in present work, following future research actions need to be
initiated: (i) conduct experimental studies to obtain data on metal leaching under realistic dumping scenarios
and landfill conditions (intact solar panels with bigger size in MSW landfill); (ii) revise the expression of LPI for
including solar PV-based LPI with critical parameters, like carcinogenic metals (cadmium); (iii) investigate
suitability of existing standard hazardous waste characterizing methods (TCLP or WET) for PV waste.

materials used, efficiency and size. The main PV technologies available
in the market on the basis of maturity, are: i) first-generation crystal-
1. Introduction line-Si, representing 90% of the PV market (40% mono-, 48% multi-, and
2% ribbon Si); ii) second-generation thin-film technologies, covers the

Solar PV has shown exponential growth with most promising alter- remaining 9% of the market share (5% CdTe (cadmium telluride), 2%

native to fossil fuel [1]. PV technologies are based on different types of
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Abbreviations

PV photovoltaic

EoL end-of-life

IMC initial metal content
LRC leaching rate constant

SPV-LPI solar PV metal-associated leachate pollution index

MSW municipal solid waste

CdTe cadmium telluride

CIGS copper indium gallium diselenide
a-Si amorphous-silicon

c-Si crystalline-silicon

GaAs gallium arsenide

OPV organic PV

PERC passivated emitter and rear cell

CZTS copper zinc tin sulphide

IEA International energy agency

WEEE  waste electrical and electronic equipment
BOS balance of system

EVA ethyl vinyl acetate

EIA environment impact assessment

GHG greenhouse gas

LCA life cycle assessment

EPBT energy payback time

TCLP toxicity characteristic leaching procedure
WET waste extraction test

Too time required for 90% leaching of metals
Al aluminium
Ag silver

As arsenic

B Boron

Cd Cadmium
Co Cobalt

Cr Chromium
Cu Copper

Fe Iron

Ga Gallium

In Indium

Mg magnesium
Mn manganese
Mo molybdenum
Ni Nickel

P phosphorus
Pb lead

Sb Antimony
Si Silicon

Se Selenium
Sn Tin

Te Tellurium
Ti Titanium
Zn Zinc

a-Si (amorphous-Si), and 2% copper indium gallium diselenide (CIGS))
[2]; iii) third-generation PVs, based mainly on technologies such as
dye-sensitised and organic PV cells (still at pre-developmental stage)
[3]. The current concern and emphasis reside in making them more
efficient and cost-effective in comparison to other sources of energy,
overlooking the consideration of after end-of-life (EoL) impacts. EoL
management is an approach for proper management and treatment of
PV waste. The International Energy Agency (IEA) estimates the total
global installed capacity of PV of around 402.5 GW at the end of 2017
[4]. This massive PV deployment is linked to a great generation of PV
waste once they reach their EoL. Considering PV’s average operational
life of 30 years, the amount of PV waste is expected to reach 8 Mt by
2030 [5,6]. A substantial number of solar PVs, installed in early 1990s,
are close to their EoL stage which can have serious environmental im-
pacts considering the huge waste volume and lack of regulations at
present [7]. Few countries, i.e., European countries, have officially
well-formed policy and regulations for EoL PV waste management by
revising the waste electrical and electronic equipment (WEEE) directive.
It is vital for other countries to undertake proper policies for manage-
ment of possible PV waste and, subsequently, reducing the risk of
environmental pollution [8]. A considerable number of studies has
focused on the EoL PV recycling, life cycle assessment [9-12] and
recycling of Si from Kerf loss slurry waste [13-15], however, there have
been very few studies which have highlighted the need of EoL PV
management [6,16]. A recent study by Salim et al. (2019) gave the
drivers, barriers, enablers for EoL PV management and presented a
conceptual framework for transition of present PV material flow and
supply chain management [17]. In addition, Kim and Park, (2018)
estimated PV waste according to PV installations along with wearing-out
parameter and recycling rates. The aforementioned and few other
studies in recent past have highlighted the need for EoL PV waste
management focusing on different perspectives of EoL [2,16,18,19].
Many manufacturers and consumers usually prefer to dispose the EoL
products as the recycling cost is higher than manufacturing and landfill
costs [20]. In fact, given their composition, PV panels (especially the
silicon-based ones) are not economically beneficial to recycle from a

recycler’s point-of-view and, usually, end up into landfills [21]. Pres-
ence of hazardous heavy metals, like Cd, Te, In or Ga can pose hazards to
environment and health, if dumped in landfills. The pollution potential
and risk posed by leached metals from dumped PV modules need to be
studied for suitable EoL recycling and, mitigation of environmental
problems. This information is also required for investigating the
contribution of solar PV waste contamination potential towards overall
pollution potential of a landfill. The LPI estimate has been used to
represent the level of leachate contamination potential of a given landfill
[22] and needs to be re-calculated given the possibility of dumping of
solar PV waste due to lack of proper EoL guidelines. Eventually, the risk
posed by EoL PV disposal in landfill needs to be assessed. Although, few
studies have investigated possible risk due to metals leached from PVs
but not in detail [23]. For example, Ramos-Ruiz et al. (2017) studied the
dissolution of Cd and Te under the acidic- and the methanogenic- MSW
landfill conditions and reported (a) the negligible leaching in meth-
anogenic phase conditions and (b) dissolution of 73% Cd and 21% Te
under acidic conditions [24]. This shows the need for assessment of
metal leaching from EoL PVs under the various dumping scenarios and
their respective impacts on human health and environment.

To date, there have not much published quantitative studies
reviewing the literature for availability of data on metal leaching and
contamination potential of dumped EoL PV which can be used in guiding
the risk assessors and policy makers. This study is first-of- its-kind
attempt, as per author’s best knowledge, to review 18 years literature
and compile leaching information on PVs and synthesise leaching rate
constants for future risk assessment. The objectives of present work is to:
(i) review literature and study research trend of PV studies; (ii) compile
data on initial content of metals present in various PVs; (iii) compile data
on leached metal concentration and leaching rate constant (LRC); (iv)
estimate contribution of metal associated solar PV waste in landfill’s
existing leachate pollution potential; and v) estimate risk of exposure to
groundwater contaminated with solar PV-associated carcinogenic
metal. The solar PV components, i.e., inverter, battery, Balance of Sys-
tem (BOS), junction boxes, etc. were excluded in this study as they can
be easily refurbished at their EoL and have specific regulations [25]. The





P. Nain and A. Kumar

Renewable and Sustainable Energy Reviews xxx (xxxx) Xxx

EolL waste LCA Metal Emissions and Identification of five
Solar PV . i
solar PV solar PV . leaching solar environment keywords for solar PV
recycling . \ )
panels modules PV panels impact solar PV related studies focusing
l | on 5 research areas
[ Database searching using identified keywords ]

Identification and

[ Review of Studies (Review + Experimental+ Book chapters) ]

Screening of Records

}

[ Studying Yearly and Geographically distributed trend

] Category-wise trend
analysis

b

Compilation of inputs for human health risk assessment
under five categories/focus areas

Compiling experimental
conditions, data on leaching
solutions, pH, temp, leaching

duration, initial metal
content

Compilation of inputs for

risk/exposure
assessment

Reported l
ISaERINg Fave Calculated Leaching Rate
constant i ;
from | Constant using GetData software

literature 1

e e
N Summary of Leaching Rate Summary of Initial Metal
Constants for PV disposal Content for different PV types

\ \

v

Feasibility for Estimating

Input towards

Risk/Exposure Assessment ] ‘ Leachate Pollution Index ’

~— government policy
makers

|

Identification of Knowledge Gaps and Suggesting
Possible Future Research Actions

Fig. 1. Overview of methodology.

re-estimation of LPI for incorporating effect of leached metal from solar
PV waste in MSW landfill leachate is a new consideration and has been
done in this study, for the first time. The research on EoL solar PV
management is just beginning, and there is a need for research activities
fulfilling the data gaps for policy and regulations formulation. Suitable
EoL management (recycling or reuse) of solar PVs is essential, not
merely to reduce waste burden on environment but also to avoid the
scarceness of critical metals (i.e. In or Ga) in future.

2. Methodology
2.1. Search approach followed for selection of articles

Fig. 1 presents the overview of methodology used in present study.
Firstly, the search criteria was established by selecting five appropriate

keywords for inclusion of maximum articles/papers which can address
the issue of EoL PV panel’s disposal, impact and risk posed. This paper
systematically reviewed the literature collected from the Science Direct
database published between 2000 and 2018 (by January 07, 2019), by
dividing it into five research categories/themes (“End-of-life waste solar
PV panels, Solar PV module recycling, LCA solar PV modules, Metal leaching
solar PV panels and Solar PV modules environment impact and emissions”")
as per approach given by Pickering et al. (2015) [26]. Academic liter-
ature included in this study consisted of research articles, book chapters,
conference papers and review studies only Discussions, news, product
reviews, patent reports, short communications, editorials, errata, and
government reports were excluded. Database was searched based on the
specific keywords, and further, refinement of articles for inclusion or
exclusion was done following a similar approach used previously [27,
28]. Fig. 2 represents the identification and screening of records done
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Fig. 2. Overview of inclusion or exclusion of articles (a: Screening of records for exclusion of non-relevant records by assessing the title or keywords; b: Screening out
of other category records i.e. LCA, recycling, leaching etc. and duplicate, without full-text records; c: Screening of the records by abstract analysis for full content
analysis; d: Selection of most relevant and significant studies to include in the summary for identification of information for metal leaching information.).

with numbers at various steps. After the initial search of records cate-
gory wise, screening was done to exclude articles related to solar inte-
grated/combined PV or thermal heaters and solar desalination systems.
Also, studies focusing on solar PV components, i.e., inverter, battery,
Balance of System (BOS) or testing/efficiency aspect were excluded as

Reported LRC

they can be easily refurbished at their EoL and have specific regulations
[25]. The selected records were further screened for refinement and
comprehensive content analysis in order to get geographical trends of
the published records as well as to synthesise data/information for risk
assessment and LPI estimation. The irrelevant records, duplicates, and
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Fig. 3. Methodology for compilation of IMC and LRC values (IMC-initial metal content; LRC-leaching rate constant).
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articles without full-texts were excluded. Selected articles were further
assessed according to their relevance to the PV subject for content
analysis (step ‘c’ in Fig. 2). The articles were further screened (step’d’ in
Fig. 2) and divided under 2 categories: (i) review/theoretical/case/book
chapters and (ii) experimental studies. In the last stage, the complete
content of selected records under five research themes were scrutinized
for inputs (IMC and LRC) towards risk estimation and LPI estimation.
Along with data compilation, knowledge gaps and future research ac-
tions were identified and summarised in the last part of the results and
discussion.

2.2. Content analysis

In first part of this section, the distribution of screened articles (after
step ‘c’ of Fig. 2) was studied to understand the research trend and
proportion of various significant studies published under five research
categories. Each selected article was categorised according to its pub-
lished year from 2000 to 2018, as well as, on the basis of geographical
location of the first author’s research institution. Along with distributing
articles continent-wise (Europe, North America, Asia and other coun-
tries), articles were studied for their contributions to various PV types (c-
silicon; thin-film technology, i.e., CIGS, CIS, CdTe, a-Si; OPV; Perovskite;
GaAs).

In second part, category-wise literature review was done of selected
articles after final screening for compiling the data on metal composition
of PVs and their leaching in different experimental conditions. The
selected studies under five research themes were further divided into
two categories:

1. Review studies are those studies which review and analyse the
progress of current research and discuss theories or conceptual
framework [29]. These studies were reviewed category-wise in order
to see the suitability and applicability of current research for un-
derstanding the fate of EoL solar PVs in environment and transport of
PVs-associated metals in landfills. Also, literature was reviewed to
obtain reported values of IMC of PV-associated metals.

2. Experimental studies are those studies which use a systematic and
scientific procedure to manipulate one or more variables in order to
achieve a result [30]. These studies were analysed for synthesising
the information on metal compositions of PVs, LRC, leaching po-
tential of different EoL PVs, toxicity potential of various metals, etc.
This information is required for the preparation of synthetic leachate
if EoL solar PV is dumped in landfill, as there is difficulty in obtaining
this information for realistic scenario due to less PV waste generation
at present. The synthetic leachate data could be useful for estimating
risk and formulating waste regulatory guidelines.

2.3. Data synthesis

Data synthesis in this study implicates the summarization and
compilation of inputs required for risk assessment and LPI determina-
tion. A total of 85 selected articles were reviewed for information on
IMC in different PV technologies; leaching solution characteristics,
leached metal concentration in various environment matrixes; per-
centage of metal leached, experimental conditions, reported LRC;
method of leaching, etc. Fig. 3 represents the methodology followed for
estimating and compiling the LRC and IMC data.

2.3.1. Initial metal content in solar PV modules

In this section, selected articles reporting metal contents in
commercially available PVs were considered for summarising the metal
compositions of four PV types (Si-PV, CIGS, CdTe and a-Si). Different PV
types have different types of metal and composition, and are subject to
change with advancements in research on manufacturing processes
focusing on improving the efficiency with minimal use of materials. The
metal concentration values were reported in different ways in various
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Fig. 4. A flowchart for estimating LPI and exposure risks during an accidental
leakage of landfill leachate containing EoL solar PVs.

studies, such as mg of metal/m? of PV or mg/watt or mg of metal/gm of
PV panel, etc. It is rather questionable to compare the absolute con-
centrations from the different studies. So, these values were normalised
to unit of weight percentage by using and assuming (in some cases) some
normalisation parameters from literature wherever values of parame-
ters, such as average weight of a PV per m?, percentage of glass or ethyl
vinyl acetate (EVA), etc. were not reported [2,31-34]. The related in-
formation on this aspect is presented in Table S1 of supporting infor-
mation document. The material compositions of frame and mounting
materials are not included in this study with the assumption that they
can easily be recovered. Also, the metal content and weight values of
encapsulant, back sheet, junction boxes, copper wires, EVA and glass
were not included for unit conversion as most of the studies done so far
have not considered these components in leaching experiments. Out of
the initial compilation of IMC for 21 metals, 14 metals (7 carcinoge-
nic/hazardous and 7 non-carcinogenic) were considered for further
analysis.

For metals, having less number of reported IMC values, log-normal
distribution of metal concentrations were developed as per the
method presented in the Kumar and Xagoraraki (2010) [35]. Monte
Carlo simulation was used to reduce uncertainty associated with less
number of reported values. Each metal was defined by a probability
distribution with corresponding mean and standard deviation values.
For this, 10,000 random values were developed in Microsoft Excel for
metals with number of data points >4, to ensure coverage and steadiness
of the analysis. Further, metals were characterised using average value,
90% confidence interval, and 99th percentile values.

2.3.2. Determination of leaching rate constants

To determine LRC values for selected metals, reported data from
selected experimental studies on leached metals in percentage, pg/1, and
mg of metal/gm of PV in different matrixes were compiled (Fig. 3). It
was ensured that all the papers reporting leaching information as
function of time should be considered in leaching rate calculation. Rate
constant (Kq) reported in published studies were used as-is if exponential
model was used for model fitting, as exponential model reported to
provide excellent fit for leaching data. Studies, where K4 values were not
reported, “GetData” software was used to extract data points from
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leached metal concentration versus time plots (if present) and the
extracted x and y values were plotted on a base 10 semi-logarithmic in
an Excel 2016 spreadsheet. Linear regression was performed on the
transformed data and slope was taken as rate constant. LRC with coef-
ficient of determination (R >0.75 along with their carcinogenic and
non-carcinogenic status were selected for further analysis.

2.4. Feasibility for estimating LPI and human health risk for solar PV
waste leachate

In this section, the feasibility of application of the compiled data for
estimating (i) pollution potential, i.e., LPI and (ii) risk posed by solar PV
waste was investigated. Fig. 4 shows the proposed hypothesis for LPI
estimation and risk assessment of accidental leakage of landfill leachate
containing metal component of EoL solar PVs.

2.4.1. Estimation of a solar PV waste-associated LPI: A hypothetical case
study of Okhla landfill, New Delhi, India

In this section, the compiled metal leaching data (IMC, LRC) was
applied to calculate the LPI of Okhla landfill, New Delhi (India) in order
to evaluate the change in its existing pollution potential if it were to be
dumped with EoL solar PVs. LPI represents the level of leachate
contamination potential of a given landfill. It is a quantitative tool which
summarizes the complex leachate pollution data and facilitates its
communication to the general public, field professionals and policy
makers [36]. A total of eighteen parameters are required for LPI calcu-
lation. Each of these parameters has weight (w;) value which was
determined on the basis of significance value assigned to each variable
through Delphi technique [37]. For each parameter, average “sub-index
curve” was drawn by the experts where the concentration of each
parameter was plotted against the levels of leachate pollution (0-100).
Determination of LPI includes analysis of concentration of pollutants to
determine p; using the rating curves (equation (1)) [37]:

m
i Wibi

LP] = 2=i=!
2w

@

where, LPI: weighted additive leachate pollution index, w;j: weight for
the ith pollutant variable, p;: sub-index score of the ith leachate
pollutant variable, m: number of leachate pollutant variables used in
calculating LPI (i w; = 1; If m < 18, then iwi <1).
i=1 i=1

The Okhla landfill site is located on the southern part of the city and
is spread over an area of 32 acres. The landfill does not have any base
liner or leachate collection and treatment systems [38]. For calculation
of LPI (landfill waste leachate), the minimum values available for 18
parameters of Okhla landfill leachate were taken from previously pub-
lished articles [36,39,40]. The new LPI’ value (=landfill waste leachate
+ solar PV waste leachate) was calculated by considering the hypo-
thetically leached metal components of solar panels by adding in the
existing metal components of the Okhla landfill leachate. This was done
assuming all other 10 parameters apart from metal components, (pH,
TDS, total kjeldahl nitrogen, ammonical nitrogen, BOD, COD, cyanides,
chlorides, and phenolic compounds) to be zero for solar PV
waste-associated leachate, as these values are not available in literature.
More work in this direction is required for obtaining information on all
exposed receptors. The leached concentrations of metals, Fe, Cu, Ni, Zn,
Pb, Cr, and As from solar PV waste were calculated using rate constant,
K4 (maximum values) (Table S4) using log (C/C,) = (-kt) at Tyg (i.e.,
time required for 90% leaching of a metal). The ‘p;’ values or sub-index
values for all the parameters were extrapolated from the sub-index
curves shown by Kumar and Alappat (2003) [38]. Finally, the change
in LPI (ALPI = LPT’ - LPI) due to hypothetical dumping of solar PV waste
in MSW landfill was calculated.
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Table 1
Parameters used for estimating life-time excess risk of cancer.
Parameter Unit Child Adult Reference
Body weight (BW) Kg 15 60 [43]
Exposure frequency (EF) days/ 350 350 [44]
year
Exposure duration (ED) Years 6 30 [45]
Ingestion rate (IR L/day 2 2 [46]
groundwater)
Life time (Indian Years 65 65 [47]
conditions)
Average time (AT) Days 365 x 65 365 x 65 [44]
Cancer Slope Factor (CSF) mg/kg- 8.50 x 8.50 x [48]
day 1072 1073

2.4.2. Estimation of human health risk

In order to estimate the risk posed by groundwater contaminated
with leachate from a landfill hypothetically dumped with solar PV
waste, a 100 times dilution of concentrations of constituents of leachate
was assumed due to mixing with groundwater (Fig. 4). Similar estima-
tion approach with the same dilution factor has been previously pro-
posed by Refs. [40,41]. As the leachate percolates to the groundwater,
all the compounds/metals present in the leachate are subjected to
dilution [42]. Risk was calculated for the carcinogenic metals Pb, for one
exposure pathway i.e. groundwater ingestion. Life-time excess risk of
cancer due to accidental ingestion of carcinogenic metal, Pb, was
calculated using equations (2) and (3):

Cancer Risk= ADD*CSF 2)

_ CxIR x EF xED
N BW x AT

ADD 3
where, ADD represents average daily dose (mg/kg-day) and other pa-
rameters are described in Table 1.

3. Results and discussion
3.1. Distribution of PV studies

The yearly projection of reviewed records for PV panels under
various research themes is depicted in Fig. 5. The publication trends for
5 research themes can be divided into two stages. In the first stage (i.e.,
the first half of the study period between 2000 and 2008), it can be
argued that the research topic was undergoing an evolution period
resulting in an inconsistent growth and no significant publication. In the
second stage (i.e., post-2008 period), the research activity began to rise
substantially. LCA and recycling of PVs topics were widely studied
among all the categories and with the less number of studies on metal
leaching. Topics related to EoL PV panel’s management and their im-
pacts on environment are the fastest growing research subjects, although
the number of studies has fluctuated between 2010 and 2017. Also, a
peak of 5 EoL PV articles can be observed in 2015. Most of the PV studies
in various categories are done after 2010 as the current quantity of waste
PV panels is still fairly small. In this direction, a significant increase in
number of studies can be anticipated in the coming decade. Before 2010,
a fluctuating trend can be seen with negligible number of studies rele-
vant to EoL PV disposal and its impacts. A discussion on the yearly
distribution of PV studies is presented in detail in Section 1 of Sup-
porting Information document. The findings of this exercise are helpful
in: (1) helping readers to interpret the PV literature specific to different
research categories; (2) encouraging researchers to be extremely explicit
about the assumptions, techniques and framework employed with the
aim of providing input towards policy/regulation making for EoL PV;
and (3) providing a single platform to risk assessors and policy makers
for toxicity assessment of PVs by reviewing the compiled data on metal
leaching for EoL PVs.
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Fig. 5. A temporal trend of records/articles selected for content analysis.

3.2. Category-wise literature review to synthesise data

The contents of selected articles under five research themes were
analysed with the aim to get information/data on metal composition,
leached metal concentration from silicon and thin-film PVs. A summary
of various category-wise review (including book chapters/case/theo-
retical studies) and research studies (metal leaching with details on
experimental conditions) is presented in Table S2 and Table S3 of the
supporting information document. The inputs and understanding ob-
tained from these studies is given in following sections as per theme-
wise:

Theme #1: End-of-life waste solar PV panels.

This section considers the articles focused only on ‘EoL solar PV’
which refers to the spent or waste solar panels after their operational life
or post-consumption phase. The search for keyword, ‘End-of-life waste
solar PV panels’ resulted in 2492 records. The records were screened to
remove non-relevant records by assessing the title or keywords leaving
1283 records and after screening out of other category records i.e. LCA,
recycling, leaching and environment impact assessment (EIA) leaving
139 full-text records for further assessment (Fig. 2). Abstracts of these
records were screened analysed, which involved excluding the studies
related to PV waste generated in upstream, manufacturing and recovery
stage, leaving 51 records for detailed investigation in order to find in-
formation on metal leaching and risk assessment. From 51 selected
studies, 19 studies were scrutinized in detail for the identification of
contribution/key findings towards risk assessment.

As seen in Fig. 6, crystalline Si-PV have been widely studied followed
by thin-film technologies, i.e., CdTe and CIGS. Moreover, there has been
less interest in articles studying Organic and Perovskite solar PVs, since
they are still in development stage with small market share at present. If
the trends of published studies (important one’s) are analysed
geographically, Europe is at the first place in leading research on this
topic with equal articles published for both technologies followed by
North America. From Europe, Italy contributed 13 EoL PV publications
followed by Spain with 4 publications, Belgium with 2 publications and
Netherlands, Norway and Germany with one publication each, whereas,
Asian countries contributed few publications for thin-film PVs in the
studied period. Most of the studies done in last 15 years have focused on
future quantification of PV waste streams and analysed the EoL man-
agement options [18,19,35-39]. Except Cyrs et al. (2014), no other

study has done risk quantification for PV disposal [40] (Table S3). The
Cyrs et al. (2014) used screening-level risk assessment tool, the Delisting
Risk Assessment Software (DRAS) for computing human health risk due
to disposal of CdTe PV modules [40]. However, the main limitation was
non-representative selection of Cd concentration for the purpose of risk
analysis. There is no such study which provides a comprehensive over-
view or compilation of data on leaching rate constant of PV metals for
determining their fate and transport in environment and toxicity
quantification.

Theme #2: Solar PV Module Recycling.

In this section, studies were limited to recycling of spent solar panels
only, articles related to PV waste generated during manufacturing pro-
cesses such as silicon containing etching solution, sawing slurry, silicon
scrap/waste etc. were not included. The search for keyword, ‘Solar PV
module recycling’ resulted in 1731 records, leaving 1095 full-text re-
cords for assessment after exclusion of records related to other themes.
The approach for records screening, selection and assessment was fol-
lowed similar to that followed in theme 1 (EoL). Unrelated studies were
excluded resulting in 104 studies specific to subject ‘Solar PV Recycling’
and of these, 23 studies were selected for detailed investigation. Fig. 6
shows the geographical distributions of studies for last 2 decades.
Recycling studies are maximum for crystalline Si-PVs, whereas, publi-
cations for a-PV are less as compared to other thin film PVs. Thin-film
technologies are mostly studied in European countries followed by
Asia and North America. Germany is the country with largest number of
research studies in Europe, whereas, in case of developing countries, like
Brazil, Algeria, contributed most of publications on Si-PVs in last 2 de-
cades. Research on silicon scrap/waste recycling has been contributed
by Asian countries only. Various studies provided quantitative basis to
support the profitability of PV recycling, and suggested future directions
for public policy makers [41-44]. Experimental studies for recovery and
recycling of EoL PVs provide data on the metal compositions in terms of
weight %, mg of metal per gm of PV, gm/m?% mg/KWp (shown in
Table S3 of SI).

Theme #3: LCA Solar PV modules.

Articles specific to LCA of PVs are focused by searching with
keyword, ‘LCA Solar PV modules’, which resulted in 657 records, leav-
ing 583 full-text records for assessment after exclusion of other category
related articles. Unrelated studies were excluded resulting in 101 studies
specific to subject and of these, 9 studies (review/theoretical mainly)
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Fig. 6. Geographical distribution of solar PV studies category-wise.

were selected for detailed analysis for the identification of contribution
and inputs towards risk assessment. Most of the research in Europe
focused on Si-PV technology, followed by Asia and North America.
Studies on thin-film like CdTe and CIGS have been mostly done in Eu-
ropean countries only, with minimal contribution from Asian regions
(Fig. 6). Research activities on LCA of OPV, CZTS, PERC and Perovskite
solar cells have been mainly done in North America and Europe. In
Europe, maximum number of publications are contributed by Italy,
Spain, Germany, Belgium, Netherlands, and Greece with 9, 7, 4, 4, 3 and
2 records, respectively. The United States contributed 16 publications
while Asian countries contributed 19 publications, with usage of
modelling and simulation methods in studies. The majority of the arti-
cles highlighted the environmental impacts of PV technologies using
indicators such as GHG (greenhouse gas) emissions and EPBT (energy
payback time) and energy flow [45-54]. With respect to the type of PV, a
significant number of articles focused on crystalline Si-PV rather than
CdTe PV technologies. The major gap identified from review of these
studies is that most of them are subjected to the assumptions and narrow

scope of study. . The factors that directly affect the outcomes of the
study, needs to be comprehensively studied and a cradle-to-grave
framework for PV products is required.

Theme #4: Metal leaching solar PV panels.

In this section, the keyword, “Metal leaching solar PV panels” search
resulted in 172 published articles (2000-2018), which were screened to
leave 29 articles (1 review study and 19 experimental studies) at the end
as per screening criteria shown in Fig. 2. CdTe is most studied PV type,
with 14 publications, probably due to the presence of hazardous metals
like Cd & Te (as seen in Fig. 6) [55-63]. Most of the studies are done post
2015 with only one publication before 2010. Among thin-film PVs, a-PV
is least studied because of their declining market share [55,64]. Alike
other research themes, Europe has maximum number of publications
with Perovskite/OPV and CIGS having 8 and 7 publications, respec-
tively. There have been two research studies on Pb-free solder waste in
South Korea [65,66]. The one selected review study has emphasised on
fate and effects of OPV in the environment during use-phase (e.g. UV &
biodegradation) and EoL phase (e.g. incineration & waste disposal)
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[67]. This study highlighted the EoL management side concerning the
leaching of substance, though intact solar cells during their use phase
have not been shown to be problematic.

Theme #5: Emissions and Environment Impact Solar PV.

This section focused on studies relevant to emissions and environ-
ment impact of solar modules. The keyword ‘Emissions and Environ-
ment Impact Solar PV’ search resulted in 3748 records which were
screened to result in 37 articles for content analysis by following the
same approach as followed in other research themes. In total, Europe
having 33 studies, North America having 29 Studies and Asia have 19
publications only. From 14 final selected articles, Si-PV is most studied
and Europe is again in the topmost of countries leading the research on
this topic. In Europe, Netherlands is having maximum studies followed
by Spain. Apart from Si-PV and thin-film PVs, other PV studied are
GalnP/GaAs, quantum dot photovoltaics, perovskite and CIS. There
have been few studies which have focused on metal inventory emissions
like cadmium or lead [68-70]. Also, none of the studies have focused on
determining the toxicity potential of leached hazardous metals and risk
assessment. Bakhiyi et al., 2014 outlined the overview of absorption,
distribution and excretion of Pb and Sn compounds in the human body
and showed data gap in the literature for providing the comprehensive
picture on toxicity [71].

3.3. Contribution of research categories towards risk quantification

From review of 45 EoL PV studies, 8 studies highlighted the toxicity
exposure. Out of these 8 studies, only two studies have provided infor-
mation on initial metal content and risk assessment. From 99 studies
selected on solar PV recycling, 15 studies have considered the envi-
ronmental impact aspect/metal composition whereas 6 studies focused
on policy regulation for recycling of EoL PVs. The main contribution
from recycling studies is the provision of initial metal content data. From
LCA studies, no study has provided input towards risk assessment as
most of them focused on impact assessment. A review of research section
focused on metal leaching from solar PVs provided maximum input on
leaching information (discussed in detail in later sections). The review of
studies for the last category (environment impact and emissions) indi-
cated that most of the studies have focused on GHG emissions and EPBT.
The contribution of research done till date on the basis of parameters
(IMC, leached metal concentration, risk quantification and regulation/

policy making) is shown in section 2 of the Supporting Document.

3.3.1. Initial metal concentration in PVs

The maximum input obtained from review was towards the material
composition of solar PVs. In terms of PV types, 15, 14, 15 and 8 studies
provided metal compositions for ¢-Si, CIGS, and CdTe and a-Si PV
modules, respectively (Fig. 7). Initial metal concentrations, wherever
not reported, were calculated using the assumed normalisation param-
eters, compiled from available literature. The average IMC for four PV
types, is shown in Table 2 and discussed briefly below:

e In Si-PV, Si and Al have the major share in terms of weight per-
centage, followed by Cu, Fe and Zn as per the characterisation done
by 16 studies. Maximum concentration of metal-of-concern, Pb, was
observed to be 4.02 mg/PV panel or 0.689% in a typical crystalline
Si-PV [52]. Pb is mainly present in solder ribbons in order to connect
the first and last cell of the module with the module box.

In CIGS PV, Al, Cu and Se have the highest concentrations with
values of 45.73, 35.23 and 21.55 (average weight %), respectively. In
and Ga possess to have apoptotic, and carcinogenic properties if
present in compound form [81,82]. In and Ga were found to have a
share of 13.14% and 2.4%, respectively in metal composition of CIGS
modules.

In CdTe PV, Cu, Te and Cd have high share of metal composition as
compared to other metals. Cd and Cu have been shown to be highly
toxic for aquatic organisms [83-85]. Cd metalloid is a known
carcinogen that has a stringent maximum contaminant level (MCL)
of 0.003 mg/L in drinking water. Most of the leaching studies have
focused on only fate of CdTe modules in various environmental
matrixes.

Al (20.80%), Fe (3.32%), Si (1.45%), and Cu (0.502%) metals were
observed to be mostly characterised in case of a-PVs. However, there
have been less number of studies for a-PV as their market shares have
been observed to decline in previous years.

Table S3 shows the findings of various leaching studies with details
on experimental conditions and initial metal content values. The third
category, i.e., solar PV recycling, provided maximum data/information
on initial metal content/material composition of PVs. For characterisa-
tion and analysis of PVs, researchers followed acid-digestion of mm
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Summary of initial metal concentration (weight %) for carcinogenic/hazardous and non-carcinogenic metals present in c-Si, CIGS, CdTe and amorphous Solar PVs.

Carcinogenic/Hazardous Metals

Non-Carcinogenic Metals

Ag As Cd Cr Pb Se Te Al Cu Ga In Mo Si Zn Reference
Si PV
0.06 0.1 20 1 3 [49]
17.5 1 2.9 [2]
0.005 0.1 10 0.8 0.005 5 0.15 [87]
0.058 0.005 16.5 0.73 0.791 0.1 [88]
0.006 0.1 10 0.6 3 [89]
0.17 0.06 10.3 0.57 3.35 0.07 [51]
10.3 0.3 3.48 [55]
4.536 15.119 0.216 60.475 9.719 [50]
1.4 0.14 0.1 0.15 98 [53]
1.233 0.689 98.078 [52]
0.005 0.06 10.3 0.57 3.35 0.12 [32]
0.024 0.007 0.024 8.17 4.654 0.007 0.007 0.018 13.486 0.024 [12]
0.01 0.01 1.42 31.7 0.34 [60]
0.01 27.87 72.113 [58]
1.994 98.006 [61]
17.5 1 2.9 [90]
CIGS PV
43.1 26.04 4.8 26.28 0.02 [65]
0.01 0.01 0.01 0.01 0.12 0.04 [2]
0.01 0.1 0.3 8 0.8 0.02 0.05 0.12 [87]
0.034 0.025 0.222 0.027 0.018 0.077 0.012 0.044 0.126 [69]
0.171 0.057 8.58 0.284 0.057 0.028 0.057 0.057 [31]
0.556 0.093 3.798 6.77 0.324 8.893 2.316 7.457 [67]
0.001 0.05 0.03 12 0.8 0.01 0.02 0.12 [32]
0.751 5.09 20.51 2.84 8.52 [74]
0.001 0.03 [91]
0.001 0.015 0.012 0.013 0.042 0.024 [58]
2.382 0.232 4.611 0.114 7.04 0.765 2.928 4.896 0.173 [56]
0.016 0.007 0.007 0.013 0.013 0.023 0.002 [61]
0.762 0.229 91.463 6.479 0.152 0.915 [92]
CdTe PV
0.05 0.06 [66]
0.08 0.07 0.03 [2]
0.01 0.08 0.01 0.08 0.9 0.05 0.02 [87]
0.12 0.018 0.004 0.12 0.09 3.01 0.301 1 [31]
0.038 11.387 12.151 5.69 9.935 [67]
0.04 0.009 0.051 [74]
0.07 0.07 0.35 1 0.01 [32]
0.05 0.06 [59]
0.082 0.068 0.004 0.029 0.003 [58]
0.05 0.05 0.01 31.2 0.11 [60]
0.066 0.072 [61]
2.099 0.46 0.058 0.029 17.625 0.029 7.332 0.058 [79]
0.055 0.04 0.01 [80]
0.038 12 0.1 0.03 12 0.85 0.02 0.12 [92]
Amorphous-Si PV
17.5 1 2.9 [2]
0.1 10 0.5 0.002 0.1 0.1 [87]
0.05 0.081 0.038 0.12 0.021 [69]
0.005 0.001 0.006 41.6 0.899 0.012 0.003 [31]
0.028 0.003 0.253 0.077 [69]
0.035 0.9 0.5 0.006 [32]
0.002 0.004 0.051 0.006 [58]
0.1 10 0.1 0.1 [92]

NP: Not Present; Maximum and minimum concentration values of metals are bold and underlined respectively.

sized PV pieces at room temperature to 500 °C [50-54,56,59]. Also, as
seen from Table 2, there is a wide variation in reported IMC values for
various metals and thus, there is a need for more such characterisation
studies. The statistical characterisation of IMC values, in terms of 90%
confidence interval values, 99th percentile values and distribution pa-
rameters are presented in Table S4 of SI. Further, cumulative distribu-
tion functions of these metals are shown in Fig. 8.

3.3.2. Leached metal concentration from PVs
Table 3 shows the summary of leached metal concentrations (mg/1)
from various PVs along with the leaching experimental conditions

10

followed in different studies. It was observed that CdTe PV has been
studied most followed by CIGS, c-Si and a-Si PVs [58-61,66,67,73-75].
Few studies investigated the long-term leaching behaviour of PVs for
days and months [55,72,74]. There is only one study [67] which has
studied the leaching for one year, however, this study do not provide any
information about toxicity potential of leached metals and their rate
constants. More such studies are required for determining the leaching
rate constants of solar PV-associated constituents under various expo-
sure scenarios. Also, in most of the studies (>80%), millimetre sized PV
samples were used for leaching experiments. Studies with bigger size
pieces of PVs are required in order to obtain LRC value in representative
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Fig. 8. Distributions of initial metal concentration in Si-PV (a), CIGS (b), CdTe (c) and Amorphous PV (d).

field conditions. In this direction, Collins and Anctil (2017) investigated
the leaching behaviour of CIGS and CdTe PVs under modified TCLP and
WET hazardous waste characterisation methods [68]. Similar studies are
required in future for assessing the feasibility of current waste charac-
terisation methods for characterising the hazardous nature of PV waste.
In order to understand the fate of EoL PVs in environment, more
research is required on metal leaching from PVs with simulating the
disposal in realistic environment scenarios, so that values for metal LRC
can be obtained. From currently available research studies, findings of
only few studies have been helpful as only final leached metal concen-
tration values has been reported irrespective of the data points along the
time interval of leaching. In terms of PV type, Si-PV, CdTe and CIGS PVs
have been studied maximum under all research categories rather than
other PVs, like OPVs, GaAs, Perovskites and CIS. Still, more studies are
required to assess their leaching and toxicity behaviour under different
environmental settings.

3.4. Reported and calculated leaching rate constants

The published graphs (leached metal concentration vs. time) from 11
studies were used for the purpose of leaching rate constant (Kq, per day)
calculation, out of which only two studies have reported Kq values [66,
76]. For estimating Kq values from published graphs, a total of 5-15 data
points were extracted (using GetData software) to derive a consistent
slope for calculating rate constant value. The leaching studies were
divided into following 4 matrix categories under 5 PV types: (a)
water-based leaching solutions with pH 3-11, (b) acid-based leaching,
(c) TCLP and WET, and (d) landfill-based leaching in stimulated
leachate. Maximum number of studies had focused on leaching of metals
in water-based solutions with wide pH range and investigated the haz-
ardous nature of PVs by performing TCLP and WET waste characteri-
sation methods. There were only few studies which focused on
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investigating the fate of PVs under landfill conditions. Landfill leachates
contain a broad range of organic and inorganic pollutants that could
potentially enhance corrosion, resulting in the release of highly toxic
metals [86]. The bio-geochemical conditions prevailing during the
different stages of a landfill, such as acidic phase of a young landfill or
methanogenic phase of a mature landfill can potentially affect the
release of the soluble toxic compounds from decommissioned damaged
PV modules. This would depend on the amount of PV panels disposed,
panel design, panel fragment size, climatic conditions, landfill man-
agement and design, etc. Moreover, these leached hazardous com-
pounds into the landfill could impact the biological activities of
microorganisms which help in degrading the organic fraction of waste
[66]. Thus, studies of mm-sized PV pieces in water-based solutions do
not represent the realistic leaching scenarios.

There were only two studies which investigated the leaching po-
tential of PVs (CdTe and GaAs) in solutions stimulating the landfill
leachate. The first study investigated the leaching of Ga and As from 1 to
2 mm GaAs sample pieces in the sodium bicarbonate solution (pH-7.6;
simulating landfill leachate) for 120 days [24,66]. The As released from
the GaAs particles were about 2.6-2.8-fold higher than the regulatory
limit (5 mg/L). In the second study, CdTe thin-film solar cell was sub-
jected to TCLP and WET tests and to a continuous-flow column test to
assess Cd and Te dissolution under simulated acidic and the methano-
genic phases of MSW landfill. In column study of 30 days, 73% of the Cd
and 21% of the Te were observed to be released for acidic landfill phase,
indicating a need for investigating the leaching potential of decom-
missioned CdTe PV panels further [24]. These findings suggest that
further research is needed to evaluate the potential release of toxic
metals from PV waste in municipal landfills.

The analysis indicated that the leached metal values were found to be
high for Cd, Mo, Se and much lower for In followed by Zn and Ag among
the considered metals. However, it is a matter-of-concern that observed
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Table 3
Summary of as reported and/or calculated Leaching Rate Constants for various metals (values corresponding to model fit R%>0.75 is shown as underlined).
Metal  Leached Metal Leaching Leaching Leaching R? Model Leaching Experimental Conditions Reference
Duration Rate Rate matrix/pH
Constant®
mass units time  units (leached per day
metal)/day

Silicon PVs and Pb-Free Solder Waste

Water-based Leaching Solutions with pH 3-11
Pb 0.45 mg/1 360 days 0.0013 0.001 0.6004  exponential 3 Temp: RT; Leaching Solution: Water-based ~ [67]
0.07 mg/1 0.0002 0.002 0.62 11 solutions having pH 3, 7, 11 (1 L); Leached
metals form: Ionic Agitation: No; Analysis:
ICP-MS; Sample size: 5X5 cm2; size 0.2 mm

Pb 40 % 56 days 0.714 0.003 0.8182  exponential 3 Temp: RT; Leaching Solution: Water-based [74]
0.1 0.002 0.0414 0.8006 8.4 solutions having pH 3, 7.8, 8.4 (2 L);
Ag 1 % 0.018 0.0221 0.7757  exponential 3 Agitation: Yes; Analysis: ICP-OES, AAS;
0 0 0.016 0.7766 8.4 Sample: 0.2 mm size
Acid-based Leaching
Ag 313.7 mg/1 400 min 1129.32 0.0174 0.3475  exponential 1 Leaching solution: HNO3 solution (200 [78]
Cu 81.7 mg/1 294.12 0.0039 0.4641  exponential 1 dm3); Agitation: 400 rpm; Sample: 2gm;
Size: 125pum; Temp: 90°C
Cu NA NA 60 min NA 0 NA NA 2 Particle Size: 450 and 600 pm; Sample: 1 [64]
Al NA 1.01 NA NA 2.6 gm; Leaching Solution: mixture of 13.1

mol/L HNO3 (60 mass%) & 11.7 mol/L HCI
(36 mass%), 1 L; Agitation: 250 rpm;
Analysis: ICP, XRD, SEM; Temp:30C

TCLP and WET method-based Leaching

Cu 22 mg/1 30 days 0.733 0.1128 0.903 exponential WET WET and TCLP; Modified TCLP (M.TCLP) [68]
95 3.167 0.0704 0.9088  exponential ~ TCLP and WET(M.WET): Leaching for 30 days,

Pb 22 30 days 0.733 0.0251 0.934 exponential ~ WET 60 and 70 days duration with variations in
50 30 1.667 0.006 0.9712  exponential ~ TCLP acidity, maximum particle size, and fluid-

to-sample ratio are investigate
Landfill-based Leaching in Leachate

No study
CdTe PV
Water-based Leaching Solutions with pH 3-11
Cd 18.61 mg/1 360 days 0.052 0.006 0.9588  exponential 3 Temp: RT; Leaching Solution: Water-based  [67]
1.25 0.003 0.003 0.955 7 solutions having pH 3, 7, 11 (1 L); Leached
0.02 0 0.003 0.9316 11 metals form: Ionic Agitation: No; Analysis:
Te 2.92 mg/1 0.008 0.003 0.9738  exponential 3 ICP-MS; Sample size: 5X5 cm2; particle size
2.75 0.008 0.004 0.9079 7 0.2 mm
0.1 0 0.002 0.8778 11
Ccd 55 mg/1 70 days 0.786 0.0286 0.986 exponential 4 Temp: 20 to 25°C; Matrix: citric acid-based ~ [77]
3.3 0.047 0.0103 0.9504 6.9 buffer solutions with pH values of 3, 4, 5, 6
0.17 0.002 0.0371 0.9768 10 and DI, 150ml; Sample: 50 mm squares
(broken & unbroken) (5 pieces per jar)
Ccd 50 % 56 days 0.893 0.002 0.862 exponential 3 Temp: RT; Leaching Solution: Water-based  [74]
1 0.018 0.001 0.9587 7.8 solutions having pH 3, 7.8, 8.4 (2 L);
0.1 0.002 0.008 0.9584 8.4 Agitation: Yes; Analysis: ICP-OES, AAS;
Te 40 % 0.714 0.0052 0.9124  exponential 3 Sample: 0.2 mm size
40 0.714 0.0042 0.8892 7.8
40 0.714 0.0027 0.8244 8.4
Acid-based Leaching
Ccd 1112 mg/1 90 min 17792 0.0682 0.9272  exponential 1 Leaching solution: H2SO4 and H202 [59]1
Te 1340 mg/1 21440 0.0037 0.9128  exponential 1 solution (478 ml); Sample: 1.17 gm
TCLP and WET method-based Leaching
No study
Landfill-based Leaching in Leachate
cd 3.23 mg/1 30 days 0.108 0.0641 0.8001  exponential  4.67 Panel: 60 by 120 cm, and 14 kg; sample: 1.5 [24]
Te 1.1 mg/1 0.037 0.008 0.8894  exponential  4.67 g of snipped CdTe film and 300 g crushed

glass with size 1.4 to 5.6 mm; Column study
with methanogenic anaerobic granular
sludge; Leaching Solution: 280 ml

CIGS PV
Water-based Leaching Solutions with pH 3-11
Se 0.9 ug 123 days 0.007 0.199 0.9199 exponential 5 Sample: 1.5*3 cm fragments; Temp: RT; [76]
g—1 0.37 0.91 sigmoidal Agitation: 130 RPM; Analysis: ICP-MS;
2.8 PV 0.023 0.0161 0.9376 exponential 7.9 Leaching Solution: pH 5,7.9, 8.6 solution
1.09 0.996 sigmoidal
10.7 0.087 0.0296 0.9055  exponential 8.6
0.86 0.97 sigmoidal
Mo 949.6 ug 7.72 0.0148 0.8663 exponential 5
g—1 0.94 0.99 sigmoidal
1660.8 PV 13.502 0.0076 0.7124  exponential 7.9

(continued on next page)
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Metal  Leached Metal Leaching Leaching Leaching R? Model Leaching Experimental Conditions Reference
Duration Rate Rate matrix/pH
Constant®
2.27 0.99 sigmoidal
1150.3 9.352 0.0126 0.7262  exponential 8.6
1.54 0.99 sigmoidal
cd 16.7 ug 0.136 0.0178 0.9235  exponential 5
g-—1 0.93 0.98 sigmoidal
9.9 PV 0.08 0.031 0.9083  exponential 7.9
2.48 0.99 sigmoidal
55.4 0.45 0.0276 0.9136 exponential 8.6
3.07 1 sigmoidal
Ag 6.2 ug 0.05 0.011 0.922 exponential 8.6
g—1
PV
cd 30 % 56 days 0.536 0.0026 0.5844  exponential 3 Temp: RT; Leaching Solution: Water-based ~ [74]
1 0.018 0.0081 0.9971  exponential 7.8 solutions having pH 3, 7.8, 8.4 (2 L);
0.1 0.002 0.0066 0.803 exponential 8.4 Agitation: Yes; Analysis: ICP-OES, AAS;
Se 0.1 % 0.002 0.0078 0.9916  exponential 3 Sample: 0.2 mm size
3 0.054 0.0164 0.9219  exponential 7.8
12 0.214 0.0063 0.9798 exponential 8.4
In 1 % 0.018 0.0049 0.8046 exponential 3
0.1 0.002 0.009 0.8846 exponential 8.4
Zn 50 % 0.893 0.0001 0.6078  exponential 3
1 0.018 0.004 0.55 exponential 8.4
Cu 20 % 0.357 0.024 0.852 exponential 3
0.2 0.003 0.018 0.789 exponential 8.4
Acid-based Leaching
No study
TCLP and WET method-based Leaching
Cu 260 mg/1 60 4.333 0.0469 0.9707 exponential WET WET and TCLP; Modified TCLP (M.TCLP) [68]
In 3.5 60 0.058 0.0397 0.9703  exponential ~ WET and WET(M.WET): Leaching for 30 days,
cd 3.5 70 0.05 0.0178 0.9226  exponential ~ M.TCLP 60 and 70 days duration with variations in
3 70 0.043 0.0321 0.9307 exponential M.WET acidity, maximum particle size, and fluid-
Pb 3.3 60 0.055 0.032 0.9753  exponential  TCLP to-sample ratio are investigated
Se 1.6 60 0.027 0.0431 0.9818 exponential TCLP
0.3 70 0.004 0.053 0.9224 exponential M.WET
1.7 70 0.004 0.0281 0.9498  exponential ~ M.TCLP
Landfill-based Leaching in Leachate
No study
OPV and GaAs PV
Water-based Leaching Solutions with pH 3-11
Ag 3.13 mg/1 6 month  0.522 0.0143 0.9385  exponential 5 Damaged Ag-OPV of 0.46 m2 simulating [70]
In 0.18 0.03 0.014 0.9632  exponential 5 severe mechanical stress (prolonged

exposure to hail, wind, thermal stress etc.;
total rainfall in 6 months was 446.8 L/ m2

@ Reported leaching rate constants values written in bold; NA: Not available; NR:

high leaching rate values of Cd (0.786 mg/L-d), As (1.2 mg/L-d), and Pb
(1.667 mg/L-d) might lead to contamination of water, exceeding to their
respective WHO drinking water standard values. Although these values
have been calculated for extremely harsh environmental conditions,
such as acid leaching, small duration and sample particle size in milli-
metres. Considerations should be given for studying their toxicity and
leaching behaviour under environmentally-relevant conditions. In this
direction, the Nover et al. (2017) studied the leaching of metals from
four 5 x 5 cm? different PV pieces in representative environmental
conditions [67]. The calculated K4 values for Cd and Te were found to be
smaller than that obtained from other studies, possibly may be because
of bigger sample size and absence of agitation. Such representative
studies are required in future for estimating leaching parameters which
can be used for waste categorisation and policy formulation.

Table 4 provides the compiled range of IMC and LRC which can be
used in exposure assessment and risk quantification. The LRC values
were further subdivided into two categories: (a) Leachate matrix and (b)
other matrixes, such as water, acid and standard method-based leaching
solutions. IMCs and LRCs were provided for 21 metals present in five
types of PVs along with their carcinogenic potentials, whereas, data for
remaining metals were reported in histographical form and cannot be
used for extracting data points for estimating rate constant. Fig. 9 shows
the calculated LRC in different leaching solutions, acidic (1-6.5); neutral
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Not reported; ND: Not determined.

(6.5-7.5); alkaline (7.5-11) and landfill leachate (4.7-7.6). Most of the
leaching studies have been done for water-based leaching solutions.
Maximum LRC was observed for Se, i.e., 0.199 per day from CIGS PV in
acidic conditions [76]. In case of Cd, highest LRC value was observed to
be 0.0641 per day from CdTe panel in leachate stimulating conditions
[24]. The hazardous metals, such as Cd, Mo and Se present in CIGS
panels, leached maximum in alkaline and neutral solutions. Acidic so-
lution showed leaching of various metals, such as Al, Cu, Se, Cd and Mo.
As seen in Fig. 9, there have been minimal studies for leachate stimu-
lating conditions. As and Ga do not show any leaching in leachate-based
solution, whereas leaching rates for Cd and Te in leachate conditions
were observed to be 0.0641 and 0.008 per day, respectively [24,66].
Largely, the LRC values calculated in present study are for leaching
solution simulating acidic conditions, with minimal in other conditions.
Thus, there is a need for conducting studies using leachate-based con-
ditions to obtain data for investigating fate of EoL PV in MSW landfills.

LRC (from Table 4) can be applied to find leached metal concen-
trations in mainly water-based matrixes, which can be further used for
estimating exposure point concentration in different environmental
matrixes. From the metals stated, As, Pb and Cd are known carcinogens,
representing the largest environmental and health risks, even though
they represent <1% of the total mass of PV panels. Pb leaching is pri-
marily linked to crystalline silicon PV modules when exposed to low pH
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Fig. 9. Values of leaching rate constants, LRC for different leaching solutions and photovoltaics of metals whose data was not found to be sufficient for enabling firm

conclusions to be drawn about leaching rate constant.

Table 5

Calculated LPI values for Okhla landfill (LPI) and Okhla landfill hypothetically dumped with EoL solar PV (LPI’).

Parameter/ Significance Pollutant LPI: Landfill Leachate (Baseline) LPT’: Landfill Leachate + Solar Leachate
Pollutant weight, Wi Conc, Ci Sub Index Landfill Leached metal conc. Total C*i= (Ci Sub Index Landfill +
Value, Pi WiPi from solar panel at Tgq + C’1) Value P’i Solar WiP’i
pH 3.51 0.06 7.90 5.00 0.28 NA 7.90 5.00 0.28
TDS 3.20 0.05 11,135.00  30.00 1.50 NA 11,135.00 30.00 1.50
BOD5 3.90 0.06 1848.00 38.00 2.32 NA 1848.00 38.00 2.32
COD 3.96 0.06 4560.00 65.00 4.03 NA 4560.00 65.00 4.03
TKN 3.37 0.05 53.30 5.00 0.27 NA 53.30 5.00 0.27
Ammonia 3.25 0.05 29.50 5.00 0.26 NA 29.50 5.00 0.26
nitrogen
Iron 2.83 0.05 6.51 5.00 0.23 5.859 12.37 5.00 0.23
Copper 3.17 0.05 0.26 5.00 0.25 0.234 0.49 6.00 0.30
Nickel 3.32 0.05 0.17 5.00 0.26 0.153 0.32 6.00 0.31
Zinc 3.59 0.06 0.56 5.00 0.28 0.504 1.06 5.00 0.28
Lead 4.02 0.06 0.11 5.00 0.32 0.099 0.21 7.00 0.44
Chromium 4.06 0.06 0.75 6.00 0.38 0.675 1.43 10.00 0.64
Mercury 3.92 0.06 0.07 7.00 0.43 NA 0.07 7.00 0.43
Arsenic 3.89 0.06 1.50 5.00 0.31 1.350 2.85 10.00 0.61
Phenolic 3.63 0.06 1.90 5.00 0.29 NA 1.90 5.00 0.29
compounds
Chlorides 3.08 0.05 0.05 5.00 0.24 NA 0.05 5.00 0.24
Cyanide 3.69 0.06 1.10 10.00 0.58 NA 1.10 10.00 0.58
TCB 3.29 0.05 500.00 60.00 3.12 NA 500.00 60.00 3.12
Total 63.17 1.00 15.32 16.11
LPI value 15.32 16.11

Metal contributed from solar PV waste is highlighted in bold. All values in mg/1, except pH and total coliform bacteria (TCB); TCB unit: cfu/ml. NA: Not Available.

condition, such as acid rain. Cd with biological half-life of 30 years, is a
heavy metal with high accumulation potential in living organisms. On
an average, 4.60 gm of Cd is present in an CdTe panel with average
weight 12 kg, therefore, it can leach up to 0.32 gm/panel [79]. Also, the
amount of Pb present in c-Si modules is approximately 0.67%, which is
more than that of Cd in CdTe modules (0.05%). Furthermore, the
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potential for Pb leaching varies from 13% in conditions of pH 6-7 to
90% at pH 3-4, presenting values much higher than that expected for Cd
(29% and 40%, respectively) [2]. There have been limited studies for As
leaching from various PVs, being the classified carcinogen to humans.
More studies are required in order to determine the leaching rates of As
and Cd and further investigate their fate and transport in environment
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Table 6

Identified knowledge gaps and suggested future research actions.

Renewable and Sustainable Energy Reviews xxx (xxxx) Xxx

Gap type

Issue/relevance

*Possible future research actions and/or Reference of study whose
methodology can be followed

Leaching method
Acid Leaching

Standard Waste
Characterisation
Methods

Metal loading
Size Reduction

Metal release

Metal analysis and
techniques
Analysis methods

Release of nano-
particulate species

Metal composition
in PV

Reporting of
normalisation
parameters

Initial metal content

Leaching experimental
conditions

Leached metal
concentration at
intervals

Long duration leaching

Leaching matrix

PV Technologies
Studies with new PV
technologies
Nanoparticles and
organic polymers
Toxicity Potential

Applicability of acid leaching for PV is still questionable as highly acidic
conditions will not occur in realistic environmental conditions.

As standard waste characterisation methods i.e. TCLP, WET, ASTM, SPLP,
etc. follow the rigours leaching procedures with sample size in range of <5
mm, their applicability for toxicity assessment of PV waste having intact
structures after EoL is uncertain and debateful.

Reduction to a size of mm of EoL PV dumped to landfill is not feasible
without external mechanical means.

Metal release from PVs without glass breakage and EVA dissolution may
not be possible in general environment scenarios.

Techniques with low detection limits like AAS can give error with samples
having metals in ppt.

Some elements could be leached in nano-particulate form which needs to
be quantified.

Insufficient data for unit conversion of reported metal content i.e. (kg/
MWp) or content weight percentage to other units.

Metal composition of studied PV needs to be quantified along with the
metal concentrations in final leachate for determination of leaching
efficiency.

Mostly metal concentration in final leachate is reported. Concentration at
regular intervals during the course of leaching period needs to be provided
for leaching rate constant calculation

Short duration leaching of minutes/hours is questionable as it doesn’t
represent the realistic leaching in different environmental matrixes
Leaching in extreme acidic and basic solutions doesn’t stimulate the
environmental conditions.

If data is viewed closely, studies are based on PV systems of the late
eighties, with only minor recalculations

Studies have discussed the components of PV and probability of release of
metal components into the environment during EoL phase
Comprehensive overview of hazardous compounds are studied.

Leaching studies with environmental representative solutions having pH
in range of 4-9 are required; Zimmermann et al., 2013

Suitability of standard waste characterisation methods for PV waste needs
to be evaluated by varying the experimental conditions in the possible
variable range; Collins & Anctil 2017

Leaching experimental designs with larger sized PVs (cm) with the entire
module structure remained intact is required for studying the fate of
directly dumped PVs in environment scenario; Nover et al., 2017

As few metals with initially low content in PV module, could be leached
with low concentrations. So, Sophisticated techniques like ICP-MS/OES
etc. with high accuracy are required for analysis. Also, few elements could
be leached in nano-particulate form which needs to examined; Zapf-
Gottwick et al., 2015

Leaching studies while focusing on investigating the after leaching metal
analysis, information regarding the initial metal composition, geometry of
the studied PV are required. Also, the normalisation parameters for
converting initial metal composition and leached metal concentrations to
other units need to be reported.

Long-term studies of months and years with real landfill waste and
leachate are required with monitoring of leached metals at regular
intervals. Studies stimulating landfill and leachate conditions will aid in
investigating the fate of real dumping of EoL PV modules which can occur
in case of lack of policy or regulation violation.

Investigations on leaching and fate of EVA and organic polymers from
well-established along with emerging PV technologies like OPV, CIS
Perovskites, GaInP/GaAs needs to be done in order to assess the toxicity
potential and environmental hazard of the future technologies.

Suggestions/actions required immediate consideration and investigation are highlighted in bold.

on PV dumping.

In present study, there are few limitations in estimation of rate
constants and their usage: (1) assumed values for initial metal concen-
tration; (2) less number of data points for some of the metal concen-
tration plots; (3) lower value of coefficient of correlation for the fitted
model; (4) unrealistic nature of leaching solutions (highly acidic, i.e., pH
1- pH 3) which do not represent leaching conditions in environment; (5)
non-similarity of leaching experimental conditions in various studies
(particle size from millimetres to centimetres; temperature variation
from 20 °C to 550 °C); (6) type of study (batch and column). In order to
overcome these limitations, more EoL solar PV-based metal leaching
studies need to be conducted under realistic environmental conditions.
At present, the compiled data is inadequate for exposure and risk
assessment due to stated limitations. Also, the estimated rate constant
values have been calculated for different environmental conditions and
cannot be applied for a single exposure scenario. Comprehensive in-
depth research studies on leaching behaviour of solar PV’s metals are
required for informing risk assessors, policy makers, and for achieving
the safety and energy requirement interests simultaneously. Irrespective
of various PV types (GaAs, OPV, CIS etc.) available in market, mainly
four PV types (first and second generation technologies) were consid-
ered in present study for IMC and LRC compilation as they have been
mostly used worldwide. These PVs have been installed from late 1990’s
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and are near to their EoL stage. Also, at present, IMC for other PVs are
not available in literature as these PVs have been less studied for recy-
cling perspective. In the present study, few assumptions were made or
values from literature were used for estimating values of IMC and LRC,
wherever, these information were not reported/available. For IMC
compilation, the reported metal concentration values in different units
were converted to weight percentage using certain normalisation pa-
rameters. Whenever the required parameters, like panel weight, panel
area, glass weight percentage etc. had not been provided, they were
taken from the published articles. If these parameters were to be
changed, there would be a minimal effect on final weight percentage of
metal as the range of a parameter does not vary widely. However, this is
not the case with LRCs. There is an uncertainty with calculated LRC
value which can be minimized with more solar PV leaching studies in
future.

3.5. Feasibility of application of compiled IMC and LRC

3.5.1. Estimating LPI of an existing landfill hypothetically dumped with
solar PV waste: a case study of Okhla landfill, New Delhi, India

The LPI approach used for estimating the pollution potential of an
landfill have been used previously in various studies [93-97]. The
feasibility of calculation of LPI using compiled data was assessed by
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Summary of review studies (table
S2) and experimental (table S2) PV
studies research trend (2000-2018)

(figure 2 & figure S1)

Compiled database of leached metal
concentration from PVs and leaching
rate constants in different
environmental conditions (table 3)

Initial metal concentration database |
(IMC) (table 2)

Solar Photovoltaic assisted Leachate
Pollution Index (SPV-LPI) (table 5)

Contribution of existing literature
towards risk quantification of PVs
(figure 7). HHRA for disposal of EoL
solar PV

Identified knowledge/data gaps and
highlighted the required future
research actions (table 6)

Findings from present study

Renewable and Sustainable Energy Reviews xxx (xxxx) Xxx

Researchers &
Academicians

Policy or
Regulation
formulation

Management
of EoL PVs

Risk
Assessors

Application in different domains

Fig. 10. Application of findings from present study in various domains.

considering a case study of the Okhla landfill which is assumed to be
hypothetically dumped with solar PV waste. The values for 16 param-
eters of leachate were obtained from available literature [36,39,40]. The
LPI for Okhla landfill leachate was found to be 15.32 as per all 18 pa-
rameters (Table 5). Values of leached concentrations for seven metals
(Fe, Cu, Ni, Zn, Pb, Cr, As) at Tgg (shown in Table S5 of SI) were added in
the existing landfill leachate concentration values for the calculation of
WiPi. The new LPI’ (Landfill Leachate + Solar Leachate) was found to be
16.11. There is a contribution (ALPI = LPI’ - LPI) of 0.79 or 5.15% from
EoL PV waste to the pollution potential of existing MSW landfill as per
the hypothetical dumping scenario.

The calculated LPI values were found to be exceeding the standard
LPI value,i.e., 7.378 for the treated leachate, as recommended by the
Indian MSW Management and Handling Rules (2000) [98]. The ex-
ceedance of calculated LPI from standard LPI value indicates a cause of
concern and indicates the importance of including this aspect in esti-
mating LPI. The results obtained in this case study shows that the
compiled database can be applied in estimating pollution potential of
solar PV waste in environment and can aid in future research. The
calculated LPI have potential applications in remediation and enforce-
ment of PV waste -related leachate standards.

3.5.2. Human health risk posed by landfill’s leachate hypothetically
dumped with solar PV waste

The human health risk posed by exposure to water contaminated
with leachate was estimated by considering a hypothetical situation of
1:100 dilution of leachate in groundwater. Carcinogenic risk estimates
of lead exposure were found to be higher for adult (9.93 x 10~®) than for
children (1.24 x 10~7). However, both of these estimates were found to
be lesser than one in million value (1 in 10, 00, 000) (Guideline value)
[44,99], indicating that the cancer risk due to Pb was found to be below
the risk threshold under the hypothesized exposure condition. Earlier
studies on risk assessment for exposures of Cd and Pb reported that
population are at risk of exposure to e-waste leachate, materials and
constituents [100-102]. As solar PVs are half-way similar to electronics
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appliances like LED, silicon wafers/chips, etc., they may pose risk to
human health or environment and thus, more research is required for
obtaining realistic values of parameters used in the risk estimation
process. A deeper knowledge of the risks associated with the solar PV
waste is required as the residents living in the vicinity might be at risk
due to hazardous heavy metals.

4. Identified gaps and future directions

It is clearly explicable from the literature review of handling EoL PVs
that current research trend to-date has primarily concentrated around
manufacturing, efficiency and recycling aspect by undertaking LCA and
recycling studies. Table 6 shows the summary of identified gaps and
possible future research suggestions. There is a need to increase research
intensity on understanding the exposure and risk quantification by EoL
PV. Covering these aspects is particularly important as the formulation
of EoL PV waste management policy/regulations are highly dependent
on HHRA and environment exposure estimation. At present, due to small
volume of PV waste and not much discussion of this issue at the forefront
of society, it is difficult to apply actual waste generation data for risk
quantification [103]. However, a potential massive increase in EoL PV
waste is expected to stir up vigorous societal debate on (i) best methods
for handling this type of e-waste and (ii) feasibility of exposures risks to
humans and environment [19]. Even in developed economies, the
recycling and recovery of rare metals from EoL products rarely existed,
except for Ga, Pt [104]. Most critical elements end up in the slag of
smelters or in landfills. Accordingly, efforts should be made to promi-
nently address the gradually increasing EoL PV waste by implementing
high efficient collection and recovery systems [105]. One latest study by
Salim et al. (2019) compiled the drivers, barriers and enablers in the EoL
PV waste management [17]. Another study by same group evaluated
various stakeholders perception on each driver, barrier, and enabler
factor [106]. As per various stakeholders, lack of recycling centres, less
profitability and incentives in recycling, absence of rules, as well as lack
of environmental awareness are few key barriers in safe EoL
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management of solar PVs. Therefore, more such studies focusing on
estimating risk and pollution potential by EoL panels are required in
immediate future for handling of solar PV waste and for policy formu-
lation. In this direction, focus should also be given on another types of
solar PV manufacturing-related wastes. For example, Kerf loss slurry
containing high-purity silicon, and silicon carbide, PEG, acid mixture
liquid waste and other waste slurries generated during manufacturing
process present a major challenge and need to be studied separately in
detail. The identified knowledge gaps from review studies is shown in
Table S6 of SI.

5. Summary and conclusions

This study performed a systematic quantitative literature review of
300 studies from 2000 to 2018 (till January 7, 2019), by categorising
them into five research areas (EoL, Recycling, LCA, Metal leaching and
Environment impact) and two sub-categories (Review and Experi-
mental). From the selected studies under five research areas (Fig. 2 and
Fig. S1), the compilation of information related to initial metal content
and metal leaching from different PV technologies was done for the
purpose of providing data/inputs towards risk assessment and esti-
mating pollution potential of dumped waste along with solar PV waste.
Important findings of this work are presented below:

1. This study highlighted the EoL solar PV concern by assessing their
metal leaching potential, leachate contamination potential, and
subsequently, estimating related risks posed by their disposal. The
trend of studies shows that maximum research in last two decades
has been focused on LCA and recycling. Minimal studies have been
done on fate of EoL solar PV and their impacts on environment
(Fig. 5).

2. The analysis of review studies (Table S2) showed that most of the i)
LCA studies do not account the combined environmental and socio-
economic impacts; ii) recycling studies does not include balance-of-
system in investigation; iii) metal leaching studies are focused on
short-term leaching in acidic conditions; and iv) EoL studies has been
done on Si-based PVs. EoL studies on thin-film PVs and emerging PV
technologies need to be analysed. Review of experimental studies
(Table S3) identified the lack of publications on EoL and metal
leaching-related topics which is required for EoL solar PV manage-
ment in future. Further, the identified gaps and required future
research actions (Table 6) suggests that leaching experiments with
realistic landfills conditions and investigation of applicability of
current waste characterisation tests for categorising upcoming solar
PV waste are required.

3. The information of IMC (Table 2) and LRC (Table 3) is first of its kind
compilation and it is expected to serve as a database for PV recyclers,
manufactures, and risk assessors for (i) improving the existing
technologies without any carcinogenic metals and (ii) encouraging a
thoughtful discussion on EoL management of huge quantity of PV
waste. The range for initial content of Cd and Pb present in solar PV is
0.001-19.84 and 0.0001-5.02 (wt. %), which is a wide variation,
thus, studies using representative sample for recycling is required.
Hazardous metals, like Ga and Se, are less focused by various studies.
The statistical characterisation of IMC (Table S4) presents distribu-
tion of metals present in four PVs, which is useful for estimating the
amount of leached metal and associated risk.

4. The investigation on contribution of existing literature towards risk
quantification showed that only two studies has been done on risk
assessment for disposal of PVs in environment (Fig. 7), which pre-
sents a critical need for more such studies to formulate waste man-
agement regulation in upcoming future. Risk assessment done in
present study for exposure of Pb, showed no cancer risk under the
hypothesized exposure condition, though, provides a baseline for
future ecological and human health risk assessment of PV-associated
carcinogenic metals such as (Pb, Cd, As).
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5. The pollution caused by dumped solar PV waste in MSW landfill, was
incorporated in the LPI estimation process (termed as SPV-LPI;
Table 5) which shows that dumping of solar PVs in a MSW landfill
can increase its LPI by 5.15%. There is a need to revise existing LPI
parameters so that hazardous metals like Cd, In or Ga can be
included.

Despite the significance and necessity of experimental research for
EoL management of PVs at present, theoretical and review studies are
required for presenting the available data/information/research and
highlighting the crucial need of regulation implementation for proper
management of EoL PVs. The presented research trend provides outlook
about required future research actions to researchers. The compiled
composition of 2 PV technologies (Si-based and thin-film based) in terms
of metals and the leached metals concentrations for landfill matrix, acid,
water and leachate-based synthetic leaching solutions provides baseline
and technological inputs for EoL PV disposal risk/exposure assessment.
Estimated solar PV metal associated-LPI could be helpful for ranking of
PV waste in hazardous waste category while establishing policies/
standards for PV disposal and presents a future research agenda for
policy making. Furthermore, this paper identified the following gaps: 1)
gaps in reported data for initial metal concentration; 2) absence of
normalisation parameters for unit conversion for IMC and LMC; 3) lack
of leaching studies under landfill stimulated conditions; 4) lack of re-
ported results for accelerated standard waste characterisation tests; 5)
lack of information on fate of released metals in different environmental
components; 6) lack of rate constants for leached metals; 7) lack of
human health risk assessment studies on leached metals; and 8) lack of
contamination potential of leached metals in terms of SPV-LPI.

Overall, the outcomes from present study are beneficial for solar PV
pollution status, given that there is a lack of studies focusing on EoL solar
PV management. The potential applications of findings from present
study in various domains have been shown in Fig. 10. The provided
metal content information can be used for studying fate and transport of
PV containing metals without using actual panels. The leaching rate
constants can be directly used for finding exposure point metal con-
centrations in various environmental matrixes, further, in estimating
risks. Providing the need of EoL solar PV management in immediate
future, such studies are required to highlight the research need towards
risk assessment of solar PV disposal and their contamination potential in
various environmental matrixes. Further, studies providing actual data
on metal leaching in actual landfill conditions with realistic scenarios
(intact solar panels with bigger size) are required to realise the fate of
EoL panels and their risk assessment for formulation of EoL solar PV
management regulations.
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ABSTRACT

Photovoltaic industry has shown tremendous growth among renewable energy sector. Though, this high
installation rate will eventually result in generation of large volume of end-of-life photovoltaic waste
with hazardous metals. In present study, reported leached metal contents from different photovoltaics in
previous investigations were utilized for (i) potential fate and transport analysis to soil and groundwater
and, (ii) estimating ecological and human health risks via dermal and ingestion pathways for child and
adult sub-populations. The results indicate that the children are at highest risk, mainly due to lead
(hazard quotient from 1.2 to 2.6). Metals, such as cadmium, lead, indium, molybdenum and tellurium
pose maximum risks for child and adult sub-populations via soil-dermal pathway followed by soil-
ingestion pathway. This is further proved by calculated high values of contamination factor and geo-
accumulation index for cadmium (102.4), indium (238.9) and molybdenum (16.12). The estimated soil
contamination is significant with respect to aluminium, silver, cadmium, iron, lead, however, ground-
water contamination was insignificant. Exposure to polluted soils yields an aggregate hazard index (for
non-cancer effects) > 1 for all four pathways, with soil dermal pathway as the major contributor. Lead
poses significant cancer risk for all scenarios (average risk: 0.0098 to 0.047 (soil) and 2.1 x 107> to
3.5 x 10~ (groundwater)), whereas acceptable non-cancer risk was observed for other metals from
groundwater exposure. Further, variance contribution and spearman correlation coefficient analysis
show that metal concentration, exposure frequency and ingestion rate are the main contributors towards
overall uncertainty in risk estimates. More detailed assessment for environmentally-sensitive metals
should be carried out by considering other field breakage scenarios also, although the assessment sug-
gests low risk for majority of metals examined.

© 2020 Elsevier Ltd. All rights reserved.

1. Introduction

their recycle and disposal with careful analysis of comparative
benefits and risk for all available options need to be investigated.

The increase in global energy demand and dramatic drop in
prices of solar modules resulted in exponential growth of photo-
voltaic (PV) market with cumulative global installed capacity
reaching 5345 GW by the end of 2019 (IEA PVPS, 2020). The present
effort and research focuses on decreasing cost and increasing effi-
ciency with respect to fossil fuels and overseeing the concern of
end-of-life (EoL) impacts. If damaged modules are not managed
properly, they might be dumped in landfills or, exported to devel-
oping countries (legally or illegally). Considering that the already
installed capacity in last two decades might be near to their EoL,

* This paper has been recommended for acceptance by Philip N. Smith.
* Corresponding author.
E-mail address: arunku@civil.iitd.ac.in (A. Kumar).

https://doi.org/10.1016/j.envpol.2020.115393
0269-7491/© 2020 Elsevier Ltd. All rights reserved.

The question arises on environmental fate of decommissioned/
broken or EoL PVs containing metals with possibility of environ-
mental risks. Despite containing several metals, PVs are considered
environmentally safe during operational phase as all the layers are
sealed using encapsulants or laminated glass protecting it from
humidity, extreme heat and harsh weather conditions.

PVs are monolithic devices manufactured to achieve long-term
durability with high encapsulant strength limiting the potential
exposure of module components to rainwater. The primary mech-
anism by which metals are assumed to be leached is by acidic/
rainwater that falls on the crushed or broken modules, with rain-
water reaching the encapsulated semiconductor layer (Nain and
Kumar, 20204, b, c). Module breakage could be defined as cracked
glass or outer frame loosening and breakage rate is reported to be
very rare events during operational phase and it was reported to be
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approximately 0.04% (Sinha et al., 2019). Further, a literature review
of EoL and leaching aspects of PV studies shows that at present, the
information on breakage rate and after EoL handling actions is
limited (Nain and Kumar, 2019). If these metal-containing broken
modules are dumped in an open area or landfill without proper
control measures, rainwater can percolate through them and leach
metals/material. This leachate can contaminate nearby soil, surface
water bodies, and groundwater, thus, ultimately poses ecological
(for soil and groundwater environment) and human health risk.
Nearby population of landfills are more prone to exposure to
contaminated groundwater and contaminated soil.

For the human body, heavy metals are required in very low
concentrations for enzymatic catalytic activity and for maintaining
physiochemical and biochemical reactions. However, they can be
poisonous when consumed in a concentration greater than
threshold (Li et al., 2014). Various parameters, such as exposure
dose, pathway of exposure and time, i.e., acute or chronic exposures
are responsible for metal toxicity which can result in severe dis-
orders and extreme damage by oxidative stress due to free radical
formation (Jaishankar et al., 2014). Over intake of lead (Pb) can
affect central nervous and immune systems. Likewise, long-term
exposure to cadmium (Cd) can cause hypertension and can affect
lungs, kidney, circulatory, endocrine systems. Other known
carcinogen, chromium (Cr) may pose increased risk of respiratory
complications, whereas low to moderate levels of arsenic (As) re-
sults in skin problem, neurological complications, diabetes. Further,
metals, such as indium (In), molybdenum (Mo), gallium (Ga) in
thin-film PVs are also known to cause substantial toxicity and lung
damage (White and Shine, 2016).

The leaching of Cd, In, Ga present in thin-film PVs and leaching
of Pb, Cr and silver (Ag) from crystalline silicon (c-Si) modules have
been studied previously in model natural waters (Fthenakis and
Wang, 2006; Zapf-Gottwick et al., 2015; Sinha and Wade, 2015;
Rebecca Brun et al., 2016; Lai et al., 2016; Ramos-Ruiz et al., 2017;
Collins & Anctil. 2017; Savvilotidou et al., 2017; Chakankar et al.,
2018). Cd release from cadmium telluride (CdTe) PV has been re-
ported to be 1500 and 260 times higher than Toxicity Characteristic
Leaching Procedure (TCLP) and Waste Extraction Test (WET)
methods regulatory limits (Zeng et al., 2015). Another study by
Ramos-Ruiz et al. (2018), reported As release from gallium arsenide
(GaAs) to be about 2.8-fold higher than the TCLP and WET regu-
latory limits. These findings suggest the high probability of metal
release and thus, probable health risks due to these leached metals
need to be examined carefully before considering the dumping of
mixed solar waste. In this direction, only three studies (Sinha et al.,
2012; Cyrs et al., 2014 and Sinha et al., 2019) have investigated the
risk due to PV disposal. However, none of these studies has
examined ecological risk and human health risk for 14 metals,
which are predominantly found in silicon and thin-film modules
(Nain and Kumar, 2020a, b, c: Kwak et al., 2020). It is important to
have this complete information on effect of PV dumping on soil,
groundwater environment and human health with respect to for-
mation of a management plan.

In present study, ecological risk and human health risk assess-
ment (HHRA) was investigated for leached metals from EoL solar
modules in soil and groundwater matrixes. Risk assessment have
been extensively used in past to quantify impacts of contaminated
water, soil, air and food on human health (Kumar et al., 2012;
Kumar, 2012). Previous studies on heavy metal risk estimation
showed the importance of conducting multiple-pathway risk
assessment to recognize the foremost contributing pathway (Qu
et al,, 2014). Monte Carlo simulation has been used to charac-
terize uncertainty associated with various risk index parameters.
Adults and children are considered separately for estimating
exposure because of their behavioural and physiological differences
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(Wang et al., 2005). To assess the ecological risk, geo-accumulation
index, contamination factor, pollution load index and ecological
risk index values have been estimated in present study. Pollution
indices have been the beneficial tools for analysing and quantifying
environmental information to policy formers, risk regulators, waste
managers and common people (Keshavarzi and Kumar, 2019). This
study holds importance as solar waste management is not possible
without assessing its risk to environment and humans under
various dumping scenarios.

2. Methodology

This study developed a step-wise framework (Fig. 1) for
assessing and characterizing ecological and human health risks.
The hypothetical site considered in this evaluation already contains
leachate containing leached metals form broken solar modules
(here, metal leaching data was compiled from literature available
on PV leaching studies) (Fig. 2). As leachate is considered as the
starting point in exposure assessment which includes all modules
and leaching solution characteristics in itself, the volume and
number of modules were not considered. Potential transport of
leachate containing leached metals to soil and groundwater are
quantified separately. It is assumed that an underlying ground-
water aquifer is used as a source of drinking water via tap.

Data from available leaching studies were compiled for 14
metals. Out of which, Ag, As, Cu, Cd, Cr, Pb, Nickel (Ni), Selenium
(Se) and Zinc (Zn) are priority contaminants as per by the USEPA
(Priority Pollutant List, Appendix A to 40 CFR, Part 423, USEPA). The
fate and transport modelling approach was used for estimating the
exposure point (groundwater and soil) metal concentrations. In
next step, potential exposure of heavy metals is considered via (i)
dermal contact with soil contaminated due to solar PV leachate; (ii)
dermal contact with contaminated groundwater; (iii) accidental
ingestion of contaminated soil and (iv) ingestion of contaminated
groundwater. Using metal’s dose-response information, risk esti-
mation and characterization was done. Further, variance attribution
and uncertainty analysis were performed to identify parameters
causing uncertainty in risk estimation. In last section, various in-
dexes of ecological risk were estimated.

2.1. Human health risk assessment

2.1.1. Hazard identification

A number of PV metal leaching studies were reviewed and their
reported leached heavy metals concentration values were sum-
marised (Table S1, Appendix B). These studies investigated the
metal release in water-based solutions simulating acidic conditions
or rainwater (pH 3—6), as per the standard waste characterisation
tests, such as TCLP and WET and also as per the modified test
methods. The log-normal mean and standard deviation values
(Table S2) of summarised metal concentrations (Table S1) were
used for further analysis. The compiled leached metal data was
used as input value in assumed leachate, which is further used for
risk assessment.

2.1.2. Exposure assessment

The human exposure was considered for following hypothetical
exposure scenario: (i) Accidental ingestion and dermal contact with
metal-contaminated soil, and (ii) ingestion and dermal contact
with groundwater contaminated with leachate by residents. Risk
assessment was conducted for both, child and adult sub-
populations as the fraction of exposed surface area to body
weight is higher for child. The risk via soil exposure pathways are
rare events as compared to other pathways. But children exposure
to contaminated soil could occur while playing activities near the
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Fig. 1. Framework for risk assessment for leached metals from solar photovoltaics and assessment of associated uncertainty.
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Fig. 2. Pictorial description of a hypothetical site showing human exposure scenarios (E1, E2, E3, E4) for dumped end-of-life photovoltaics.

impacted site where contaminated soil could adhere to children/
adult skin. Thus, investigating risk via soil pathways is an important
part of understanding, and estimating children’s overall exposures
to environmental toxicants. Further, for some cases such as soil-
pica child and geophagy, the chances of exposure is quiet high
(Calabrese and Stanek, 1993). Thus, it is important to quantify soil
exposure risk especially for children. Previous studies by Sinha et al.
(2012) and Sinha et al.,, 2019 on PV disposal also investigated
screening level risk assessment for soil exposure pathways. A
comparison of methodology between present and earlier studies by
Sinha et al. (2012) and Cyrs et al. (2014) has been given in Appendix
A of supporting information. For groundwater exposure, the
contaminated water could be used as potable water. The dermal
exposure could happen via bathing activity and oral exposure could
occur by drinking. Other exposure routes, such as inhalation of
volatile components during showering and aerosol of water drop-
lets during sprinkling activities were not investigated, as most of

the metals are not volatile and US EPA did not determine carcino-
genic slope factor (CSF) values because of insufficient evidences for
cancer effects via these exposure routes (US EPA, 1987).

2.1.2.1. Fate and transport of leached heavy metals from SPVs.
Fate and transport modelling, in this case, are the mathematical
representation of the movement of metal from one point to
another. The equilibrium-partitioning approach explained in the
USEPA soil screening guidance, 1996 is followed for estimating the
potential transport of heavy metals from the emission point
(leachate containing metals leached from modules) to exposure
points (soil or groundwater). The assumptions considered in this
study are:

i. The module breakage rate is considered as 0.04% based on
warranty return statistics, irrespective of PV type (Sinha
et al., 2012; Sinha et al., 2019).
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ii. The fate and transport model is considered for unsaturated
zone flow with uniform and isotropic porous soil medium.
Flow and transport are one-dimensional, downward, steady
state, and driven by prescribed rate of infiltration (USEPA Soil
screening guidance, 1996).

iii. The vadose zone soil pore water of area covered with metal
leachate is assumed to be impacted and the rest of the nearby
region is expected to be non-impacted. For fate and transport
analysis, sandy-loam soil was considered which has dry bulk
density (pp), water-filled porosity (6w) and infiltration rate
values equal to 1.5 gm/cm?, 0.29 and 0.2794m/year, respec-
tively (Soil Survey and Land Use Plan of Delhi Territory; USDA
Natural Resources Conservation Service, National Soil Survey
Handbook, Appendix B).

iv. Volatilization and chemical degradation of metals in
Dilution-attenuation factor (DAF) methodology are not
considered, because contaminant contact with the ground-
water is assumed to occur immediately (Guidance document,
New Jersey Department of Environmental Protection, 2013).

v. Nearby residents are assumed to be exposed to surface-soil
of site as water is evaporated in summer season and soil is
exposed to ambient air.

A. Transport of metal from leachate (M) to soil (Cs)

The leachate containing metal, leached from PVs, infiltrates into
the soil over time. The log-normal mean and standard deviation
values of reported leached metal concentrations from literature
review (Table S2 of supporting information) were used for gener-
ating 10,000 metal concentration values in leachate at the surface.
Further, the potential metal content transported to vadose zone
was assumed to be function of breakage rate (0.04%). The metal
concentrations in vadose zone soil pore water (Csw, mg/l) are
estimated by Equation (1) where M: metal concentration in
leachate (mg/1); B: module breakage rate (% per year).

The metal concentration in site soil is affected by equilibrium-
partition between leachate and soil matrices which is repre-
sented by the soil/soil-water partition coefficient, Kq (L/kg)
(Table 4). The exposure point concentrations of metals in soil (Cs,
mg/kg) were calculated as per Equation (2).

Csw =M*B (1)
Cs= Cop* (1<d+ i—:)”) (2)
DAF =1+ % (3)
ch=% (4)

B. Transport of metal from soil-pore water (Csy) to ground-
water (Cow)

DAF methodology is applied to quantify metal transport from
soil to groundwater as per Equation (3). The aquifer hydraulic
gradient, i and hydraulic conductivity, K values were referred from
Guidance document (New Jersey Department of Environmental
Protection, 2013) as 0.005 (m/m) and 4446.58 (m/year), respec-
tively. As the aquifer thickness has no effect on DAF if it is 3.4 (m) or
greater, mixing zone depth, d was taken as 3.5 (m). Length of the
site containing leachate was assumed to be 30 (m). Therefore, on
incorporating all the parameters in Equation (3), DAF comes out to
be 10.28 which is further used in calculating Cew (mg/1), exposure
point concentrations of the metals in groundwater as per Equation

(4).
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2.1.2.2. Average daily dose. Average daily dose (ADD) values were
calculated using probabilistic risk assessment approach as per the
Exposure Factors Handbook (USEPA, 1997). In Equations (5)—(7),
ADDjpg_soil/ ADDing_cw: average daily dose of metals ingested via soil
and groundwater in mg/kg-day and mg/l, respectively; Cs: metal
concentration in soil (mg/kg); ADDger-soil/ADDjng-gw: average daily
dose of metals in soil or groundwater via dermal contact in mg/kg/
day and mg/l; Cow: concentration of metal in groundwater; SA:
exposed skin surface (cm?); AF: soil adherence factor (mg/cm?-h);
ABS: dermal absorption factor; EF: exposure frequency (days/year);
ED: exposure duration (years); CF: conversion factor; Kp: perme-
ability coefficient (cm/hr); ET: exposure time (hours); BW: body
weight (kg); AT: average time (days). Values and distribution types
of various parameters considered are shown in Table 1.

Cs x IR x EF x ED

ADDing—soil or ADDing—GW = BW x AT (5)

Cs x SA x AF x ABS x EF x ED x CF

ADDder—soil = BW x AT (6)
Cow x SA x Kp x EF x ET x ED x CF
ADDger_gw =" BW o AT @)

2.1.3. Dose-response assessment and risk characterisation

Dose-response assessment step assesses the relationship of ADD
to toxicity of a toxicant (in terms of CSF (carcinogenic potency/slope
factor) and RfD (non-carcinogenic reference dose)). At present,
reference dose values for maximum number of metals for dermal
exposure are not available in accessible literature. Thus, oral
toxicity values (RfDp) were extrapolated using gastrointestinal
absorption factor (ABS¢;) to get dermal reference dose values
(RfDags) (Table 4) and calculated by Equation (8).

CSF (mg/kg-day) denotes average daily intake for lifetime risk of
not developing cancer for an individual. The carcinogenic risk has
been calculated for lead only, as CSF of other heavy metals are not
available in any of the accessible databases. For available CSFq (oral
slope factor, mg/kg-day), CSFaps (dermally adjusted slope factor,
mg/kg-day) was calculated using the extrapolation method of U.S.
Environmental Protection Agency, 2004, using Equation (9).

RfDaps = RfDo x ABSg (8)
 CSF,

CSFpps = ABSG; 9)
ADD

HQ = RD (10)

RI= ADD x CSF (11)

2.14. Risk assessment and characterisation

2.14.1. Non-carcinogenic risk assessment. The non-cancer toxicity
of a single pollutant/chemical is given as hazard quotient (HQ:
ADD/RfD) (Equation (10)), which is a unit less number. For HQ < 1,
the exposed population is safe and for HQ > 1, there is a concern for
potential non-carcinogenic effects.

2.14.2. Carcinogenic risk assessment. The carcinogenic risk (RI)
(Equation (11)) is calculated as the incremental cancer risk in a
person’s lifetime due to carcinogen exposure. The carcinogenic
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Table 1
Input parameters used in HHRA.
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Distribution Values (, o)

Reference

Parameter Subpopulation
Body weight (BW), kg Children
Adults

Children/Adults
Children/Adults

Exposure frequency (EF), days/year
Exposure Time (ET), h/day

Normal (16.67, 5.987)

Normal, (70, 14)

Triangular, (Min: 180, Mode: 345, Max: 365)
Log-normal, (0.13, 0.0085)

Triangular, (Min: 0.1, Mode: 25, Max: 50)

Kumar and Xagoraraki (2010)

Fallahzadeh et al. (2018)
Thompson et al. (1992)
Rajasekhar et al., (2018); USEPA 1997

LaGoy (1987)
Thompson et al. (1992)
Fallahzadeh et al. (2018)
Liao and Chiang. (2006)
USEPA (2001)

Shi et al. (2011)

Department of Environmental Affairs (2010)

U.S. DoE (2011)

Exposure duration (ED), years Children Uniform, (0, 5)
Adults Uniform, (0, 50)
Ingestion rate (IR soil), mg/day Children
Adults Log-normal, (53.28, 2.81)
Ingestion rate (IR groundwater), L/day Children Normal, (1.25, 0.572)
Adults Normal, (1.95, 0.642)
Exposed skin surface area (SA), cm? Children Log-normal, (2792.53, 1.01)
Adults Log-normal, (5333.33, 1.03)
Soil adherence factor (AF) soil Children/Adults Fixed value, (0.2)
Dermal Absorption factor (ABS) soil Children/Adults Fixed value, (0.001)
Dermal exposure ratio (FE) Children/Adults Fixed value, (0.61)
Average time (AT), days Children/Adult Fixed value
For carcinogens 365*65
For non-carcinogens 365*ED

U.S. DoE (2011)

health risk is acceptable if RI < 1 x 10~% and non-acceptable if
Rl > 1 x 1074 (i.e., individual is likely to have a high risk of devel-
oping cancer).

2.14.3. Monte Carlo simulation and uncertainty analysis. In HHRA,
probabilistic-based approach has been used as a primary tool to
characterize the underlying uncertainty. All input variables were
selected independently with appropriate distributions (average
and standard deviation) and 10,000 iterations were made inde-
pendently in Microsoft Excel to have coverage and steadiness in
analysis (Liao and Chiang, 2006). The iterations were used to
calculate 10,000 HQ (or RI) values for oral and dermal exposure
pathways for soil and groundwater. Values of some input param-
eters, such as dermal permeability coefficient (Kp), dermal ab-
sorption factor (ABS), soil adherence factor (SA) were assumed to be
same for both sub-populations. The calculated HQ (or RI) values
were characterized using average, 90% confidence interval, and
99th percentile values. Further, variance contributions of various
input parameters towards overall variance in metal’s HQ (or RI)
were calculated as per Equations S1 and S2 of the Supporting
Information. In this regard, correlation between two parameters
was also calculated by Spearman’s correlation coefficient
(Appendix A, SI).

Further, the number of modules resulting in lead (c-Si) and Cd
(CdTe) risk with a hazard quotient of 1 were calculated for exposure
pathway showing maximum risk via HHRA method. The lead and
cadmium concentration in ponding water (assumed with a volume
1000L), assumed to be dumped with solar modules, were estimated
on the basis of point-estimate.

2.2. Ecological pollution indexes

The various indexes used for ecological pollution associated
with PV-associated metals in soil estimation are: geo-accumulation
index (Igeo), contamination factor (CF), pollution load index (PLI)
and ecological risk index (ERI). Igeo has been used to assess the
anthropogenic metal contamination in soil (Muller, 1969) (Equation
(12)) and is used here to indicate effects of PV disposal on soil
contamination. Here, Cs is the average metal concentration in soil
of 10,000 normal distributed random numbers generated from log-
normal mean and standard deviation of reported leached metal
concentrations from literature. PLI presents a simple yet compar-
ative approach for estimating metal contamination status
(Tomlinson et al., 1980) and is calculated using Equation (13). In

Equation (13), n is the number of metals studied and CF is
contamination factor (Equation (14)), derived by dividing the
average metal concentration in soil (Cs from Equation (2)) by its
background concentration (Hakanson, 1980). Background concen-
tration is maximum allowable metal concentration in soil obtained
from standard table formulated by Turekian and Wedepohl (1961).
CF interval value can be interpreted as per structure given by
Lacatusu (2000). Another index is ERI (Hakanson, 1980), which is
the sum of the ecological risk factors (Ef) for various metals. The
ecological risk factor is derived by multiplying toxic response factor
(Tr, Table 2) and CF (Equation (14)). The various indexes can be
interpreted by characterisation given in appendix A of supporting
information.

Metal concentration in soil (C;)

lgeo =L082 | 75 3 eral background /reference concentration (B)
(12)
PLI=(CF; x CF, x CF3 x CFy......... x CFy)" (13)
_ Metal concentration in soil (Cs)
CF = Background value (14)
RI= > Ef=> Tr xCF (15)

3. Results and discussion
3.1. Heavy metal distributions in leachate, soil and groundwater

Fig. 3 shows distributions and probability of exceedance (PoE, %)
of leached metal concentrations from their respective limits in
leachate, soil, and groundwater. In leachate and groundwater, eight
metals (six non-carcinogens and two carcinogens) out of 14 metals,
were exceeding their standard leachate limits (India MSW rules,
2016) and groundwater limits (WHO drinking water standards,
2008). In case of carcinogenic metals in leachate, cadmium and
lead exceeded their standard threshold values by 4.91% and 25.01%,
respectively. Similarly for groundwater, cadmium and lead excee-
ded their standard limits by 7.34% and 2.89%, respectively. Table 3
gives values of metal concentration and their PoE in leachate, soil
and groundwater to standard limits. The abundance of heavy
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Table 2

Input parameters for estimating various indexes of ecological risk assessment.
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Metal (in mg/kg)

Metal concentration in soil’

Metal background concentration °

Maximum allowable metal concentration

Toxic response factor ©

Ag 0.2 0.1 0.0 NA
Al 54 80000 10000 NA
Cd 81.9 0.3 0.8 30.0
Cu 82.7 45.0 36.0 5.0
Cr 0.0 90.0 100.0 2.0
Fe 2519 47200 7000 NA
Ga 0.2 19.0 19.0 NA
In 239 0.1 0.1 NA
Mo 41.9 2.6 2.6 NA
Ni 0.0 68.0 35.0 6.0
Pb 56.5 20.0 85.0 5.0
Se 0.0 0.6 0.1 NA
Te 2.8 0.5 0.5 NA
Zn 0.2 95.0 50.0 1.0

2 Turekian and Wedepohl (1961).

b Limits Lindsay (1979).

¢ Denneman and Robberse (1990).

4 Ministry of Housing, Netherlands, (1994).
€ Thedioha et al. (2014).

f Mean of 10,000 log-normal generated exposure point concentration of metals in soil using reported leached metal concentration from literature; NA: Not available.

metals in leachate was found to be in the following order:
Cu> Mo > Fe>Cd>Pb>In>Al>Te>Ag>Zn>Se > Ga> Ni>Cr.
Among the various metals, the observed high concentrations of
lead and cadmium are concerning because of their carcinogenic
nature and hazard at low doses (Haq, 2003). Among various PVs,
cadmium and lead are generally found in CdTe and crystalline-
silicon PVs, respectively (Sinha et al., 2019). However, the high Pb
content may be accredited to the older generation soldering ma-
terials used in silicon-based modules. It could be expected that
newer and more sophisticated soldering materials in the third
generation solar PVs would considerably reduce the use and release
of Pb at EoL. In rainy days with surface runoffs, there is a high
possibility of contamination of a nearby surface water bodies.
Average Cd concentration in leachate was found to be higher than
standard value, thus, increasing the concern of Cd use in thin-film
technologies. Further, another reason for high concentrations of
Pb and Cd could be the use of high values from literature where
studies might have reported these values after considering the
worst-case leaching scenario, such as high acidic conditions.
Moreover, many studies have reported high concentrations of Cu
and Fe in natural soil without any contamination (Eddy et al., 2006).
Thus, the high observed metal concentration cannot be related to
pollution alone as natural sources can also contribute. The metal
leaching rate can vary depending up on the PV technology,
breakage magnitude, exposure duration, soil type and background
concentrations of metals in soil. Although, it is challenging to
investigate the risk due to difficulty in simulating realistic condi-
tions under acidic conditions, the present study considered the data
from leaching studies from all PV types for obtaining a more
comprehensive picture of the scenario. In case of soil matrix, few
metals exceeded their standard soil metal limits (Denneman and
Robberse, 1990; Lindsay, 1979; Ministry of Housing, Netherlands,
1994), with highest exceedance shown by Ag of 37.89%. Cadmium
and lead exceeded their standard limits by 0.65% and 0.02%
respectively, whereas non-carcinogenic metals, such as Al, Ag, Cu,
Ni, Se, and Zn showed exceedance from a minimum of 0.05% to a
maximum of 48.96% in various matrixes.

3.2. Health risk analysis

3.2.1. Health risk for soil exposure

3.2.1.1. Non-cancer risks. A hazard quotient less than 1.0 represents

that metal concentration in respective exposure pathway (surface
or groundwater) is below the reference dose and thus, no concern
of health risk. In the present assessment, children were found to be
at greater non-cancer risk due to soil exposure than adults. The
metal-specific values of various parameters used in risk assessment
is summarised in Table 4. It is observed that the 95™ percentile
values of HQ for Al, Cr, Fe, Ni, Se and Zn to child via soil-dermal
route were found to be < 1, showing that non-carcinogenic risk is
acceptable (Table 5, Table S3). However, child exposure to other
metals from this route resulted in HQ > 1, indicating risk and a
cause of concern. For child exposure, 95® percentile values of Pb
and Te via soil dermal route were found to be greater than the
threshold values. Highest value of probability of exceedance was
observed for Cd and Pb exposure to child and adult from dermal
pathway, whereas, it was found to be zero for most of the other
metals.

For soil-oral pathway, maximum HQ values for Cd, Cu, In, Mo
and Pb were found to be greater than their respective threshold
values. Child exposure to lead via oral and dermal pathway resulted
in HQ > 1. Further, calculated 90% confidence interval and 99th
percentile HQ values for Cd and Pb exposures were found to be
greater than other metals. Further, soil-dermal exposure pathway
was observed to be the major route of risk for Cd, Cu, In, Mo, Pb and
Te. The potential health risk from Cr, Fe, Ni, Se and Te is found to be
minimum for both sub-populations. Inclusively, cadmium and lead
are metals of distress for child in case of non-carcinogenic risk. For
dermal exposure, Pb is the only metal with average HQ > 1 with PoE
values equal to 10.1% and 4.6% for child and adult, respectively. It is
important to note that maximum lead in c-Si PV was found to be
4.02 mg per module and it is used for connecting the first and last
cell of a panel with junction box (Auer, 2015). Thus, the findings of
high risk due to Pb indicates the importance of reducing usage of Pb
in solder ribbons so that risk to children and adult be minimized.

3.2.1.2. Cancer risks. Carcinogenic risk (Table 5) is expressed as
probability of an individual developing cancer as a result of daily
exposure to metal over a lifetime. For estimating cancer risk, lead
exposures from soil through oral and dermal pathways were
considered. Average values of lifetime excess risks of cancer for all
scenario were found to be greater than the limit (105, USEPA
(19914a,b)), with highest HQ value as 1.2 and 2.6 for child and adult,
respectively. Overall, the risk assessment indicated that cadmium
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Fig. 3. Metal distribution and probability of exceedance of metal concentration than their respective limit in leachate (A, B); soil (C, D) and groundwater (E, F).

and lead pose health risks via soil ingestion and dermal pathways,
with greater risk for children than adults. Given that these two
metals are known to be priority pollutants by the USEPA with a
carcinogenicity classification ‘B’ and can result in neurological
malfunction if consumed/contacted in high amounts (Ferreira-
Baptista and De Miguel, 2005), lead exposure to children from
sandy-loam soil, as indicated in this study, may pose serious health
threat and need to be focused upon more.

The metals present in the soil media may release ions which
may get accumulated in plant system with time. Thus, consumption
of contaminatd edible portion of the plant may also pose health
risk. Present study also quantified the Pb risk posed for a hypo-
thetical scenario of vegetable consumption grown in the contami-
nated site (Appendix D, SI). The daily exposure values of lead were
found to be 0.00027 mg/kg-day and 0.00029 mg/kg-day for adults

and child, respectively. Thus, the risk estimate values were found to
be 0.077 for adult and 0.0828 for child, indicating that those living
around the exposure site were at no potential health risk through
the intake of lead via consuming locally-grown vegetables. The soil
risk in present assessment was found to be significant as the upper
layer of 0—20 cm ,which is responsible for direct ingestion, is
directly impacted by leachate (Zhao et al., 2012). Further, the level
of risk depends upon chance of exposure as in present study. As
exposure site was considered near a residential building, and thus,
probability of soil exposure for children playing nearby is high.

3.2.2. Health risk due to groundwater

3.2.2.1. Non-cancer risks. The risk for all metals on the basis of
average HQ was found to be acceptable (Table 5). For cadmium
exposure via groundwater dermal contact, maximum values of HQ
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Table 3

Statistical characterization of log-normal distributions of metal concentration for leachate, soil and groundwater.
Metals Al Ag cd Cu Cr Fe Ga In Mo Ni Pb Se Te Zn
Leachate
Metal conc. (mg/l) 265.8 4.4 1858.3 93124 0.1 1966.5 13 248.4 5805.4 0.5 1619.9 1.5 38.2 34
99th percentile 3476.8 72.2 9137.5 41966.7 0.6 21027.5 224 1949.1 40067.2 8.1 10899.4 24.5 626.2 57.6
90% ClI 276.93 8.58 291.56 1253.96 0.25 1321.10 3.02 90.98 1674.63 1.82 445.97 3.10 75.10 103
Metal limit (mg/1) 87.0 34 2.0 NA 11 300.0 NA NA NA 8.3 25 5 NA 120
POE(%) 10.09 9.834 30.32 NC 0 11.09 NC NC NC 0.95 35.24 3.44 NC 0.41
Soil
Metal conc. (mg/kg) 5.358 0.195 0.072 0.362 0.00 0.000 0.000 0.002 0.005 0.00 0.094 0.000 0.000 0.00
99th percentile 70.093 3.181 0.356 1.633 0.002 0.003 0.001 0.016 0.046 0.00 0.838 0.000 0.006 0.00
90% CI 5.583 0.378 0.011 0.049 0.001 0.000 0.000 0.001 0.002 0.00 0.035 0.000 0.001 0.00
Metal limit (mg/kg) 10000 0.01 0.8 36 100 7000 NA NA NA 35 85 0.1 NA 50
POE (%) 0 37.886 0.650 0.100 0 0 NC NC NC 0 0.020 0 NC 0
Groundwater
Metal conc. (mg/l) 0.010 0.000 0.072 0.362 0.00 0.077 0.000 0.010 0.226 0.00 0.063 0.000 0.001 0.00
99th percentile 0.135 0.003 0.356 1.633 0.00 0.818 0.001 0.076 1.559 0.00 0.424 0.001 0.024 0.002
90% CI 0.011 0.000 0.011 0.049 0.00 0.051 0.000 0.004 0.065 0.00 0.017 0.000 0.003 0.00
Metal limit (mg/1) 0.2 0.01 0.005 13 0.05 1 NA NA 0.07 0.02 0.05 0.05 NA 5
POE (%) 0.780 2.210 7.339 1.160 0 0.840 NC NC 4.790 0.05 2.890 0 NC 0

NA: Not available; NC: Not calculated; CI: Confidence interval; Carcinogenic metals are shown as underlined.

Table 4

Metal specific values for various parameters used in risk estimation. [Kd: Soil-water partition coefficient (L/kg) Kp,: Permeability coefficient (cm/hr); ABS: Dermal adsorption
factor soil; ABS GI: Absorption factor GI; RfD, Oral reference doses; RfDags: Dermally adjusted reference dose (mg/kg-day); CSFo: Oral cancer slope factor; CSFags: Dermally
adjusted cancer slope factor (mg/kg-day); Breakage rate, B: 0.04%; Porosity, B: 0.3; Density, p, (gm/m?): 1.5; Dilution-attenuation factor, DAF: 10.28].

Metal Kd Kp" ABS ABS¢; RfDo RfDags CSFo CSEags
Ag (Silver) 110 0.0010 0.001" 0.04 5.00E-03" 5.00E-06 NA NA

Al (Aluminum) 50 0.0010 0.001" 0.001 1.00E+00 * 1.00E-03 NA NA
Cd, soil (Cadmium) 1107 0.0010 0.001 ¢ 0.025° 1.00E-03" 2.50E-05 NA NA
Cd, water 110’ 0.0010 0.001 ¢ 0.05° 5.00E-04° 2.50E-05 NA NA

Cu (Copper) 221 0.0010 0.001" 1° 4.00E-02¢ 4.00E-02 NA NA

Cr (Chromium) 8’ 0.0010 0.001" 0.013° 1.50E+00° 1.95E-02 NA NA

Fe (Iron) 320 0.0010 0.001" 1° 7.00E-012 7.00E-04 NA NA
Ga (Gallium) 310’ 0.0010 0.001" 0.001 2.00E-03" 2.00E-06 NA NA

In (Indium) 240 0.0010 0.001" 0.001 8.30E-03" 8.30E-06 NA NA
Mo (Molybednum) 20 0.0010 0.001" 1 5.00E-03" 5.00E-06 NA NA

Ni (Nickel) 130’ 0.0010 0.001" 0.04" 2.00E-02° 8.00E-04 1.7¢ 6.8E-02
Pb (Lead) 87k 0.0001 01° 1° 1.40E-04¢ 1.40E-04 8.5E-03° 8.5E-03
Se (Selenium) 10! 0.0010 0.001" 1? 5.00E-03" 1.50E-05 NA NA

Te (Tellurium) 180! 0.0010 0.001" 0.001 5.00E-03°¢ 5.00E-06 NA NA

Zn (Zinc) 1107 0.0006 0.001" 1° 3.00E-01" 3.00E-01 NA NA

2 Regional Screening Level (RSL) Industrial Soil Table April 2012.

b Integrated Risk Information System (IRIS), U.S.EPA.

¢ Health Effects Assessment Summary Tables, U.S. EPA.

4 Qak Ridge Reservation Annual Site Environmental Report for 2009, U.S.

€ Fthenakis et al. (1999).

f Morgan et al. (1995).

& Provisional Peer-Reviewed Toxicity Values U.S. EPA.

" Shi et al. (2011).

! Allison and Allison (2005).

J

Gil-Garcia et al. (2009).
Veeresh et al. (2003).

were observed to be 63 (child) and 38 (adult) indicating a serious
concern. The PoE values of cadmium for child and adult were found
to be 0.14% and 0.25%, respectively. Te shows a 99 percentile HQ
value greater than 1 for adult sub-population via dermal ground-
water pathway. Earlier, screening level risk assessment of released
Cd from CdTe by Sinha et al. (2012) suggested the safe disposal of
CdTe with no environmental and human health hazard. Another
work by Cyrs et al. (2014) used Delisting Risk Assessment Software
(DRAS) model for HHRA for landfill disposal of CdTe PV and indi-
cated that CdTe modules pose low risk to human health at waste
volumes considered. Further, similar findings were observed in a
recent study by Sinha et al. (2019) investigating the Pb (c-Si) and Cd
(CdTe) risk. For the groundwater oral pathway, HQ values (average)
except lead were found to be less than 1 for all other scenarios,

indicting no risks to both sub-populations.

3.2.2.2. Cancer risks. In present study, carcinogenic risk was esti-
mated for lead only. Average risk value for lead exposure via
groundwater dermal pathway was observed to be greater than
standard value. The maximum observed risk values from oral and
dermal pathways for child sub-population were found to be 0.0073
and 0.0078 (with PoE of 4.36% and 16.37%), respectively. For
groundwater dermal exposure for child and adult, the observed
average risk values were 3.5 x 107> and 2.1 x 107>, respectively,
indicating serious health concern. As per WHO, the reason for
observed higher risk to child could be attributed to the lesser body
weight and developing body during growth period. The carcino-
genic risk in present analysis was found to be above the critical risk
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Table 5
Statistical characterization of HQ for soil and groundwater for child and adult.
Metal Average HQ/risk Maximum HQ/risk 90% CI 95th percentile PoE(%)
Oral Dermal Oral Dermal Oral Dermal Oral Dermal Oral Dermal
Soil Child Non-carcinogenic risk Ag 2.5E-5 3.5E-3 1.7E-2 2.3E+0 3.5E-5 8.0E-3 3.5E-5 8.0E-3 PEZ 0.01
cd 4.3E-2 4.1E-2 1.2E+2 1.1E+2 6.0E-3 8.7E-3 6.0E-3 8.7E-3 04 235
Cr 1.6E-10 6.8E-9 4.1E-9 1.3E-7 2.6E-0 1.7E-8 2.7E-10 1.8E-8 PEZ PEZ
Ga 5.4E-5 2.9E-2 3.0E-2 1.5E+1 8.7E-5 7.6E-2 8.7E-5 7.6E-2 PEZ 0.45
In 1.6E-3 8.8E-1 3.4E+0 1.8E+3  4.9E-4 4.3E-1 4.9E-4 4.3E-1 0.02 3.15
Pb 2.2E-1 1.2E+1 53E+2 2.8E+4 5.2E-2 4.5E+0 5.2E-2 4.5E+0 1.3 11.59
Te 3.5E-4 9.5E-1 2.4E-1 6.2E+2 5.0E-4 22E+0 5.0E-4 2.2E+0 PEZ 9.37
Soil Child carcinogenic risk Pb 2.0E-02 4.7E-02 49E+1 1.1E+2 7.3E-3 1.7E-2 7.3E-3 1.7E-2 74.80 69.41
Soil Adult Non-carcinogenic risk Ag 2.4E-9 8.1E-6 2.0E-6 5.4E-3 4.5E-9 1.9E-5 4.5E-9 1.9E-5 PEZ PEZ
cd 5.1E-6 2.4E-2 1.5E-2 6.3E+1 7.5E-7 5.0E-3 7.5E-7 5.0E-3 PEZ 0.14
Cr 5.1E-12 2.2E-9 4.1E-9 1.3E-7 2.6E-10 1.7E-8 2.7E-10 1.8E-8 PEZ PEZ
Ga 1.8E-9 2.5E-4 1.2E-6 1.3E-1 3.9E-9 6.5E-4 3.9E-9 6.5E-4 PEZ PEZ
In 8.2E-8 9.7E-6 1.9E-4 2.0E-2 2.8E-8 4.7E-6 2.8E-8 4.7E-6 PEZ PEZ
Pb 3.2E-5 3.7E-4 7.9E-2 8.4E-1 8.2E-6 1.4E-4 8.2E-6 1.4E-4 PEZ PEZ
Te 2.0E-8 2.8E-3 1.7E-5 9.5E-1 3.9E-8 6.5E-3 3.9E-8 6.5E-3 PEZ PEZ
Soil Adult Carcinogenic risk Pb 14E-02  9.8E-03 3.3E+1 2.3E+1 4.8E-3 3.3E-3 4.8E-3 3.3E-3 82.39 66.25
Groundwater Child Non-carcinogenic risk Ag 24E-9 8.1E-6 2.0E-6 5.4E-3 4.5E-9 1.9E-5 4.5E-9 1.9E-5 PEZ PEZ
cd 5.1E-6 24E-2 1.5E-2 6.3E+1 7.5E-7 5.0E-3 7.5E-7 5.0E-3 PEZ 0.14
Cr 5.1E-12 2.2E-9 4.1E-9 1.3E-7 2.6E-10 1.7E-8 2.7E-10 1.8E-8 PEZ PEZ
Ga 1.8E-9 2.5E-4 1.2E-6 1.3E-1 3.9E-9 6.5E-4 3.9E-9 6.5E-4 PEZ PEZ
In 8.2E-8 9.7E-6 1.9E-4 2.0E-2 2.8E-8 4.7E-6 2.8E-8 4.7E-6 PEZ PEZ
Pb 3.2E-5 3.7E-4 7.9E-2 8.4E-1 8.2E-6 1.4E-4 8.2E-6 1.4E-4 PEZ PEZ
Te 2.0E-8 2.8E-3 1.7E-5 9.5E-1 3.9E-8 6.5E-3 3.9E-8 6.5E-3 PEZ PEZ
Groundwater Child Carcinogenic risk Pb 2.9E-6 3.5E-5 7.3E-3 7.8E-2 7.6E-7 1.3E-5 7.6E-7 1.3E-5 436 16.37
Groundwater Adult non-carcinogenic risk Ag 1.6E-5 1.7E-2 1.1E-2 1.2E+1 3.9E-5 3.7E-2 3.7E-2 3.7E-2 PEZ PEZ
cd 3.1E-2 8.5E-3 84E+1 2.3E+1 5.2E-6 4.0E-2 1.7E-3 4.0E-2 0.28 1.0
Cr 9.1E-11 1.2E-9 2.5E-9 2.9E-8 32E-10  3.3E-9 3.3E-9 3.5E-9 PEZ PEZ
Ga 3.5E-5 5.8E-3 2.0E-2 3.3E+0 1.5E-7 1.5E-2 1.5E-2 1.5E-2 PEZ 0.04
In 1.1E-3 1.8E-1 2.3E+0 3.8E+2 3.6E-6 8.1E-2 8.1E-2 8.1E-2 0.01 1.2
Pb 1.6E-1 2.6E+0 3.6E+2 5.9E+3 6.3E-4 8.6E-1 8.6E-1 8.6E-1 1.0 4.6
Te 2.3E-4 1.9E-1 1.6E-1 1.3E+2 1.1E-5 4.2E-1 4.2E-1 4.2E-1 PEZ 25
Groundwater Adult Carcinogenic risk Pb 1.2E-6 2.1E-5 3.0E-3 4.8E-2 3.0E-7 6.9E-6 3.0E-7 6.9E-6 2.80 12.52

PEZ: probability of exceedance of HQ > 1 is zero. Carcinogenic metals are in italics. Average and maximum HQ values > 1 (for non-carcinogenic) and HQ values > 1.0E-06 (for

carcinogenic) are highlighted in bold.

level of 1 in 1000,000. These findings are based on literature-
reported leached metal values analysed in acidic conditions
which can approach to lower side if released values in real rain-
water conditions is considered. Much work have been done on risk
assessment due to e-waste disposal in past, reporting significant
level of risk (Cao et al., 2009; Bakare et al., 2012). As solar panels are
a sub-category of e-waste and composition is similar to various
semiconductor appliances, such as LED, their probable risk need to
be assessed and uncertainty in risk estimates need to be properly
characterized.

3.2.3. Number of modules resulting in lead (c-Si) and Cd (CdTe) risk
The risk from soil exposure was identified as the most sub-
stantial contributor to the overall risk. Thus, number of modules
resulting in a hazard quotient of 1 for soil exposure was estimated.
The soil metal concentration (Cs) was calculated for a hazard quo-
tient of 1 for four soil pathways (child-dermal, child-oral, adult-
dermal, adult-oral). From the four estimated concentrations, the
minimum metal concentration was used for further analysis
following the conservative approach. The lead concentration in
ponding water assumed to be dumped with solar modules was
estimated as 44.79 mg/L using Equations (1) and (2). A previous
study by Nover et al. (2017) reported 0.225 mg/L lead release after
360 days from a c-Si 5 x 5 cm? module piece with initial lead
content of 15.9 mg. Thus, for present case, the initial lead content in
module piece came out to be 3165.85 mg with 0.5 m? area. The
number of modules in 1000L of ponding water resulting in a hazard
quotient of 1, came out to be 300 with weight of 6225 kg (Wild-
Scholten, 2013). Hence, our assessment indicates that non-
carcinogenic lead risk via soil exposure could be observed if

dumped modules exceeds 300 with 6300 kg weight (approxi-
mately) in ponding water. Following the similar approach, cad-
mium concentration in ponding water (for a HQ = 1) was estimated
to be 633.02 mg/L with initial content of 1013.65 mg in a module
piece with area of 0.1701 m?. Cadmium risk could be observed if
236 number of modules with total weight of 2890 kg dumped in
1000L of ponding water. These finding are most likely due to the
fact that all the dumped modules are susceptible to metal release in
ponding water during the course of 360 days.

3.2.4. Uncertainty and sensitivity analysis

The potential impact of variation in the various input variables
on calculated risk was evaluated through Monte Carlo simulation-
based uncertainty and sensitivity analysis. Fig. S1 shows the cor-
relation between input variables related to Cd, In, Mo, Pb and Te in
soil and groundwater. The analysis shows that metal concentration,
ED, BW and SA were the most significant variables resulting in
uncertainty in risk estimates for ingestion and dermal exposure
pathways (contribution of parameters towards uncertainty is >97%
for all cases). The rho correlation coefficient values of these vari-
ables with HQ were observed to be in the range of 0.97—0.99. EF
and IR were found to be insignificantly correlated with HQ values
with p values lesser than 0.05. Further, as metal concentration was
observed to be significantly and strongly correlated with HQ values
(correlation: 0.99 for all scenarios), more leaching studies are
required to validate present findings and reduce uncertainty.

In variance contribution analysis, five metals (Cd, In, Mo, Pb and
Te) posing highest risk in various exposure scenarios were
considered (Fig. S2). For child sub-population, variance contribu-
tion of variable, “metal” to overall uncertainty in estimated non-
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cancer risk for soil exposure scenario was found to be 85%. Whereas
for adult-subpopulation, the variance contribution of metal was
found to be approximately 99% for all metals except for Te. Cad-
mium was found to contribute maximum in variance of HQ (100%
for the adult and 85.58% for child). Here, variance contributions by
various parameters towards overall variance in HQ varied widely
with metal and ED as primary contributor (>95% variance contri-
butions) in overall uncertainties for the five studied metals. During
metal exposure in groundwater, a similar trend of variance
contribution was observed with contribution of SA with order of
10~% magnitude. It is observed that during carcinogenic metal
exposure (Cd and Pb), metal concentration was found to contribute
the maximum variance in risk estimate (85%—99%) for all exposure
pathways, except for groundwater-dermal pathway where BW
(variance contribution: 99%) and EF (variance contribution: 89%)
were found to be the main contributors. Similarly, for soil-dermal
pathway, metal concentration is the main contributor. For lead
exposure, metal concentration (variance contribution: 85—99%) is
the main contributor for soil-ingestion pathway, whereas BW
(variance contribution: 10—89%) and EF (variance contribution:
11-89%) are main contributors for soil-dermal pathway. The vari-
ance contributions are shown in Table S4 of Supplementary
Information.

3.3. Ecological pollution indexes

Igeo index values of all the metals were observed to be within
the limit (Igeo >5) except for In and Cd whose index values ranged
in class 6 (extremely polluted). It can be seen from Fig. 4 that there

Environmental Pollution 267 (2020) 115393

is no soil contamination by Al, Cr, Fe, Ga, Ni, Se and Zn and moderate
contamination by Cu, Pb and Te and strong contamination by Cd, In
and Mo. Igeo of Mo ranged in strongly polluted (class 4). The
observed negative values of Igeo values for Al, Cr, Fe, Ga, Ni, Se and
Zn might be due to deficient to minimal enrichment (Likuku et al.,
2013).

Contamination factor depends upon the maximum allowable
metal concentration which can vary from region to region. How-
ever, in present study, a conservative approach has been followed
and maximum reported limits were considered from various
sources (Denneman and Robberse, 1990; Ministry of Housing,
Netherlands, 1994). The overall contamination of soil, based on
the CF values (Fig. 4), indicates that soil was considerably
contaminated with Ag (19.5), Cd (102.4), In (238.9) and Mo (16.12);
moderately contaminated with Cu (2.29) and Te (5.54). However,
soil was observed to have low contamination due to Cr, Pb, Ni and
Se. Also, PLI value for considered metals came out to be 0.179641,
denoting insignificant pollution of the site. Further, EF and RI as
toxic response factor (T;) values were calculated for six metals only
as Tr values are not available for other metals at present. The order
of ecological risk factor was found to be: Cd (3071.74) > Cu
(11.49) > Pb (3.3) > Ni (0.007) > Zn (0.003) > Cr (216 x 107>).
Except Cd, ecological risk values for various metals were found to
be small. Overall, ecological risk index is 3086.56, indicating high
ecological risk.

4. Summary and conclusions

The findings of this study are beneficial for policy makers,
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recyclers, risk assessors, researchers and can be used in other
research investigations. It includes: 1) database for leached metal
concentration from different PV in different water-based solutions;
2) ecological risk indexes; 3) probability of exceedance of metal
concentrations in soil and groundwater on PV dumping; 4) expo-
sure point concentrations of 14 metals in soil and groundwater on
PV dumping; 5) HHRA for child and adult via soil and groundwater
(ingestion and dermal) pathway. The important findings of this
study are mentioned below:

1. The abundance of PV-associated heavy metals in leachate was
found to be in the following order:
Cu>Mo>;Fe;>Cd>Pb > In > Al > Te > Ag > Zn > Se > Ga> Ni > Cr.

2. For both subpopulations, soil exposure pathway was found to be
the main contributor towards overall non-cancer risk. Metals
such as Cd, In, Ga, Mo and Te were found to pose risks to both
subpopulations via soil-dermal and soil-ingestion pathways.
This is further proved by high values of calculated contamina-
tion factor and Igeo index of these metals.

3. The risk estimate for vegetable intake grown in contaminated
soil by PV leachate was found to be 0.077 for adult and 0.0828
for child, indicating that those living around the exposure site
were at no potential health risk due to lead.

4. Metals via groundwater exposure posed minimal non-cancer
risk whereas cancer risk assessment for groundwater-dermal
pathway indicates serious health concern (average risk value:
3.5 x 107> and 2.1 x 107>, respectively, for child and adult).

5. Cadmium and lead exceeded their standard threshold values by
4.91% and 25.01% in leachate, 0.65% and 0.02% in soil and 7.34%
and 2.89% in groundwater, respectively. Non-carcinogenic
metals such as Al, Ag, Cu, Ni, Se, and Zn showed exceedance
from a minimum of 0.05% to a maximum of 48.96% in various
matrixes.

6. Lead exposure posed health risks via dermal exposure pathway.
However, risk values for other metals were found to be
acceptable, i.e., lower than the allowable values. Children sub-
population was found to be at higher risk than adult, mainly
due to lead exposure.

7. The order of ecological risk factor was found to be: Cd
(3071.74) > Cu (11.49) > Pb (3.3) > Ni (0.007) > Zn (0.003) > Cr
(2.16E-05). Cd showed a high possibility of surface soil
contamination along with calculated risk index of 3086.56,
indicating a cause of concern.

8. The high risk observed for Pb (c-Si PV) are based on past usage
and leaching from old manufactured modules. However, with
materials advancement and usage of Pb-free solders with thin
semiconductor layers, risk estimated in the present study is
expected to be reduced.

9. Metal concentration, body weight, ingestion rate and exposure
frequency were found to be main contributors towards overall
uncertainty in risk estimates.

Limitations

There are few assumptions employed in this study which could
result in some possible uncertainties with risk assessment, such as
scenario uncertainty (i.e., uncertainty about the water and metal
losses), or uncertainty in fate and transport analysis (i.e., employed
sandy-loam soil parameters might not be applicable for global soil
conditions). There could be uncertainty in modules dumping rate
(i.e., uncertainty in module breakage rate), since most of the in-
dustries do not disclose data regarding received broken or EoL
modules from end users. Reported breakage rate of 0.04% from one
study has been used in the analysis as a conservative assumption. It

1

Environmental Pollution 267 (2020) 115393

is beneficial for future risk assessments if information or data about
module breakage during manufacturing, EoL modules received
back by producers, events responsible for breakage, magnitude of
breakage and handling approaches used for solar waste manage-
ment becomes publicly available. Also, our analysis did not consider
the metals in bound form as Cd in CdTe PV is quite a stable com-
pound and is insoluble (Fthenakis and Wang, 2006). Thus, further
assessment is also required once leaching data on unbound form is
available. Upon resolving all above-mentioned assumptions, a
better management plan can be developed for EoL PVs.
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to meet the standard.

In emails between OTP representatives and myself, the company stated that they believe the project will achieve a
capacity factor of 24 percent, which means the installation would only need to be 19 MW to meet the SES. As a
result, the proposed project is 62 percent larger than it would need to be to satisfy these state mandates.

The state’s goal of having 10 percent of sales come from solar by 2030 is a non-binding goal, and not a mandate,
which means the extra panels will not be required by law.

Extra Panels Mean Extra Costs for Consumers

Allowing OTP to build a solar facility that is larger-than-needed to meet the state solar energy mandate will increase
the cost of electricity for all OTP customers, which is effectively a tax on their quality of life.

Prices will rise because OTP is not truly a private company, they are a government-approved monopoly utility that is
guaranteed to make a government-approved profit (or rate of return), when they build new things like solar panels,
wind turbines, or natural gas plants in South Dakota.

Because they are a government approved monopoly operating under this incentive structure, spending extra money
to build a solar facility that is larger than necessary will lead to unnecessary cost increases for families, businesses,
and government entities in OTP’s service territory. This means hospitals, schools, nursing homes, police
departments, and churches will have to pay more just to keep the lights on.

OTP has already announced they would be raising rates by approximately 6.77 percent, on average, to pay for the
Merricourt wind facility in North Dakota, and the Astoria natural gas plant in South Dakota. This solar facility will
further increase costs.

Environmental Impacts of Solar Panels

Not only will the solar panels increase costs for consumers, emerging academic research has shown that rainwater is
sufficiently acidic to cause solar panels, especially damaged panels, to leach toxic heavy metals such as cadmium
and lead into the nearby soil and groundwater. Some panels also contain PFAS.

| have attached three academic studies examining the potential impact of metals leaching from solar panels on the
environment.

Due to these potential contamination pathways, it makes sense to require OTP to conduct baseline soil and
groundwater sampling to determine the condition of these natural resources before solar panels are installed.
Periodic soil and groundwater testing during the operations phase of the project should also be conducted to
determine if leaching of heavy metals is occurring. Testing should be conducted again after the end of the solar
facility’s lifetime to determine whether the panels have created a legacy pollution problem that would affect future
generations.

The results of these environmental tests should be publicly available and easily accessible on the OTP website, along
with a real-time solar generation display and historical production data.

Decommissioning Assurance

Typical warranties for solar panels are for 25-year operating lifetimes. After this time, the solar facility may need to
be decommissioned.

Decommissioning is an expensive process. A recent study from Resources for the Future determined costs for
decommissioning similar-sized solar plants average $106,000/installed MW. This means the cost to decommission
the proposed facility would be roughly $5.3 million.

Fergus Falls leaders can protect taxpayers from potential future liabilities by collecting this projected fee up front as
a refundable bond to assure there will be enough money to cover the full decommissioning of the facility in the
future.

Suggested Ordinances for Solar Facilities

North Carolina has experienced rapid growth in solar installations over the last decade, and as a result its rules for
constructing and operating solar facilities are much more developed than those of Minnesota. | have attached three
documents detailing the cost estimates for decommissioning and summarizing the steps County and local
governments can take to integrate solar panels into their electricity mix while ensuring the safety of the
environment and protecting local taxpayers from future liabilities.

Thank you for taking the time to consider my comments. Please feel free to reach out to me at

Isaac.orr@americanexperiment.org if you have any further questions.


https://nam12.safelinks.protection.outlook.com/?url=https%3A%2F%2Furldefense.com%2Fv3%2F__https%3A%2Fmedia.rff.org%2Fdocuments%2FRFF20Rpt20Decommissioning20Power20Plants.pdf__%3B!!A_0f8H6HUe0!q_wb52KH_I7rIQyOhLtBEB3pL6KFFb66gc9_3gSpg0o99tPEIV-3H-E0pSak-44%24&data=04%7C01%7CMichael.Mayer%40hdrinc.com%7C7241a112af8441f5847508d8b0eeccf2%7C3667e201cbdc48b39b425d2d3f16e2a9%7C0%7C0%7C637453888121968162%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=XN7NEeqK3MNEVNsflUpCGAuiYS4RfEPi8rae4nGIFBg%3D&reserved=0
mailto:Isaac.orr@americanexperiment.org

Sincerely,

Isaac Orr

Policy Fellow

Energy and Environmental Policy

Center of the American Experiment (See attached file: final summary of solar rules.docx)(See
attached file: Summary and References for Decommissioning Costs- Final.docx)(See attached
file: NC Solar Ordinaces SEPGS Ordinance 10-6-20 final .docx)(See attached file: Metal
dissolution from end-of-life solar photovoltaicsin real landfill.pdf)(See attached file: Initial
metal contents and leaching rate constants of metals leached from.pdf)(See attached file:
Ecological and Human Health Risk Assessment of Metals Leached from End of Life Solar
Panels.pdf)



COMMENT LETTER 10

From: "Janell Miersch" <miers004@umn.edu>

To: HootLakeSolar@ci.fergus-falls.mn.us, brian.yavarow@ci.fergus-falls.mn.us, communications@otpco.com
Date: 12/30/2020 12:12 PM

Subject: Hoot Lake Solar Project comments

Regarding the Hoot Lake Solar Project:

As a retired water resources professional, | am a proponent of alternatives to fossil
fuels, but | do have concerns about this project as laid out in the Environmental
Assessment Worksheet (EAW). | am most concerned about some of the long-term
environmental impacts and future costs of the proposed solar project. The EAW is
mandatory under MN Rules 4410.4300 Subp. 3 for electric-generating facilities. The
Otter Tail Power EAW provided required information to the public about the project.
However, | believe it is not clear how the project will protect the environment as set
forth in Minnesota Rules 4410.

o If the entire project is fenced, how will wildlife move?

¢ With many wetlands on the site, are there provisions in place if they become
degraded during or after the installation?

e |t is very encouraging to note that native vegetation will be planted as a dual
use project to provide habitat for insects and wildlife. How will the proposed
vegetation be maintained?

e Have you considered a conservation grazing plan incorporating sheep to
maintain vegetation?

Although any solar energy project can have a useful life of 25 years or more, it is
important that the community understand the risks involved in decommissioning the
project. The City of Fergus Falls should require a physical plan for decommissioning
including how costs will be handled. Decommissioning, salvage value, and land



restoration costs should be included in the decommissioning cost calculation and
prepared by a licensed engineer. Those costs should not be borne by the City nor the
consumer. A letter of credit or other security instrument should be included and
updated every five years. | would like to be assured that OTPCO will implement
reasonable risk mitigation to protect the community and the environment for future
generations.

According to Minnesota law, the responsible governmental unit (RGU) must obtain
from the project proposer all information necessary to review, modify, and make a
decision. As RGU, the City of Fergus Falls could determine the need for an
Environmental Impact Statement (EIS) based on comments received during the EAW
comment period or additional information received or determined. It is my hope that
the City will consider all comments within the allowed 30 days prior to the final
decision.

Sincerely,

Janell Miersch

1727 South Court Street

Fergus Falls, MN 56537

miers004@umn.edu



mailto:miers004@umn.edu

COMMENT LETTER 11

From: "Joanne Wilner" <thewilners@yahoo.com>

To: "HootLakeSolar@ci.fergus-falls.mn.us" <HootLakeSolar@ci.fergus-falls.mn.us>
Date: 12/27/2020 08:28 AM

Subject: proposed solar farm

Brian Yarrow:

| find it necessary to voice my concerns about the proposed solar "farm”. | use the term farm lightly,
because planting a bunch of solar panels is certainly a far cry from agriculture. It seems that you are
basically re-zoning an area now considered agriculture/residential into a commercial area without
adequate public input. Most of us in the affected area have had little opportunity to voice our opinion. Yes,
| listened in on the Aurdal township Zoom meeting, but found it very lacking in answering concerns. It
doesn't seem right that we are asked to not get together with anyone outside our immediate household
because of Covid, but you can ram through this huge project without a true public forum.

It appears the main benefactor of this solar project is the City of Fergus Falls. Yet to add insult to injury
the plan is to send 150 construction vehicles, from dawn to dusk, down our already poor roads, so that
the nice citizens of Fergus Falls are not adversely affected by this project. Our only way out of Birchwood
Estates and Wilmont Estates is 229th to Highway 210 and Main into Fergus Falls, your proposed route.
The project representatives at the Aurdal township Zoom meeting didn't even know what entity is in
control of those roadways. So obviously you haven't bothered to tell these entities of your plans to totally
take over and destroy their roadways. Heaven forbid there is a need for fire or emergency vehicles into
our developments during the construction period.

What is the life span of the solar panels? Are they manufactured in the United States? What happens to
the panels if they are damaged? Do they end up in a land fill? We do have tornadoes and hail and wind
storms. | have relatives in western North Dakota where wind "farms" are big. Not only have those wind
farms destroyed the pristine countryside in the name of green energy, now there is already a need for a
landfill to to dump these huge, warn out and damaged monstrosities.

Wouldn't it make more sense to offer incentives to the Otter Tail Power Company customers, to install
private solar panels and sell back excess electricity? | see there are some incentives for commercial but |
couldn't find any rebates or incentives for private home owners.

| hope you will take my above stated concerns into consideration and pass concerns on to both the city of
Fergus Falls and Otter Tail Power Company.

Joanne Wilner
22999 Wilmont Estate Road
Fergus Falls, MN 56537



COMMENT LETTER 12

From: "Karen Terry" <kterry@umn.edu>

To: "Rud" <rud@prtel.com>, "Len_Taylor/City_of_Fergus_Falls@ci.fergus-falls.mn.us" <Len_Taylor/City_of_Fergus_Falls@ci.fergus-
falls.mn.us>, "Waltz, Christopher" <cwaltz@otpco.com>, "Craig Winters" <cwinters56@gmail.com>, "Jacob Nelson"
<jnelson@pheasantsforever.org>, "Janell Miersch" <miers004@umn.edu>, "Anthonisen, Erik (DNR)" <erik.anthonisen@state.mn.us>,
"Teresa Mann" <teremann@gmail.com>, "Ryan, Joanne D" <joanne_ryan@fws.gov>, "Cedar Walters" <cwalters@co.ottertail.mn.us>,
"Spencer McGrew" <smcgrew@co.ottertail.mn.us>, ken.garrahan@gmail.com

Cc: Lynne_Olson/City_of_Fergus_Falls@ci.fergus-falls.mn.us, "Ben Schierer" <ben.schierer@ci.fergus-falls.mn.us>

Date: 12/29/2020 02:33 PM

Subject: NRAC: Hoot Lake Solar Project Comment Period -- closes tomorrows

Hello All,

The public comment period for Otter Tail Power's Hoot Lake Solar Project
Environmental Assessment Worksheet (EAW) closes tomorrow. We have
not, as a committee, been given enough time to put together unified
comments, but Erik and | are encouraging each of you to submit comments
individually. Thanks to those of you who already have done so!

While we fully support the establishment of solar energy production, Erik
and | do have thoughts about how this project could be stronger. Those
include:

« exploring more thoroughly what vegetation is currently on site and
what will be planted, and how it will be maintained

« understanding how stormwater runoff will be managed during and
after construction

« exploring how wildlife movements will be impacted and how those
impacts can be mitigated

« establishing a decommissioning plan for the equipment and site



once it has served its purpose
« seeking to understand why the NRAC was not involved in the
development of the EAW

Here are resources about the project:

OTP's project website: https://www.otpco.com/about-us/energy-
generation/hoot-lake-solar/

Draft Environmental Assessment Worksheet:
https://www.otpco.com/media/3317/hoot-lake-solar_eaw-form.pdf

Public comment period

November 30 through December 30, 2020

Submit comments via email to Hootl akeSolar@ci.fergus-falls.mn.us or by
mail to Brian Yavarow, City of Fergus Falls, 112 West Washington Avenue,
PO Box 868, Fergus Falls, MN 56537.

Public hearing

The City of Fergus Falls held a public hearing on December 8, 2020.

Recorded meeting: Public Hearing for Hoot Lake Solar project

Presentation: Hoot Lake Solar EAW presentation
Feel free to reach out to me or Erik to discuss, and please consider

submitting comments today or tomorrow.
Peace,

Karen
KaenL. Terry

kterry@umn.edu | 218-770-9301

Practicing every day to embrace this lesson from Lao Tzu: “Be content in what you
have; rejoice in the way things are. When you realize there is nothing lacking, the
whole world belongs to you.”
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From: "Karen Terry" <kterry@umn.edu>

To: HootLakeSolar@ci.fergus-falls.mn.us

Cc: "Ben Schierer" <ben.schierer@ci.fergus-falls.mn.us>
Date: 12/30/2020 03:24 PM

Subject: Hoot Lake Solar Project Comments

Below are my comments on the Hoot Lake Solar Project EAW. While | fully
support the establishment of solar energy production, | do have thoughts
about how this project could be stronger and more sustainable Those
include:

» Please maximize the amount of native plantings within the project.
These plants are adapted to our climate, and our wildlife (including
pollinators) are adapted and dependent on them. Protect the
existing native planting on the CRP land, and consider planting
native species throughout the project site. A conservation grazing
plan using sheep or cattle could lead to less expensive and more
environmentally sustainable management. Native plants have other
benefits as well, including improved water quality and decreased
erosion.

« Please make sure that there is a thorough plan for stormwater runoff
management. The EAW addresses temporary holding basins during
construction, but it will also be important to ensure that the runoff in
the long-term does not increase volume or pollutants in the
surrounding wetlands or the Otter Tail River. There are multiple
ways that the runoff can be contained, and it should be a goal to



hold 100% of the stormwater on the project site.

« In the vein of being good neighbors and responsible business
operators, it is critical that Otter Tail Power establish a
decommissioning plan for the equipment disposal and site
restoration once the project has served its purpose. Although we
cannot know now what the recycling and repurposing options might
be in 25-35 years, it is imperative that an escrow-type account is
created and revisited every 3-5 years to adjust to cover all
anticipated end-of-project-life expenses.

« Lastly, as a co-chair of the City's Natural Resources Advisory
Committee, | am disappointed that our committee was not included
in the development of the EAW from early on in the process. The
members of our committee have a great deal of varied expertise,
experience, and passion around natural resources topics, and the
City has missed an opportunity to make the most of this group. |
believe that our input would have led to a stronger, more rigorous
EAW and, in the long run, better environmental outcomes.

Thank you for the opportunity to comment on this project. | would be happy
to discuss any of these points with you at your convenience.

Peace,
Karen

Karen L. Terry

kterry@umn.edu | 218-770-9301

Practicing every day to embrace this lesson from Lao Tzu: “Be content in what you have; rejoice in the
way things are. When you realize there is nothing lacking, the whole world belongs to you.”
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COMMENT LETTER 13

From: "katie tysdal" <ktysdal@hotmail.com>

To: "HootLakeSolar@ci.fergus-falls.mn.us" <HootLakeSolar@ci.fergus-falls.mn.us>

Cc: "Brian.Yavarow@ci.fergus-falls.mn.us" <Brian.Yavarow@ci.fergus-falls.mn.us>, "ben.schierer@ci.fergus-falls.mn.us"
<ben.schierer@ci.fergus-talls.mn.us>, "jm.fish@ci.tergus-falls.mn.us" <jm.fish@ci.tergus-falls.mn.us>, "krista.hagberg@ci.fergus-falls.mn.us"
<krista.hagberg@ci.fergus-falls.mn.us>, "tom.rufer@ci.fergus-falls.mn.us" <tom.rufer@ci.fergus-falls.mn.us>, "scott.kvamme@ci.fergus-
falls.mn.us" <scott.kvamme@ci.fergus-falls.mn.us>, "brent.thompson@ci.fergus-falls.mn.us" <brent.thompson@ci.fergus-falls.mn.us>,
"justin.arneson@ci.fergus-falls.mn.us" <justin.arneson@ci.fergus-falls.mn.us>, "anthony.hicks@ci.fergus-falls.mn.us"
<anthony.hicks@ci.fergus-falls.mn.us>, "Karoline Gustafson" <Karoline.Gustafson@ci.fergus-falls.mn.us>, "Andrew.Bremseth@ci.fergus-
falls.mn.us"

<Andrew.Bremseth@(ci.fergus-falls.mn.us>

Date: 12/27/2020 07:06 PM

Subject: Hoot Lake Solar EAW Comments

Attachments: EAW Response Final 12.27.20.pdf
Attachment 1 EQB Hoot Lake Solar Question 12.21.20.pdf
Attachment 2 Aurdal Attorney FF Solar Ordinance Email 10.28.20 Redacted.pdf

Solar energy development should be balanced with the protection of the public's health, safety and
general welfare. If the City of Fergus Falls does not update the solar ordinances to address large-
scale solar and require a Conditional Use Permit, the public will be left extremely vulnerable and the
impact will be significant. If it is determined this is the location for a solar farm, at the very least it
should be held to a standard of excellence to minimize impact and protect natural resources. EAW
comments and suggested mitigation are listed below (also attached for your convenience). Please
reply to this email to confirm receipt.

Otter Tail Power Hoot Lake Solar Farm

EAW Public Comments

Submitted by: Troy and Katie Tysdal, ktysdal@hotmail.com

Date: Dec. 27, 2020

Summary: A solar project of 50MW or greater would require a permit from the Minnesota Public Utilities Commission (MN
PUC). The Commission’s permitting process requires the production of an Environmental Assessment (EA) per Minnesota
Statute 216E.04. This project has the potential for significant environmental effects (Minnesota Rule 4410.1700) based on:
1) itis 49.9 MW (.1 MW less than the 50MW threshold for oversight by the MN PUC); 2) the number of acres and diverse
natural resources the project encompasses; and 3) the substantial amount of inaccuracies, potential impacts not identified,
or impacts not adequately addressed that are listed below. Therefore, the RGU should determine an EIS is required. Please
note, the Minnesota State Environmental Review Manager stated, “To my understanding, the Hoot Lake project has been
sized to, among other things, avoid triggering the Commission’s permitting process (see Attachment 1_EQB_Hoot Lake
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OtterTail Power Hoot Lake Solar Farm

EAW Public Comments

Submitted by: Troy and Katie Tysdal, ktysdal@ hotmail.com

Date: Dec. 27, 2020

Summary: A solar project of 50MW or greater would require a permit from the Minnesota Public Utilities Commission (MN PUC). The
Commission’s permitting process requires the production of an Environmental Assessment (EA) per Minnesota Statute 216E.04. This project has
the potential for significant environmental effects (Minnesota Rule 4410.1700) based on: 1) it is 49.9 MW (.1 MW less than the 50MW threshold
for oversight by the MN PUC); 2) the number of acresand diverse natural resources the project encompasses; and 3) the substantial amount of
inaccuracies, potential impacts not identified, or impacts not adequately addressed that are listed below. Therefore, the RGU should determine
an EISis required. Please note, the Minnesota State Environmental Review Manager stated, “To my understanding, the Hoot Lake project has
been sized to, among other things, avoid triggering the Commission’s permitting process (see Attachment1_EQB_Hoot Lake Solar
Question_12.21.20).” Thus, it is of criticalimportance that the RGU takes responsibility to ensure decisions are being made in the best interest of
the public’s health, safety, and wellbeing.

Environmental
Impactsldentified, but

Potential
Environmental Impacts
Not Identified

Inaccuraciesin

EAW Possible Mitigation

Not Adequately
Addressed

The City of Fergus Falls’ solar ordinance must be updated to
require a Conditional Use Permit and to address large-scale solar

Impact from the City of
Fergus Falls’ Solar

Ordinance Regulations
Being Very Minimal
and Insufficient in a
Number of Areas(This
statement is supported
by Aurdal Township’s
attorney, Jason Hill.
See Attachment
2_Aurdal_Attorney_FF
Solar Ordinance)

development in order to adequately protect the health, safety and
wellbeing of the people. If the City does not update their solar
ordinance, they need to be prepared to negotiate with Otter Tail
Power to have them commit tofollowing Aurdal Township’s solar
ordinance on the Aurdal land annexed for this project. If this is not
done, the City will be liable for increased financial damage done to
neighboring properties as a result of annexing land into lesser
regulations. (Note: Aurdal Township currently has a moratorium
and final draft of a solar ordinance they are willing to share with
the City.)

Visual
Impact/Screening

An EIS should be done to conduct ananalysis of the potential
visual impacts from the project. This includes solar panels, roads
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and fencing along with measures to avoid, minimize or mitigate
the visual effects. A plan must be required to show vegetative
screening or buffering of the system to mitigate for visual impacts.
All screening must be installed on the developer’s property. The
plan should also include the maintenance of the screening (e.g. if a
bush or tree dies, the developer needs toreplace it). A screening
plan must be part of the RGU’s Special Use Permit application and
require approval prior to construction. (References: Model Solar
Ordinance — Minnesota (p.9), Stearns County, Land Use and Zoning
Ordinance, 6-54)

Socio Economic Impact

An EIS should be conducted to study the socio economic impact to
homes surrounded by, and adjacent to, the solar farm. A financial
compensation plan should be required by the RGU for impacted
homeowners and that plan should not be contingent on OTP
getting a solar easement in return. A forensic appraiser and local
realtor stated depreciation will be significant. OTP has also
acknowledged depreciation, but repeatedly asserted that they are
under no legal obligation to compensate homeowners for
depreciation and that financial compensation will be provided
strictly out of their desire to be “good neighbors.” We have sought
legal consultation on this issue, and all voices have disagreed with
OTP’s assessment. However, they have unanimously concurred
that a homeowner does not have the financial means to bring
justice to a large corporation such as OTP, as their lawyers will
bury homeowners in paperwork and run them out of money. They
said the best option is for the RGU to require adequate financial
compensation to adjacent homeowners prior to the solar farm
being constructed.

(Note: OTP has stated they intend to work with homeowners on
an individual bases. In a public meeting, on Dec. 2, 2020, OTP
stated that other projects this size would cost 120 million to build.
The Hoot Lake Solar project is going to cost them $60 million. In
that context, they said this location is saving them approximately
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$10 million. Ina verbal offer presented to us on Dec. 22, 2020, OTP
offered us only 27% of what a professional forensic appraiser
calculated our anticipated depreciationto be, and there are strings
attached. Inreturn, OTP wants a solar easement across our
property which would prevent homeowners from having trees, or
constructing new buildings, that would cast shade on the solar
panels. If OTP compensated us for the full amount of our
calculated depreciation, it would only be 1.8% of the 10 million
they are saving by building in this location. OTP told us there are
eight homes they consider to be financially damaged by the solar
farm. If that is true, then fully compensating all homeowners for
depreciation is budget dust to them. Yet, OTP’sdesire to subsidize
this project on the backs of adjacent homeowners, and further
benefit their position with solar easements, makes it a necessity
that the RGU has this project thoroughly studied through an EIS
and develops a financial compensation plans for impacted
properties based on professional appraisals and professional
devaluations performed by those with experiencein solar energy.)

Setback from Roadway

Setback from Adjacent
Properties

The EAW setbacks are not adequate to minimize impact to
adjacent properties and roadways. EAW, p. 8, 30’ for front yard,
10’ side yards, 40’ outside of city limits. Setbacks from roadways is
not addressed in the EAW and this project will border a significant
stretch of HWY 210 and Main St.

Mitigation should include: 1) An EISto further study the impact;
and 2) the City of Fergus Falls’ solar ordinance should be revised to
align with Aurdal Township’s new solar ordinance, which will
include 300’ from residential dwellings, 150’ from property lines,
and 130’ from the center line of any road.

Decommissioning Plans

A detailed decommissioning plan should be required per city
ordinances and an EIS.

The Model Solar Ordinance — Minnesota (p.12) statesthe
following as a best practice:
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(V.A.1.7) A decommissioning plan shall be required toensure that
facilities are properly removed after their useful life.

a. Decommissioning of the system must occur in the event the
project is not in use for 12 consecutive months.

b. The plan shall include provisions for removal of all structures
and foundations, restoration of soil and vegetationand assurances
that financial resources will be available to fully decommission the
site.

c. Disposal of structuresand/or foundations shall meet the
provisions of the Model Community Solid Waste Ordinance.

d. Model Community may require the posting of a bond, letter of
credit or the establishment of an escrow account to ensure proper
decommissioning.

Impact to wildlife,
pollinators and the

soil if native grasses
and pollinator habitat
is not required to be
planted on a majority
of the project site, and
not requiredthat
wildlife friendly
fencing is used.

Site Management - The entire site design should include
installation and establishment of ground cover meeting the
beneficial habitat standard consistent with MN Statutes, section
216B.1642. An EISshould require a planting plan accompanied by
a completed BWSR “Project Planning Assessment Form” (Model
Solar Ordinance - Minnesota (p.10)

Fencing - The city must update their solar ordinance to require the
8.61 miles of fencing to be wildlife friendly fencing in all areas
possible to minimize impact, or this is completely left up to the
developer to decide afterthe EAW is approved.

Large-scale removal of mature trees should be discouraged.

Unbroken Native
Prairie

Lidar imagery from the DNR suggests the presence of unbroken
native prairie within the solar project boundaries on Buchholz land
parcel #03000310231001, and Mark Sand and Gravel
#06000010009000, #06000010008000. The DNR must do a ground
survey to identify the unbroken prairie sites and solar panels
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should not be allowed on any of these areasto protect our rare
natural resources.

The Minnesota Dept. of Natural Resources Commerecial Solar Siting
Guide, p.2, states: Native prairie is grassland that has never been
plowed and contains plant species representative of prairie
habitats. Inthe mid-1800s, eighteen million acres of prairie
covered Minnesota. Since then, more than 99% of native prairie
has been destroyed, and the 1% that remains consists mostly of
widely scattered fragments that are surrounded by agriculture and
development. Due tothe loss of this once widespread habitat,
many species found only in prairie have become rare; more than
one-third of Minnesota’s endangered, threatened, and special
concern species are dependent on the remaining small fragments
of prairie.

Lighting

Conduct an EISand require a lighting plan that would need the
approval of the RGU prior to construction. If lighting is part of this
project, the city needs to update their solar ordinance to mandate
the lighting be shielded and downcast so that it doesn’t spill onto
adjacent properties. (Note, this will be included the Aurdal
Township’s solar ordinance.)

Grading

A contour map before and after grading should be required in the
EIS and presented to the RGU for comment and approval or denial.

10.

Noise
e Construction
e Panels resetting

1. Construction Noise - The city allows construction between 7am-
10pm M-F, and 9am-9pm on weekends and holidays. This project
is going to be over an extended amount of time (OTP projects 8 to
10 months) and the noise of construction is not addressed in the
EAW. An EISis needed and should require piling installation
timelines and durations. At a minimum, the city should update
their solar ordinance to adopt Chisago County, p.8, #2,
construction noise language, which will also be included in Aurdal
Township’s ordinance: The piling installation construction phase of
every project generates repetitive audible noise and is extremely
disruptive. Piling installation timelines and durations shall be






identified in the application and consolidated into the shortest
most confined time period possible. Installation of pilings shall take
place only during permittee identified daytime and weekday hours
which may be further limited by permit conditions if in close
proximity to existing residences. Piling installation shall cease on
Sundays and be limited between the hours of 7am-6pm on

Saturdays.

2. Panels Resetting — The decibels of 150,000 panels resetting at
the end of every day should be disclosed.

11.

Solar Panel Spacing

This should be in the EAW and required as part of the site plan
application for a Conditional Use Permit. The City’s solar ordinance
must be updated torequire a Conditional Use Permit.

12.

Cover Types, p.5,
#7, Developed
84.36 Acres

Solar Panels

Cover Types, p.5, #7, under ‘developed’, there will be more than
84.36 acres of solar panels. This chart has inaccuracies. OTP should
also be required to include before and after for the acres of native
prairie grasses and pollinator habitat, especially being many acres
are being taken out of CRP.

13.

Impact to Adjacent
Property Owners’ Land
Use (e.g. hunting, solar
easements)

Many adjacent homeowners live on land outside of city limits and
enjoy hunting. How will this be impacted? Solar easementsrestrict
what property owners can plant or build on their own property.
What if homeowners and OTP do not come to an agreement
regarding a solar easement?

The City’s solar ordinance needs to be updated to include:
“Installation of a solar system shall not constitute a right to
sunlight from any adjoining property, nor does the Township
assure access to sunlight.” (Note, this will be included in Aurdal
Township’s ordinance.)

14.

Easement Disclosures

Land easements on the site for the Hoot Lake Solar project should
be disclosed as part of an EIS.

15.

Location and Size of
Abandoned and/or
Active Waste Sites,

Require an EISthat would have a map of the location and size of
any abandoned and/or active waste sites, wells, sewage treatment
systems, and dumps.






Wells, Sewage
Treatment Systems,
Dumps

16.

Access Road Location

Require a map with the location of access roads in an EIS and part
of the application for a Conditional Use Permit.

17.

Erosion and Sediment
Control Measures

Require an EISand plan from OTP to control erosion and sediment.
This is especially important being 60% of the soil is rated as severe
for erosion (EAW p.11).

18.

Solar Panel
Maintenance Plan

OTP’s plan to remove and repair damagedsolar panels, including a
time limit for repair and commitment that the ground will remain
free of debris. Solar panels often contain lead, cadmium and other
toxic chemicals. OTP has said these will be bi-facial panels, which
increases the amount of chemicals (150,000 panels x2 sides) and
potential for damage. The RGU should also be allowed access to
the solar farm to inspect solar panels if there are concerns the
maintenance plan is not being met.

19.

Tax Revenue

Require OTP to give the City a number (not a percentage) for
projected revenue per year so the City can effectively evaluate if
this is indeed the spot where a solar farm would create minimal
impact and maximum benefit to the community of Fergus Falls.
Renewable energy has significant tax subsidies that could result in
significantly less revenue than what the City is projecting.

20.

Plan to Restore
Natural Systems

There is a remarkable amount of natural systems on this and
surrounding parcels, around 35 wetlands and two listed lakes
greaterthanten acres. This is not the place for a solar farmthat
would cause minimal impact to the environment and people. If
this project has to happen here, the site should be a model for
restoring natural systems and integrating clean energy production.

21.

Maintenance of Main
St. and 229t

There is a long history regarding the maintenance of these roads.
Grading alone will not be sufficient for the increased traffic and
heavy construction vehicles. There must be a writtenagreementin
place with Dane Prairie, Aurdal and Buse townships prior to
construction starting so they are not financially liable for
maintenance issues that will arise due to this project.






22.

Ash Impound

An EIS should be conducted to further study the impact of arsenic
and other hazardous waste that has the potential to leach out of
the ash impound and contaminate drinking water. OTP should be
required to: 1) pay for well water testson adjacent privately
owned properties to study and identify if any inorganic arsenic or
mercury is present; 2) give the city routine ground water
monitoring results monthly during construction and bi-monthly
after construction is completed; 3) OTP should be required to have
a plan to mitigate any issues that could arise after the solar panels
areinstalled.

We have high arsenic levels in our well water. Ifinorganic arsenic
is identified in properties within close proximity of the ash
impound, a solar farm should not be permitted in this location as
the impact could be detrimentalto the public’s safety and
wellbeing.

23.

Comprehensive City
Development Plan

A comprehensive plan should be done that involves multiple
stakeholders, including residential developers and local realtors, to
assess the impact and potential for restricting future residential
expansion. The City has limited growth tothe west due to rich and
expensive farmland; south of the city is cut off by 1-94, parks and
protectedland; and there is limited growthto the north. Growth
to the eastis the best option for future residential expansion; the
solar farm will cut off this potential for development.

24.

Electromagnetic
Compatibility (EMC)
Study

An Electromagnetic Compatibility (EMC) study should be done to
assess whether an electromagneticimpactis likely to occur. The
solar farm should be designed to prevent any stray voltage from
affecting adjacent properties or causing interference with the
operation of electrical appliances or electronic equipment on
adjacent properties. In the event such disturbances occur, or
are alleged to occur, such disturbances should be required to
be mitigated to the satisfaction of the RGU. Given the close
proximity of inverters to numerous residential dwellings, this
could be a source of significant impact. (Reference:






www.pagerpower.com/news/solar-farms-electromagnetic-
interference-emi/)




https://www.pagerpower.com/news/solar-farms-electromagnetic-interference-emi/

https://www.pagerpower.com/news/solar-farms-electromagnetic-interference-emi/




From: katie tysdal

To: Tysdal, Katie J

Subject: Fwd: EAW Solar Question

Date: Monday, December 21, 2020 9:45:12 AM
Attachments: image003.png

Sent from my iPhone

Begin forwarded message:

From: katie tysdal <ktysdal@hotmail.com>
Date: December 21, 2020 at 9:17:48 AM CST
To: Troy Tysdal <ttysdal@clba.org>

Subject: Fwd: EAW Solar Question

Sent from my iPhone

Begin forwarded message:

From: "Kirsch, Raymond (COMM)" <raymond.kirsch@state.mn.us>
Date: December 21, 2020 at 9:15:16 AM CST

To: katie tysdal <ktysdal@hotmail.com>

Cc: "Kirsch, Raymond (COMM)" <raymond.kirsch@state.mn.us>,
"Hapka, Katrina (EQB)" <Katrina.Hapka@state.mn.us>

Subject: RE: EAW Solar Question

Ms. Tysdal,

Good day. Thanks for your note. | will try to answer your questions here.
| have copied Katrina Hapka, a Minnesota Environmental Quality Board
(EQB) staffer. Katrina may also be able to assist you.

1. To my understanding, after completing an EAW, a responsible
governmental unit (RGU) must determine if the project has “the
potential for significant environmental effects.” See Minnesota
Rule 4410.1700. If the project has this potential, then an EIS is
required; if not, then an EAW is sufficient and the RGU may
proceed to make a permitting decision based on the EAW.

2. If the project were larger (50 MW or greater), then it would require
a permit from the Minnesota Public Utilities Commission. The
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DEPARTMENT






Commission’s permitting process requires the production of an
environmental assessment (EA). See Minnesota Statute 216E.04.
To my understanding, the Hoot Lake project has been sized to,
among other things, avoid triggering the Commission’s permitting
process (49.9 MW).

| hope this is helpful. Please get back to me with any questions. Best
regards,

Ray

Ray Kirsch

Environmental Review Manager
651-539-1841
mn.gov/commerce/energyfacilities

Minnesota Department of Commerce
85 7th Place East, Suite 280 | Saint Paul, MN 55101

ml y COMMERCE
" DEPARTMENT

From: katie tysdal <ktysdal@hotmail.com>

Sent: Saturday, December 19, 2020 2:41 PM

To: Kirsch, Raymond (COMM) <raymond.kirsch@state.mn.us>
Subject: EAW Solar Question

This message may be from an external email source.
Do not select links or open attachments unless verified. Report all suspicious emails to
Minnesota IT Services Security Operations Center.

Hello Mr. Kirsch,

What is the threshold requirement for an EIS for large-scale solar? Otter
Tail Power is planning 49.9MW, 150,000 panels on land that includes ash
impounds, wetlands, and they are completely surrounding some homes
(see map

here https://drive.google.com/file/d/1DM_FI_bQyvjgVzOhNvZg5PZ2t 4ZWOvMU /view?
usp=drivesdk). The EAW closes on 12/30 and | don’t think the city is going
to require an EIS, which is very concerning, especially being the city’s solar
ordinances don’t require a special use permit. The EAW can be found

at www.otpco.com/hootlakesolar. The EAW has many things it doesn’t
address that | will be emailing the city about (lighting, density of panels,
unbroken native prairie, maintenance of panels if they break,
decommissioning plan, etc), but | fear it will all be ignored because the




https://nam02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.revisor.mn.gov%2Fstatutes%2Fcite%2F216E.04&data=04%7C01%7Ckatie.tysdal%40minnesota.edu%7Cfef566cbf3ff4a9c9ab008d8a5c76507%7C5011c7c60ab446ab9ef4fae74a921a7f%7C0%7C0%7C637441623120796651%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=GCAieQnLhXAOAvhvmhfT25gWhDggVKW3D04F4v2hpls%3D&reserved=0

https://nam02.safelinks.protection.outlook.com/?url=http%3A%2F%2Fmn.gov%2Fcommerce%2Fenergyfacilities&data=04%7C01%7Ckatie.tysdal%40minnesota.edu%7Cfef566cbf3ff4a9c9ab008d8a5c76507%7C5011c7c60ab446ab9ef4fae74a921a7f%7C0%7C0%7C637441623120796651%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=zGgj7YGfD23Jwx4U0klC%2B7r6QeMw4LI7YgLCUrCgCSM%3D&reserved=0

https://nam02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdrive.google.com%2Ffile%2Fd%2F1DM_FI_bQyjqVzOhNvZg5PZ2t_4ZW0vMU%2Fview%3Fusp%3Ddrivesdk&data=04%7C01%7Ckatie.tysdal%40minnesota.edu%7Cfef566cbf3ff4a9c9ab008d8a5c76507%7C5011c7c60ab446ab9ef4fae74a921a7f%7C0%7C0%7C637441623120806585%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=nRYjzM4B5vxjNdsrY6oJ9JkncsCyQu29gSGnnSxF3uI%3D&reserved=0

https://nam02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdrive.google.com%2Ffile%2Fd%2F1DM_FI_bQyjqVzOhNvZg5PZ2t_4ZW0vMU%2Fview%3Fusp%3Ddrivesdk&data=04%7C01%7Ckatie.tysdal%40minnesota.edu%7Cfef566cbf3ff4a9c9ab008d8a5c76507%7C5011c7c60ab446ab9ef4fae74a921a7f%7C0%7C0%7C637441623120806585%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=nRYjzM4B5vxjNdsrY6oJ9JkncsCyQu29gSGnnSxF3uI%3D&reserved=0

x-apple-data-detectors://1/

https://nam02.safelinks.protection.outlook.com/?url=http%3A%2F%2Fwww.otpco.com%2Fhootlakesolar&data=04%7C01%7Ckatie.tysdal%40minnesota.edu%7Cfef566cbf3ff4a9c9ab008d8a5c76507%7C5011c7c60ab446ab9ef4fae74a921a7f%7C0%7C0%7C637441623120806585%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=cPt2vq3rCpaeNyYCARn6K90Fq%2FwI%2BXlmZtKTQJyhD%2F4%3D&reserved=0



city is eager to annex this project and benefit from the tax revenue.
Thank you for explaining what similar projects would require. |
understand the EAW/EIS process isn’t to approve or deny a project, but |
think the community should have the right to a comprehensive impact
study, especially being this is going in city limits.

Best regards,

Katie Tysdal

Sent from my iPhone
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SR
kbrennan@prtel.com

From: "Hill, Jason M" <JHill@Kennedy-Graven.com>
Date: Wednesday, October 28, 2020 3:25 PM

To: <kbrennan@prtel.com>

Subject:  RE: Aurdal Township - Solar Farm Ordinance (Moritorium)

Kevin,

With regard to your specific questions —

1. “We believe the way the city ordinance is written they would not even need a permit?” — This is correct.
“Solar farms” are broadly defined in the City Code, and they are allowed as a permitted use in the R-A
(Agricultural-Residence) District. The area surrounding the proposed solar farms is zoned R-A, so if they
annexed additional area, it would make sense if it were also zoned R-A. The City Code does include standards
for solar farms regarding (1) height — 25 feet if ground-mounted, (2) setbacks for the R-A district, (3) distribution
lines, (4) UL listing for components, (5) building code compliance, (6) electrical code compliance, (7) utility
notice, (8) abandonment, (9) fencing, (10) access of emergency service vehicles, and (11) signage. Although the
Code covers a number of key areas, the regulations are very minimal and insufficient in a number of areas,
particularly with regard to abandonment/reclamation.

10/28/2020










Solar Question_12.21.20).” Thus, it is of critical importance that the RGU takes responsibility to ensure decisions are being

made in the best interest of the public’s health, safety, and wellbeing.

Inaccuracies
in EAW

Potential Environmental

Impacts Not Identified

Environmental
Impacts
|dentified, but
Not Adequately
Addressed

Possible Mitigation

Impact from the City of
Fergus Falls’ Solar
Ordinance Regulations
Being Very Minimal and
Insufficient in a Number
of Areas (This statement

The City of Fergus Falls’ solar ordinance must be
updated to require a Conditional Use Permit and to
address large-scale solar development in order to
adequately protect the health, safety and wellbeing of
the people. If the City does not update their solar
ordinance, they need to be prepared to negotiate with
Otter Tail Power to have them commit to following

1. is supported by Aurdal Aurdal Township’s solar ordinance on the Aurdal land
Township’s attorney, annexed for this project. If this is not done, the City
Jason Hill. See will be liable for increased financial damage done to
Attachment neighboring properties as a result of annexing land
2_Aurdal_Attorney FF into lesser regulations. (Note: Aurdal Township
Solar Ordinance) currently has a moratorium and final draft of a solar
ordinance they are willing to share with the City.)
An EIS should be done to conduct an analysis of the
potential visual impacts from the project. This includes
solar panels, roads and fencing along with measures to
avoid, minimize or mitigate the visual effects. A plan
must be required to show vegetative screening or
buffering of the system to mitigate for visual impacts.
All screening must be installed on the developer’s
5 Visual Impact/Screening property. The plan should also include the

maintenance of the screening (e.g. if a bush or tree
dies, the developer needs to replace it). A screening
plan must be part of the RGU’s Special Use Permit
application and require approval prior to construction.
(References: Model Solar Ordinance — Minnesota

(p.9), Stearns County, Land Use and Zoning Ordinance
6-54)

An EIS should be conducted to study the socio
economic impact to homes surrounded by, and
adjacent to, the solar farm. A financial compensation
plan should be required by the RGU for impacted
homeowners and that plan should not be contingent
on OTP getting a solar easement in return. A forensic
appraiser and local realtor stated depreciation will be
significant. OTP has also acknowledged depreciation,
but repeatedly asserted that they are under no legal
obligation to compensate homeowners for
depreciation and that financial compensation will be
provided strictly out of their desire to be “good
neighbors.” We have sought legal consultation on this
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Socio Economic Impact

issue, and all voices have disagreed with OTP’s
assessment. However, they have unanimously
concurred that a homeowner does not have the
financial means to bring justice to a large corporation
such as OTP, as their lawyers will bury homeowners in
paperwork and run them out of money. They said the
best option is for the RGU to require adequate
financial compensation to adjacent homeowners prior
to the solar farm being constructed.

(Note: OTP has stated they intend to work with
homeowners on an individual bases. In a public
meeting, on Dec. 2, 2020, OTP stated that other
projects this size would cost 120 million to build. The
Hoot Lake Solar project is going to cost them $60
million. In that context, they said this location is saving
them approximately $10 million. In a verbal offer
presented to us on Dec. 22, 2020, OTP offered us only
27% of what a professional forensic appraiser
calculated our anticipated depreciation to be, and
there are strings attached. In return, OTP wants a solar
easement across our property which would prevent
homeowners from having trees, or constructing new
buildings, that would cast shade on the solar panels. If
OTP compensated us for the full amount of our
calculated depreciation, it would only be 1.8% of the
10 million they are saving by building in this location.
OTP told us there are eight homes they consider to be
financially damaged by the solar farm. If that is true,
then fully compensating all homeowners for
depreciation is insignificant compared to what they
are saving. Yet, OTP’s desire to subsidize this project
on the backs of adjacent homeowners, and further
benefit their position with solar easements, makes it a
necessity that the RGU has this project thoroughly
studied through an EIS and develops a financial
compensation plans for impacted properties based on
professional appraisals and professional devaluations
performed by those with experience in solar energy.)

Setback from Roadway

Setback from
Adjacent
Properties

The EAW setbacks are not adequate to minimize
impact to adjacent properties and roadways. EAW, p.
8, 30’ for front yard, 10’ side yards, 40’ outside of city
limits. Setbacks from roadways is not addressed in the
EAW and this project will border a significant stretch
of HWY 210 and Main St.

Mitigation should include: 1) An EIS to further study
the impact; and 2) the City of Fergus Falls’ solar
ordinance should be revised to align with Aurdal
Township’s new solar ordinance, which will include
300’ from residential dwellings, 150’ from property
lines, and 130" from the center line of any road.




Decommissioning Plans

A detailed decommissioning plan should be required
per city ordinances and an EIS.

The Model Solar Ordinance — Minnesota (p.12) states

the following as a best practice:

(V.A.1.7) A decommissioning plan shall be required to
ensure that facilities are properly removed after their
useful life.

a. Decommissioning of the system must occur in the
event the project is not in use for 12 consecutive
months.

b. The plan shall include provisions for removal of all
structures and foundations, restoration of soil and
vegetation and assurances that financial resources will
be available to fully decommission the site.

c. Disposal of structures and/or foundations shall meet
the provisions of the Model Community Solid Waste
Ordinance.

d. Model Community may require the posting of a
bond, letter of credit or the establishment of an
escrow account to ensure proper decommissioning.

Impact to
wildlife,
pollinators and
the soil if native
grasses and
pollinator habitat
is not required to
be planted on a
majority of the
project site, and
not required that
wildlife friendly
fencing is used.

Site Management - The entire site design should
include installation and establishment of ground cover
meeting the beneficial habitat standard consistent
with MN Statutes, section 216B.1642. An EIS should
require a planting plan accompanied by a completed
BWSR “Project Planning Assessment Form” (Model

Solar Ordinance - Minnesota (p.10

Fencing - The city must update their solar ordinance to
require the 8.61 miles of fencing to be wildlife friendly
fencing in all areas possible to minimize impact, or this
is completely left up to the developer to decide after
the EAW is approved.

Large-scale removal of mature trees should be
discouraged.

Unbroken Native Prairie

Lidar imagery from the DNR suggests the presence of
unbroken native prairie within the solar project
boundaries on Buchholz land parcel
#03000310231001, and Mark Sand and Gravel
#06000010009000, #06000010008000. The DNR must
do a ground survey to identify the unbroken prairie
sites and solar panels should not be allowed on any of
these areas to protect our rare natural resources.

The Minnesota Dept. of Natural Resources
Commercial Solar Siting Guide, p.2, states: Native
prairie is grassland that has never been plowed and
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10.

contains plant species representative of prairie
habitats. In the mid-1800s, eighteen million acres of
prairie covered Minnesota. Since then, more than 99%
of native prairie has been destroyed, and the 1% that
remains consists mostly of widely scattered fragments
that are surrounded by agriculture and development.
Due to the loss of this once widespread habitat, many
species found only in prairie have become rare; more
than one-third of Minnesota’s endangered,
threatened, and special concern species are
dependent on the remaining small fragments of
prairie.

Lighting

Conduct an EIS and require a lighting plan that would
need the approval of the RGU prior to construction. If
lighting is part of this project, the city needs to update
their solar ordinance to mandate the lighting be
shielded and downcast so that it doesn’t spill onto
adjacent properties. (Note, this will be included the
Aurdal Township’s solar ordinance.)

Grading

A contour map before and after grading should be
required in the EIS and presented to the RGU for
comment and approval or denial.

Noise
[ )

Construction
Panels
resetting

1. Construction Noise - The city allows construction
between 7am-10pm M-F, and 9am-9pm on weekends
and holidays. This project is going to be over an
extended amount of time (OTP projects 8 to 10
months) and the noise of construction is not
addressed in the EAW. An EIS is needed and should
require piling installation timelines and durations. At a
minimum, the city should update their solar ordinance
to adopt Chisago County, p.8, #2, construction noise
language, which will also be included in Aurdal
Township’s ordinance: The piling installation
construction phase of every project generates
repetitive audible noise and is extremely disruptive.
Piling installation timelines and durations shall be
identified in the application and consolidated into the
shortest most confined time period possible.
Installation of pilings shall take place only during
permittee identified daytime and weekday hours which
may be further limited by permit conditions if in close
proximity to existing residences. Piling installation shall
cease on Sundays and be limited between the hours of
Zam-6pm on Saturdays.

2. Panels Resetting — The decibels of 150,000 panels
resetting at the end of every day should be disclosed.

This should be in the EAW and required as part of the
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12.

13.

15.

18.

Solar Panel Spacing

site plan application for a Conditional Use Permit. The
City’s solar ordinance must be updated to require a
Conditional Use Permit.

Cover Types,
p.5, #7,
Developed
84.36 Acres
Solar Panels

Cover Types, p.5, #7, under ‘developed’, there will be
more than 84.36 acres of solar panels. This chart has
inaccuracies. OTP should also be required to include
before and after for the acres of native prairie grasses
and pollinator habitat, especially being many acres are
being taken out of CRP.

Impact to Adjacent
Property Owners’ Land
Use (e.g. hunting, solar
easements)

Many adjacent homeowners live on land outside of
city limits and enjoy hunting. How will this be
impacted? Solar easements restrict what property
owners can plant or build on their own property. What
if homeowners and OTP do not come to an agreement
regarding a solar easement?

The City’s solar ordinance needs to be updated to
include: “Installation of a solar system shall not
constitute a right to sunlight from any adjoining
property, nor does the Township assure access to
sunlight.” (Note, this will be included in Aurdal
Township’s ordinance.)

Easement Disclosures

Land easements on the site for the Hoot Lake Solar
project should be disclosed as part of an EIS.

Location and Size
of Abandoned
and/or Active
Waste Sites,
Wells, Sewage
Treatment
Systems, Dumps

Require an EIS that would have a map of the location
and size of any abandoned and/or active waste sites,
wells, sewage treatment systems, and dumps.

Access Road Location

Require a map with the location of access roads in an
EIS and part of the application for a Conditional Use
Permit.

Erosion and Sediment
Control Measures

Require an EIS and plan from OTP to control erosion
and sediment. This is especially important being 60%
of the soil is rated as severe for erosion (EAW p.11).

Solar Panel Maintenance
Plan

OTP’s plan to remove and repair damaged solar
panels, including a time limit for repair and
commitment that the ground will remain free of
debris. Solar panels often contain lead, cadmium and
other toxic chemicals. OTP has said these will be bi-
facial panels, which increases the amount of chemicals
(150,000 panels x2 sides) and potential for damage.
The RGU should also be allowed access to the solar
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20.

21.

22.

farm to inspect solar panels if there are concerns the
maintenance plan is not being met.

Tax Revenue

Require OTP to give the City a number (not a
percentage) for projected revenue per year so the City
can effectively evaluate if this is indeed the spot where
a solar farm would create minimal impact and
maximum benefit to the community of Fergus Falls.
Renewable energy has significant tax subsidies that
could result in significantly less revenue than what the
City is projecting.

Plan to Restore
Natural Systems

There is a remarkable amount of natural systems on
this and surrounding parcels, around 35 wetlands and
two listed lakes greater than ten acres. This is not the
place for a solar farm that would cause minimal impact
to the environment and people. If this project has to
happen here, the site should be a model for restoring
natural systems and integrating clean energy
production.

Maintenance of
Main St. and

229th

There is a long history regarding the maintenance of
these roads. Grading alone will not be sufficient for
the increased traffic and heavy construction vehicles.
There must be a written agreement in place with Dane
Prairie, Aurdal and Buse townships prior to
construction starting so they are not financially liable
for maintenance issues that will arise due to this
project.

Ash Impound

An EIS should be conducted to further study the
impact of arsenic and other hazardous waste that has
the potential to leach out of the ash impound and
contaminate drinking water. OTP should be required
to: 1) pay for well water tests on adjacent privately
owned properties to study and identify if any inorganic
arsenic or mercury is present; 2) give the city routine
ground water monitoring results monthly during
construction and bi-monthly after construction is
completed; 3) OTP should be required to have a plan
to mitigate any issues that could arise after the solar
panels are installed.

We have high arsenic levels in our well water. If
inorganic arsenic is identified in properties within close
proximity of the ash impound, a solar farm should not
be permitted in this location as the impact could be
detrimental to the public’s safety and wellbeing.

A comprehensive plan should be done that involves
multiple stakeholders, including residential developers
and local realtors, to assess the impact and potential




for restricting future residential expansion. The City
Comprehensive City has limited growth to the west due to rich and

23. Development Plan expensive farmland; south of the city is cut off by 1-94,
parks and protected land; and there is limited growth
to the north. Growth to the east is the best option for
future residential expansion; the solar farm will cut off
this potential for development.

An Electromagnetic Compatibility (EMC) study should
be done to assess whether an electromagnetic impact

is likely to occur. The solar farm should be
designed to prevent any stray voltage from
affecting adjacent properties or causing
interference with the operation of electrical
appliances or electronic equipment on

adjacent properties. In the event such
Electromagnetic

disturbances occur, or are alleged to occur,
24, Compatibility (EMC) Study

such disturbances should be required to be
mitigated to the satisfaction of the RGU.
Given the close proximity of inverters to
numerous residential dwellings, this could
be a source of significant impact.
(Reference:

www.pagerpower.com/news/solar-farms-
electromagnetic-interference-emi/)

(See attached file: EAW Response_Final _12.27.20.pdf)(See attached file: Attachment 1 EQB_Hoot
Lake Solar Question_12.21.20.pdf)(See attached file: Attachment 2_Aurdal_Attorney FF Solar
Ordinance_Email 10.28.20 Redacted.pdf)
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From: katie tysdal

To: Tysdal, Katie J

Subject: Fwd: EAW Solar Question

Date: Monday, December 21, 2020 9:45:12 AM
Attachments: image003.png

Sent from my iPhone

Begin forwarded message:

From: katie tysdal <ktysdal@hotmail.com>
Date: December 21, 2020 at 9:17:48 AM CST
To: Troy Tysdal <ttysdal@clba.org>

Subject: Fwd: EAW Solar Question

Sent from my iPhone

Begin forwarded message:

From: "Kirsch, Raymond (COMM)" <raymond.kirsch@state.mn.us>
Date: December 21, 2020 at 9:15:16 AM CST

To: katie tysdal <ktysdal@hotmail.com>

Cc: "Kirsch, Raymond (COMM)" <raymond.kirsch@state.mn.us>,
"Hapka, Katrina (EQB)" <Katrina.Hapka@state.mn.us>

Subject: RE: EAW Solar Question

Ms. Tysdal,

Good day. Thanks for your note. | will try to answer your questions here.
| have copied Katrina Hapka, a Minnesota Environmental Quality Board
(EQB) staffer. Katrina may also be able to assist you.

1. To my understanding, after completing an EAW, a responsible
governmental unit (RGU) must determine if the project has “the
potential for significant environmental effects.” See Minnesota
Rule 4410.1700. If the project has this potential, then an EIS is
required; if not, then an EAW is sufficient and the RGU may
proceed to make a permitting decision based on the EAW.

2. If the project were larger (50 MW or greater), then it would require
a permit from the Minnesota Public Utilities Commission. The
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Commission’s permitting process requires the production of an
environmental assessment (EA). See Minnesota Statute 216E.04.
To my understanding, the Hoot Lake project has been sized to,
among other things, avoid triggering the Commission’s permitting
process (49.9 MW).

| hope this is helpful. Please get back to me with any questions. Best
regards,

Ray

Ray Kirsch

Environmental Review Manager
651-539-1841
mn.gov/commerce/energyfacilities

Minnesota Department of Commerce
85 7th Place East, Suite 280 | Saint Paul, MN 55101

ml y COMMERCE
" DEPARTMENT

From: katie tysdal <ktysdal@hotmail.com>

Sent: Saturday, December 19, 2020 2:41 PM

To: Kirsch, Raymond (COMM) <raymond.kirsch@state.mn.us>
Subject: EAW Solar Question

This message may be from an external email source.
Do not select links or open attachments unless verified. Report all suspicious emails to
Minnesota IT Services Security Operations Center.

Hello Mr. Kirsch,

What is the threshold requirement for an EIS for large-scale solar? Otter
Tail Power is planning 49.9MW, 150,000 panels on land that includes ash
impounds, wetlands, and they are completely surrounding some homes
(see map

here https://drive.google.com/file/d/1DM_FI_bQyvjgVzOhNvZg5PZ2t 4ZWOvMU /view?
usp=drivesdk). The EAW closes on 12/30 and | don’t think the city is going
to require an EIS, which is very concerning, especially being the city’s solar
ordinances don’t require a special use permit. The EAW can be found

at www.otpco.com/hootlakesolar. The EAW has many things it doesn’t
address that | will be emailing the city about (lighting, density of panels,
unbroken native prairie, maintenance of panels if they break,
decommissioning plan, etc), but | fear it will all be ignored because the
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city is eager to annex this project and benefit from the tax revenue.
Thank you for explaining what similar projects would require. |
understand the EAW/EIS process isn’t to approve or deny a project, but |
think the community should have the right to a comprehensive impact
study, especially being this is going in city limits.

Best regards,

Katie Tysdal

Sent from my iPhone
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SR
kbrennan@prtel.com

From: "Hill, Jason M" <JHill@Kennedy-Graven.com>
Date: Wednesday, October 28, 2020 3:25 PM

To: <kbrennan@prtel.com>

Subject:  RE: Aurdal Township - Solar Farm Ordinance (Moritorium)

Kevin,

With regard to your specific questions —

1. “We believe the way the city ordinance is written they would not even need a permit?” — This is correct.
“Solar farms” are broadly defined in the City Code, and they are allowed as a permitted use in the R-A
(Agricultural-Residence) District. The area surrounding the proposed solar farms is zoned R-A, so if they
annexed additional area, it would make sense if it were also zoned R-A. The City Code does include standards
for solar farms regarding (1) height — 25 feet if ground-mounted, (2) setbacks for the R-A district, (3) distribution
lines, (4) UL listing for components, (5) building code compliance, (6) electrical code compliance, (7) utility
notice, (8) abandonment, (9) fencing, (10) access of emergency service vehicles, and (11) signage. Although the
Code covers a number of key areas, the regulations are very minimal and insufficient in a number of areas,
particularly with regard to abandonment/reclamation.

10/28/2020



From: "katie tysdal" <ktysdal@hotmail.com>

To: "HootLakeSolar@ci.fergus-falls.mn.us" <HootLakeSolar@ci.fergus-falls.mn.us>

Cc: "Andrew Bremseth" <Andrew.Bremseth@ci.fergus-falls.mn.us>, "Brian.Yavarow@ci.fergus-falls.mn.us"
<Brian.Yavarow@sci.fergus-falls.mn.us>

Date: 12/30/2020 08:58 AM

Subject: EAW Comment

Please add this to my comments submitted on 12/27, under the ash impound section:

At the Aurdal Township meeting on Dec. 17, OTP was asked where the location was of the
unlined ash impounds cited in the EAW. OTP said that ash was removed in 2014 and did not
say where the piles were, or how much they removed. The location of the unlined ash
impounds should be disclosed and further study should be done, including soil and water
samples in those locations. We moved to our home in 2017 and have arsenic in our well
water. When we reached out to OTP to inquire if there was a possibility the source could be
from the ash, it was never mentioned that there were unlined ash pits in the area and that
they were removed as recently as 2014. If there is contamination in these areas, the soil
should not be further disturbed with grading, installation of solar panels, and water runoff
from the panels as it puts the public's health at risk. If OTP is allowed to develop the solar farm
in these areas and arsenic, mercury or other inorganic hazardous waste is present, these areas
should be closely monitored (in conjunction with the city for transparency), OTP should have a
mitigation plan, and any fluctuation in test results should require swift action by OTP to
resolve the situation.

Thank you,

Katie Tysdal



COMMENT LETTER 14

December 18, 2020

City of Fergus Falls

Attn: Brian Yavarow
112 W. Washington Ave.
Fergus Falls, MIN 56537

RE: The Otter Tail Power Hoot Lake Solar Project.

Dear Brian,

As you know the Fergus Falls Fish & Game Club owns fand that is on the west side of the proposed OTP Hoot Lake
Solar project. On this property we have a waltking trail that many people use for exercise and viewing nature. We
are an organization that has been in existence for over 100 years and are very concerned with the preservation
and enhancement of our great outdoor resources and habitat. From what we have seen and heard about the OTP
HL Solar project; we would like to voice our concerns with a project of this magnitude. We also do understand the
reasons that OTP has chosen this site for their Solar project. If this project is going to move forward, we would
like to present some items that we would iike to see put into the project to try and make the best of it for wildlife
and habitat. The following are some items that we would like you to consider.

* As with our One Mile property we understand that there are areas on the property to the east of us that
also have Native Prairie on it. This land has never seen a plow and there is very little of this type of land
left in the State of Minnesota. We would ask if this land could be identified and would not be developed
for the project.

e We understand that there are numerous drained wetlands on OTP’s property. We could see the
opportunity to restore or enhance these wetlands. One method that could be used would be to install
ditch plugs to hold water in these areas. These structures could be helpful for restoration and could also
be useful for crossing paoints for equipment and Sclar cells.

e We would also like to see the planting of native pollinator plants. These may not be plants that would
work on the whole project, but wherever possible. Also, there may be other grasses or plants that would
work where taller plants would interfere with the Solar cells, yet would benefit wildlife or habitat,

¢ Also, we understand that there will be fencing installed around the perimeter of the project, It would be
nice if this fencing would be wildlife friendly and not an eye sore,

For the items that we have mentioned we may be able to offer some advice and recommendations. We do have
meimbers of our club that have years of background in habitat restoration and enhancement of land. There may
be programs cut there that could help with funding or recommendations that would work in this setting. The
Fergus Falls Fish & Game Club would like to be part of this project if we can help in making it better for wildlife
and habitat. Please keep us informed as this project moves along.

Thank you,

‘W@f\))w, oA

Mike Rheault
FFF&GC Treasurer



COMMENT LETTER 15

From: "Molly Stoddard" <msprairiefairie@gmail.com>
To: HootLakeSolar@ci.fergus-falls.mn.us

Date: 12/30/2020 06:22 PM

Subject: Public comment for Hoot Lake Solar

Hi, I'm bsubmitting comments as a private citizen. Thank you for the opportunity.

First I'd like to applaud the city of Fergus Falls and Otter Tail Power Company for investing in
green energy, a green economy, and green infrastructure. The benefits to our residents and
visitors include cleaner air, an important health benefit, and of course fewer fossil fuel
emissions which contribute to climate change. As an Otter Tail Power customer and resident
of Fergus Falls, I'm very pleased to see the direction both are taking towards a more
sustainable future ecologically and economically by diversifying energy resources. I'm so glad
to be writing this letter instead of opposing another coal plant or oil pipeline. It's a perfectly
appropriate type of development to take place on the chosen location. As arecreational
kayaker, | appreciate that not every foot of river shoreline needs to have housing or
commercia building. | support the Hoot L ake Solar project.

My questions...

1. Why isn't OTPC including the big mowed field on the hill north of the Hoot L ake power
plant on the project area map?

2. What is the purpose of the fence? Isit really necessary? Seems like alot of fence. Why not
let wildlife continue to use the area? Or isit to keep people out and if so, why? Isit unsafe?

My recommendationsin no particular order:

1. Provide public tours of the finished facility for residents and visitors to help educate others
about solar energy.



2. Partner with local school districts to provide educational experiences so area students have
the opportunity to learn about solar energy.

3. Partner with local conservation agenciesto identify drained and filled wetlands on the site
and restore them prior to restoring any prairie or installing panels.

4. Partner with local conservation agencies to restore more than the targeted 16 acres of native
prairie. Prairie plants grow and bloom at many heights starting with ground level in early
spring. Species that reach less than 12 inches in height can be chosen to grow under the solar
panelsinstead of placing gravel which will require spraying to maintain at a detriment to the
very pollinators attracted to the fence line prairie plantings. Any restored prairie acreage can
be included in the Fergus Falls Mayors Monarch Pledge.

5. To save on landfill space, require Otter Tail Power Company to repurpose and recycle as
much of the Hoot Lake Power Plant as possible upon decommissioning it.

6. For the best possible sustainability, require OTPC to create and maintain aregularly
researched and updated plan for repurposing and recycling the solar panels when they reach
their expected life span of 35 years.

7. Involve local students in assisting in planting native prairie seeds and plants on the site.

8. Provide a self guided walking or hiking trail open to the public year round on site with
interpretive signage about the site. Perhaps link it to the North Country National Scenic Trail
which runs nearby at One Mile Lake Prairie.

9. Provide signage near the Otter Tail River identifying the site and inviting canoeists and
kayakersto land their crafts, stretch their legs, and learn more.

Thanks again for this chance to provide you with some input. I'm excited to see how this solar
project takes shape. If you have any questions, please feel free to contact me.

Molly Stoddard
520 W Douglas Ave
Fergus Falls

Email: msprairiefairie@gmail.com
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COMMENT LETTER 16

From: "Tegdesch, Elizabeth (MPCA)" <elizabeth.tegdesch@state.mn.us>

To: "HootLakeSolar@ci.fergus-falls.mn.us" <HootLakeSolar@ci.fergus-falls.mn.us>

Cc: "Kromar, Karen (MPCA)" <karen.kromar@state.mn.us>, "Card, Dan (MPCA)" <dan.card@state.mn.us>, "Getman, Roberta (MPCA)"
<roberta.getman@state.mn.us>, "Schroeder, Scott T (MPCA)" <scott.t.schroeder@state.mn.us>, "Ziegler, Jim (MPCA)"
<jim.ziegler@state.mn.us>

Date: 12/30/2020 10:09 AM

Subject: MPCA Comment Letter - Hoot Lake Solar

Attached are the Minnesota Pollution Control Agency’s comments on the Hoot Lake Solar Project Environmental
Assessment Worksheet.

Please acknowledge receipt of this comment letter to Karen Kromar at Karen.kromar@state.mn.us

Thank you.

Elizabeth Tegdesch
Environmental Review
651-757-2100

Elizabeth.tegdesch@state.mn.us

NOTICE: Thisemail (including attachments) is covered by the Electronic Communications Privacy Act, 18 U.S.C.
2510-2521. This email may be confidential and may be legally privileged. If you are not the intended recipient, you
are hereby notified that any retention, dissemination, distribution, or copying of this communication is strictly
prohibited. Please reply back to the sender that you have received this message in error, then delete it. Thank you

(See attached file: Hoot Lake Solar Comment Letter.pdf)
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m MINNESOTA POLLUTION
CONTROL AGENCY

520 Lafayette Road Morth | 5t. Paul, Minnesota 55155-4194 | 651-296-6300

BOO-657-3864 | Use your preferred relay service | infopca@statemn.us | Equal Opportunity Employer

December 30, 2020

Brian Yavarow, P.E., City Engineer
City of Fergus Falls

112 W. Washington Avenue

P.O. Box 868

Fergus Falls, MN 56537

Re: Hoot Lake Solar Project Environmental Assessment Worksheet
Dear Brian Yavarow:

Thank you for the opportunity to review and comment on the Environmental Assessment Worksheet
(EAW) for the Hoot Lake Solar project (Project) in the city of Fergus Falls, Otter Tail County, Minnesota.
The Project consists of development of a solar photovoltaic project. Regarding matters for which the
Minnesota Pollution Control Agency (MPCA) has regulatory responsibility or other interests, the MPCA
staff has the following comments for your consideration.

Water Resources (Item 11)
Please note that the major watershed is the Otter Tail River Watershed (HUC8 #09020103), not the
Red River of the North Basin.
The EAW states two waterbodies in the southeast portion of the Project area are public water
basins. Only one, Unnamed Lake (56-0815-00) appears to be mapped as a public water basin on the
public waters inventory map and the submitted wetlands delineation report. The waterbody to the
north of Unnamed Lake does not appear to be mapped as a public water basin.
The EAW states “There are no Clean Water Act Section 303(d) Impaired Waters within the Project
area and no impaired waters within 1 mile of the Project. The nearest impaired waterway is a
section of Otter Tail River...” Please note that Pebble Lake (56-0829-00), is located approximately 1
mile south of Minnesota Highway 210, and is impaired for mercury in fish tissue. MPCA staff expects
no impacts from this Project to the mercury impairment.

Stormwater
The EAW discusses the plan to utilize basins for stormwater treatment, but there is no mention of
utilizing a volume reduction method. The Project will be required to utilize infiltration at the site to
manage the stormwater volume unless prohibited for one of the reasons in the National Pollutant
Discharge Elimination System/State Disposal System (NPDES/SDS) General Construction Stormwater
permit. If infiltration is prohibited, the Project proposer could also consider collection and reuse to
manage stormwater, such as for irrigation during dry periods. The planned use of native vegetation
will aid infiltration of stormwater on the site.
There are numerous waterbodies within or adjacent to the site boundaries. The Project proposer
will be required to maintain 50 foot buffers to all surface waters (including wetlands that are not
Department of Natural Resources public waters). If the 50 foot buffer must be encroached,
redundant (double) downgradient sediment controls will be required during construction to protect
the surface water. The Project proposer will need to ensure temporarily or permanently unworked
soils on any portion of the site are stabilized within 14 days even if work will resume in the area.
Please direct questions regarding Construction Stormwater Permit requirements to Roberta Getman
at 507-206-2629 or Roberta.Getman@state.mn.us.
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Brian Yavarow, P.E.
Page 2
December 30, 2020

We appreciate the opportunity to review this Project. Please provide your specific responses to our
comments and notice of decision on the need for an Environmental Impact Statement. Please be aware
that this letter does not constitute approval by the MPCA of any or all elements of the Project for the
purpose of pending or future permit action(s) by the MPCA. Ultimately, it is the responsibility of the
Project proposer to secure any required permits and to comply with any requisite permit conditions. If
you have any questions concerning our review of this EAW, please contact me by email at
Karen.kromar@state.mn.us or by telephone at 651-757-2508.

Sincerely,
Karen Kromar

Karen Kromar

Project Manager

Environmental Review Unit

Resource Management and Assistance Division

KK:bt

cc: Dan Card, MPCA, St. Paul
Roberta Getman, MPCA, Rochester
Scott T. Schroeder, MPCA, Detroit Lakes
Jim Ziegler, MPCA, Detroit Lakes
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m MINNESOTA POLLUTION
CONTROL AGENCY

520 Lafayette Road Morth | 5t. Paul, Minnesota 55155-4194 | 651-296-6300

BOO-657-3864 | Use your preferred relay service | infopca@statemn.us | Equal Opportunity Employer

December 30, 2020

Brian Yavarow, P.E., City Engineer
City of Fergus Falls

112 W. Washington Avenue

P.O. Box 868

Fergus Falls, MN 56537

Re: Hoot Lake Solar Project Environmental Assessment Worksheet
Dear Brian Yavarow:

Thank you for the opportunity to review and comment on the Environmental Assessment Worksheet
(EAW) for the Hoot Lake Solar project (Project) in the city of Fergus Falls, Otter Tail County, Minnesota.
The Project consists of development of a solar photovoltaic project. Regarding matters for which the
Minnesota Pollution Control Agency (MPCA) has regulatory responsibility or other interests, the MPCA
staff has the following comments for your consideration.

Water Resources (Item 11)
Please note that the major watershed is the Otter Tail River Watershed (HUC8 #09020103), not the
Red River of the North Basin.
The EAW states two waterbodies in the southeast portion of the Project area are public water
basins. Only one, Unnamed Lake (56-0815-00) appears to be mapped as a public water basin on the
public waters inventory map and the submitted wetlands delineation report. The waterbody to the
north of Unnamed Lake does not appear to be mapped as a public water basin.
The EAW states “There are no Clean Water Act Section 303(d) Impaired Waters within the Project
area and no impaired waters within 1 mile of the Project. The nearest impaired waterway is a
section of Otter Tail River...” Please note that Pebble Lake (56-0829-00), is located approximately 1
mile south of Minnesota Highway 210, and is impaired for mercury in fish tissue. MPCA staff expects
no impacts from this Project to the mercury impairment.

Stormwater
The EAW discusses the plan to utilize basins for stormwater treatment, but there is no mention of
utilizing a volume reduction method. The Project will be required to utilize infiltration at the site to
manage the stormwater volume unless prohibited for one of the reasons in the National Pollutant
Discharge Elimination System/State Disposal System (NPDES/SDS) General Construction Stormwater
permit. If infiltration is prohibited, the Project proposer could also consider collection and reuse to
manage stormwater, such as for irrigation during dry periods. The planned use of native vegetation
will aid infiltration of stormwater on the site.
There are numerous waterbodies within or adjacent to the site boundaries. The Project proposer
will be required to maintain 50 foot buffers to all surface waters (including wetlands that are not
Department of Natural Resources public waters). If the 50 foot buffer must be encroached,
redundant (double) downgradient sediment controls will be required during construction to protect
the surface water. The Project proposer will need to ensure temporarily or permanently unworked
soils on any portion of the site are stabilized within 14 days even if work will resume in the area.
Please direct questions regarding Construction Stormwater Permit requirements to Roberta Getman
at 507-206-2629 or Roberta.Getman@state.mn.us.
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Brian Yavarow, P.E.
Page 2
December 30, 2020

We appreciate the opportunity to review this Project. Please provide your specific responses to our
comments and notice of decision on the need for an Environmental Impact Statement. Please be aware
that this letter does not constitute approval by the MPCA of any or all elements of the Project for the
purpose of pending or future permit action(s) by the MPCA. Ultimately, it is the responsibility of the
Project proposer to secure any required permits and to comply with any requisite permit conditions. If
you have any questions concerning our review of this EAW, please contact me by email at
Karen.kromar@state.mn.us or by telephone at 651-757-2508.

Sincerely,
Karen Kromar

Karen Kromar

Project Manager

Environmental Review Unit

Resource Management and Assistance Division

KK:bt

cc: Dan Card, MPCA, St. Paul
Roberta Getman, MPCA, Rochester
Scott T. Schroeder, MPCA, Detroit Lakes
Jim Ziegler, MPCA, Detroit Lakes
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COMMENT LETTER 17

From: "Kitty Lahti" <katharinelahti@charter.net>

To: <hootlakesolar@ci.fergus-falls.mn.us>

Date: 12/29/2020 07:28 PM

Subject: Adjacent landowner concerns about solar project

City of Fergus Falls:

As adjacent landowners of over 22 years whose home will be affected by the solar
project, we hope that the city makes the effort to update and modernize its current
solar ordinance to accommodate the large scale of this solar farm. This project
seems quite rushed, with no firm decisions made or communicated yet regarding
type of fencing, setbacks, and other environmental issues directly affecting the
adjacent landowners. Most of these decisions also seem to be left entirely to the
discretion of Otter Tail Power Company, because the current solar ordinance
apparently does not provide guidelines. We both teach environmental science and
are supportive of solar energy, but this lack of regulation makes us nervous.

We have one specific concern about the bald eagle nest within the project area (on
the “Buchholtz” land) that is described on page 23 of the EAW form as “a new
documented bald eagle nest in the northeast section of project area.” We don’t
know exactly what is meant by “new,” but the nest has been in that same location
for at least 6 years. We have watched that bald eagle pair as they sat in the nearby
dead trees on the “Lahti land” for a long time and would hate to see them
disturbed.

Richard and Katharine Lahti
620 Broken Down Dam Road



COMMENT LETTER 18

m DEPARTMENT OF
ADMINISTRATION
STATE HISTORIC PRESERVATION OFFICE

December 30, 2020

Brian Yavarow, City Engineer
City of Fergus Falls

PO Box 868

Fergus Falls, MN 56537

RE: EAW- Hoot Lake Solar Project
T132 R43 S1; T133 R42 S31; T133 R43 S36
Fergus Falls, Otter Tail County
SHPO Number: 2021-0456

Dear Mr. Yavarow:

Thank you for providing this office with a copy of the Environmental Assessment Worksheet (EAW) for the
above-referenced project.

Due to the nature and location of the proposed project, we recommend that a Phase | archaeological survey be
completed. The survey must meet the requirements of the Secretary of the Interior's Standards for Identification
and Evaluation and should include an evaluation of National Register eligibility for any sites that are identified.
For a list of consultants who have expressed an interest in undertaking such surveys, please visit the website
preservationdirectory.mnhs.org, and select “Archaeologists” in the “Search by Specialties” box.

We will reconsider the need for survey if the project area can be documented as previously surveyed or
disturbed. Any previous survey work must meet contemporary standards. Note: plowed areas and right-of-way
are not automatically considered disturbed. Archaeological sites can remain intact beneath the plow zone and in
undisturbed portions of the right-of-way.

Please note that this comment letter does not address the requirements of Section 106 of the National Historic
Preservation Act of 1966 and 36 CFR § 800. If this project is considered for federal financial assistance, or
requires a federal permit or license, then review and consultation with our office will need to be initiated by the
lead federal agency. Be advised that comments and recommendations provided by our office for this state-level
review may differ from findings and determinations made by the federal agency as part of review and
consultation under Section 106.

If you have any questions regarding our review of this project, please contact Kelly Gragg-Johnson in our
Environmental Review Program at kelly.graggjohnson@state.mn.us.

Sincerely,

Sarah J. Beimers
Environmental Review Program Manager

MINNESOTA STATE HISTORIC PRESERVATION OFFICE
50 Sherburne Avenue m Administration Building 203 m Saint Paul, Minnesota 55155 m 651-201-3287 mn.gov/admin/shpo
mnshpo@state.mn.us
AN EQUAL OPPORTUNITY AND SERVICE PROVIDER
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COMMENT LETTER 19

From: "Tami Revering" <tamirev93@gmail.com>
To: HootLakeSolar@ci.fergus-falls.mn.us

Date: 12/31/2020 11:40 AM

Subject: Hoot Lake Public Comments

| am aware | am aday late but | figured | would share anyway ..

| am 100% on board with a solar farm for Fergus. However, if the residents around the area
lose value to their home, | would hope there would be afair financial compensation (by the
Federal Relation Act or property depreciation as determined by an expert appraiser) to be a
part of the city's permitting process.

| al'so don't think it would be a bad ideato get a second option for location. AsaGIS
technician & geographer | aware of the spatial requirements for a solar farm. And though this
is definitely the cheapest location for OTP, | feel other locations can be looked at. | am not
sureif it istoo late to change the location, so if not, | would definitely hope trees, bushes, etc
be planted to shield homes and 1-miletrail be protected from view.

Thank you
Tami

Tami Revering
GIS Technician

FBS - Creators of Flexmls



COMMENT LETTER 20

2020-12-30
To City of Fergus Falls- EAW Comments for the Hoot Lake Solar Project

From Teresa (Tere) Mann, 1319 N Park St, Fergus Falls MN 218-205-4931 teremann@gmail.com

| have many thoughts on this project but want to say that | am a proponent of alternative energy
production, along with encouraging conservation and looking at the full value stream of a project. We
need to be responsible stewards of the earth, which sustains all life.

| believe this project needs a lot more planning and review. | believe a EIS is in order.

When asked at the Aurdal Township presentation of this project on Dec 17, OTP employees responded
to a number of concerns about grading, and impact that OTP was not far enough along in the design of
the project to know how much grading would have to be done. This, in my view contradicts the EAW
which states that there will be little or no impact after construction of the wetlands and erosion. Yet if
they have not gotten far enough along in the project to know how much grading (moving earth) they will
need how can they make those statements?

| believe an EIS in warranted in that an EIS would help develop the project in more detail and is a means
to address many underlying issues.

Wildlife—The area of this project is between and through areas where wildlife is known to move and
use to get from the river and the area by the river, including Broken Down Dam Park and the Wetland
Management Area to the south of 210- directly across the road from the project. Can corridors be
provided for this movement?

How will the native vegetation be cared for and maintained? Herbicides? Grazing? Again what is the
long term plans?

How does this plan effect the trails and commons areas of Fergus Falls? le One Mile Prairie, Central
Lakes Trail, Broken Down Dam Park, North Country Trail, etc.

What about the visual coming into Fergus Fall from the east on State Hwy 2107?

What about the neighbors to the project? The set backs? The islands of township residents in the midst
of being surrounded by City of Fergus Falls? The property value of those homeowners?

The Plan to use 229" Ave for construction access to the project verses Main Street and access through
the city. It was brought up at both the Dec 8 Mtg at City Hall and the Dec 17*" online meeting with
Aurdal Township that 229" Ave is not adequate for this access and that Dane Prairie Township is
responsible for the maintenance of this road. If 229" Ave is not available for the construction traffic, it
would directly impact those on Mt Faith, Main Street and Springen/Concord or other residential
neighborhoods to move construction materials to the project area. There may need to be roadways
built within the project area to provide access. Again what is the environmental impact of those other
options.


mailto:teremann@gmail.com

My biggest concern is the decommissioning of the solar farm. What happens when the solar panels
have outlived their usefulness. At the Dec 17 Mtg with Audal Township OTP stated that after 35 years
(the expected life of the panels) there would be the technology to deal with this. | suggest that there is
a decommissioning plan which includes a fund set up by OTP to cover the cost of disposal, recycling, of
the materials for this project and land reclamation of the area used. This is becoming part of best
practices for these sorts of project. This fund would be reviewed every 3-5 years to be sure the
necessary funding is maintained to deal with the project. Here is a link for how some are looking at this
decommissioning of solar farms. https://www.solunesco.com/2018/09/10/decommissioning-of-
solar-sites-a-key-consideration-of-the-project/

How does dealing with the reclamation of 355 acres with 150,000 solar panels compare to reclaiming
the RTC campus?

| would hate to see the future residents of Fergus Falls and Otter Tail County have to bear the cost of
the decommissioning when the profits have been made by OTP and that funding is no longer available. |
just have to think about the RTC and the empty buildings in the area to see what a difference it would
have been to think about what happens at the end of a project’s life cycle. What is the cost of
demolition, disposal, reuse etc. When we start to look at every project through the “Cradle to Cradle”
lens, we will have a better place for ourselves and for our children, grandchildren and the earth in
general. (See William McDonough & Michael Braungart’s book Cradle to Cradle for more info, or google

the concept.).

In looking at the full value stream we would also be looking at where the components are coming from
and what sort of impact their manufacturing has on the environment and the workers of these 150,000
solar panels.

| think that OTP’s closing down the Hoot Lake Plant, the decommissioning of the dams on the river, the
RTC, and other things around the areas are great examples of not looking at the long term effects of
projects and what happens when they are left for the community to deal with. Who bears the cost after
the profits have been taken away from the community? Who has to pay for long term maintenance and
clean up? (The sewer line going over the river by Union is another example of potential cost to the city
with the Hoot Lake Plant closing.)

| have also looked through some of the statutes on solar energy on the State of MN website.
www.revisor.mn.gov | see where says that a utility needs to file regularly (not specified time frame) a
“renewable energy plan” Statute 216B.2422 RESOURCE PLANNING; RENEWABLE ENERGY. | think

it would be prudent for the city to ask to see the past plan for renewable energy.

This project as proposed with the EAW is not be well thought out for a number of reasons. |
think an EIS is in order. | would like us to see how long this project has been planned for and to
demand that more thorough planning be done for everyone’s benefit. Including the economic
cost benefit to OTP. | think economic In looking at the property involved in this project and
which we understand OTP will request be annexed into the city, OTP has purchase most of it in
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the last year. Some within the last 6 months. For a multi-million dollar project one would hope
there was more planning involved. OTP has known that Hoot Lake was being closed for years.

Here is a link from a report of the MN Auditor’s office for reference in comparing a EAW and
EIS: https://www.auditor.leg.state.mn.us/ped/pedrep/envir.pdf Here is one comparision
which | think is relevant:

Table 1.1: Statutory Definitions of Environmental Assessment Worksheet and Environmental
Impact Statement

Environmental Assessment Worksheet

e A brief document
e Sets out the basic facts necessary to determine whether an environmental impact
statement is required for a proposed action

Environmental Impact Statement

e An analytical rather than encyclopedic document

e Describes the proposed action in detail

e Analyzes significant environmental impacts

e Discusses appropriate alternatives to the proposed action

e Explores methods to mitigate adverse environmental impacts of the action

e Analyzes economic, employment, and sociological effects that cannot be avoided if the
action is implemented
SOURCE: Minnesota Statutes 2010, 116D.04, subd. 1(c) and subd. 2a.

What is the economic impact of this project? An EIS would begin to answer that question. The economic
impact to more than just the property taxes to be recouped by this project compared to the Hoot Lake
Coal Plant. What about the profits for OTP? They are a large corporation which looks to making returns
for its shareholders. They are not responsible to use this project to reduce rates of their consumers.
Look at their Annual Report and their Proxy Reports to see where their money has gone. They have
requested rate increases in the midst of the Co-vid crisis. They used the term “Energy Adjustment Rider
Rates” in their communications with consumers to hide the rate increase (try searching for that on their
website)

| have been a regular attendee at Otter Tail County Board of Commissioner’s meetings for the
last 7+ years and | have seen them go through couple of the EAW/EIS processes. In their Sept
22 meeting where they agreed that the City of Fergus Falls should be the RGU for this project,
there was discussion and concern voiced that the City of Fergus Falls hire a consultant to help
with this process. In a conversation with one of the commissioners he said that OTP would
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have to pay for the consultant. Having an independent consultant review the project and
concerns would be in the best interest of the city.

Please seriously consider hiring a consultant to protect the resources of the city and make sure
you have done right by not only the existing residents but also future residents of Fergus Falls.
You have the knowledge which was not available in the past to make good decisions.

Please ask for an EIS. It will give everyone a more detailed look at the project including the
economic, social and environmental impact. We need to think more completely about the
process and you have responsibilities to the future.

When we have addressed these concerns and those of others, | will be here to help promote
such a project. You as leaders of Fergus Falls have the opportunities to be leaders of the future
here.

Thank you for all your work for the citizens of Fergus Falls! | know it is often a thankless job.

When a living system is pushed outside its normal range of operation, there is conflict and
chaos. Out of the conflict and chaos, with creativity, a new way of operating can be found.
Creativity is the resilience of a system. If a system does not change its old ways of doing things,
it is a runaway system which goes beyond its means to survive. The system loses its connection
to the whole and dies.

Thank you for the opportunity to respond to this project
Sincerely,

Teresa (Tere) Mann



COMMENT LETTER 21

My name is Thane Schmidt. | am a resident of Aurdal Township but also own property in the city of
Fergus Falls. The following are my comments regarding the EAW and proposed solar farm east of Fergus
Falls.

First, | would like to include a letter a sent to the Fergus Falls Planning Commission and to each member
of the Fergus Falls City Council on 10/14/20 and 11/9/20 respectively.

Dear member,

| am sending this email as you are a member of Fergus Falls planning commission. If this
email would be more appropriate sent to others, please let me know. My name is Thane
Schmidt, | live east of Fergus Falls in the Birchwood Estates neighborhood but also own
property in the city of Fergus Falls.

This email is regarding the proposed solar farm east of Fergus Falls, south of the Ottertail
river and north of 210. | would first like to state, | am a proponent of solar energy and was
quite excited to hear the news of Ottertail Power using existing land and infrastructure to
develop a solar farm, however over the past few days some concerns have arisen. These
concerns are multi factorial and will be discussion for both city and township. | am writing
from a few standpoints- one being an Aurdal township resident that is concerned regarding
how this will affect us as residents just east of Fergus Falls and the other being a property
owner within the city of Fergus Falls and how this can and will affect Fergus Falls
development.

| have recently learned Ottertail Power has already and is in the process of expanding their
footprint from 125 acres to approximately 600 acres. Although the sale may have not been
finalized yet, | presume they are purchasing land south of east main which currently is
listed as owned by Mark Sand and Gravel and are in the process of purchasing other land as
well. This land extends south and meets highway 210. If this land is included in the solar
farm it would mean everyone entering Fergus falls from highway 210 would be driving by
nearly 500 acres of solar farm. This would also mean Ottertail power would own land north
and south of east main street and anyone entering Fergus Falls from east main would be
driving by hundreds of acres of solar panels to north and south of them--- Not aesthetically
appeasing for anyone driving into Fergus Falls. Also of concern is probable decrease land
value of any home or property near this solar farm.

Part of my reasoning to email you is my interest in the master plan of Fergus Falls and
where the committee envisions Fergus falls growing. | am interested and active in the real
estate market of Fergus Falls and have followed the housing concern that Ottertail county
and Fergus Falls faces. | also am aware of the tax incentives for development of new
housing. From a land development standpoint this project would basically cut off any
development of Fergus Falls to the east. Ottertail Power already has an extensive footprint
to East and Northeast of Fergus fall using valuable land around the river, Hoot Lake and



Wright lake. What does the planning commission see for the future growth of Fergus falls
and how would this solar farm impact this planning?

The purposed size of this solar plant is 49.5 megawatts. This is .5 megawatts short of
Ottertail Power needing Public Utility Commission oversight. | am concerned as there are
no current ordinance’s on township basis or county basis and that Ottertail Power will use
pressure and or predatory tactics to implement their will over property owners. | have
already been in contact with property owners who have felt strain attempting to work with
or gain information from Ottertail Power. The city of Fergus Falls does currently have an
ordinance but does not come close to resembling current Minnesota best practices for
solar farms. | encourage you to review the city ordinance and Minnesota best practices and
compare.

We should not be distracted by the shiny object. All projects come with challenges. This
project is no different. | would like to say again | am a proponent of solar energy. | feel
there needs to be transparency by anyone with knowledge of the project. As of now | feel
most residents are in the dark about a massive project that will have impact on Fergus Falls
and surrounding area.

This communication may be premature. My hopes are to gain some insight and to start a
dialogue regarding the proposed solar farm and future development of Fergus Falls. The
details | mentioned may not be exact; but how is any one to know the specifics due to there
being very minimal information for the public. How will this impact Fergus Falls? What are
the potentials benefits/pros? And what are the potential risks/cons?

Again, this was sent a few months ago prior to many of the details and the EAW being released, but
most of this is accurate.

| would first like to express concerns which are not discussed in the EAW but are very common
sentiments among concerned residents. There appears to be lack of transparency coming from Ottertail
Power (OTP) and from the City of Fergus Falls. | was disappointed not to get a response from the Fergus
Falls Planning Commission. Even more concerning was the lack of knowledge city council members had.
How can a project of this magnitude be put into motion without the planning commission or city
council? When asked, | was told this property is outside city limits so the townships would need to be
contacted. | am aware the City is the RGU, however the townships were not notified regarding any of
this from either OTP or the city; this again goes back to transparency.

Also of concern is the annexation process of agricultural ground from township to city. This provides no
benefit to the city other than tax revenue. | have reviewed annexation rules from the State of
Minnesota. Although there is nothing written regarding annexation of ag lands, | do feel it is improper.
Annexation of lands should be done to expand the city’s attributes not tax revenue. Annexation should
occur to include current homesteads, future homesteads, development property and commercial
property not a solar farm which will hinder future growth of the city.



My primary concern is how this solar farm will hinder the growth of Fergus Falls to the east, which
specifically contradicts the Northeast River Reach which is discussed in the EAW. Also of concern is the
aesthetics. Some of this will be discussed in conjunction with the EAW; but ultimately Ottertail Power
(OTP) wants to maximize land use which includes grading and 10 acres of tree removal. This in
conjunction with the “security fence” is not a super inviting sight for people entering Fergus Falls on
highway 210 or on east main street.

OTP previously put on some QAs zoom meetings. They acknowledge this site was picked due to its
proximity to the hoot lake plant. This allows OTP cheaper access to hoot lake plant. By their own
admission, this project is roughly 50% the cost of other projects of similar size. When asked about other
locations they stated it would cost approximately 1 million dollars per mile to transfer solar power to
hoot lake plant. So of course, the closer to Hoot Lake Plant the better for OTP.

What is good for OTP is not necessarily good for the City of Fergus Falls, the townships, or for Ottertail
County. This is not the highest and best use of this property. This solar farm should be further into rural
county land.

OTP is a for profit utility company who paid out millions to share holds and currently asking public utility
commission for a rate increase

The following are comments and concerns regarding EAW.

Concern1

Pg. 3: “The entire project site would be surrounded by a security fence. If chain link, woven wire, or
deer fencing is used, the fencing will be approximately 8 feet tall with access limited through security
gates.”

-This “security fence” is aesthetically unpleasing—its ugly. No one wants to look at this. This fence
would be visible from highway 210 and from east main street. How many people travel these roads per
day? Is that what we want people to think of when they drive into Fergus Falls?

- This allows no animal passage for large game. Large game travelling south or north would need to
travel to the east or west in order to do so. This barrier to normal travel has a host of effects including
eating, sleeping habits, and possible reproduction. This would also force an influx of animals into
crossing area which | would assume would impact vehicle travel and possibly lead to increased accidents
and mortality. The possible increase in motor vehicle accidents was not addressed in the EAW.

-This “security fence” in conjunction with the whole project is bound to decrease property values of
neighboring homes and developments. The EAW did not address this.



Concern 2

Pg. 3: “Site development would include tree and stump removal (10 acres), clearing and grading of
land,”

-Tree removal would increase vision of solar panels and security fence; see concern 1.

-Tree removal in conjunction with grading would disturb natural geography and increase erosion, see
concern 7.

Concern 3

Pg. 3: To the extent practicable, grasses would be planted and established for all disturbed areas using
a native seed mix under Department of Natural Resources “Prairie Establishment & Maintenance
Technical Guidance for Solar Projects”

-This is too vague. The planting of native grasses should be mandatory.

Concern4

Pg. 7-8: “The Otter Tail County Long-Range Strategic Plan (2019)” states and objective to “Promote
housing developments that are accessible to community resources, such as jobs, retail districts, and
transportation options, such as walking, biking and transit networks”

-As stated in my initial letter; part of the reason for reaching out was to assess how the city or whom
ever could answer me felt regarding this solar farm being built on the east side of Fergus Falls. This
would effectively cut off all development east of the city. It has been noted by both the City of Fergus
Falls and by Ottertail County; housing needs is of the utmost importance.

- Again, this solar farm would prevent any growth of Fergus Falls to the east. This solar farm is in
complete competition with the Northeast River Reach. “The City of Fergus Falls’ (City’s) Northeast River
Reach Small Area Plan, finalized in 2018, provides guidance for long-term public and private investment
in the Northeast River Reach area of the city in terms of economic sustainability while maintaining and
enhancing its natural resources (City of Fergus Falls 2018)”

As stated in the Northeast River Reach
Project Goals:
The following goal for this area were identified during the planning process:

¢ Provide land uses that support, but do not compete with downtown e Extend recreational
trails that connect with regional trails and the downtown

¢ Provide additional river access for recreation



* Create a development vision that is viable and strengthens the area’s tax base ¢ Preserve
natural areas as open space and parkland

¢ Create additional housing opportunities for area residents
¢ Create additional employment opportunities through existing or new businesses
¢ Maintain space for public and institutional uses that are important to the city and region

This project would take of valuable land which could be used in correlation with the Northeast River
Reach development plan. This project provides zero full time jobs. This is not the highest and best use
of this land

The EAW does not accurately reflect how the solar farm with hinder the development of Fergus Falls

Concern5

Pg. 8: “The City’s Code of Ordinances, Section 154.138, Solar Farms; Allowable Zoning Districts and
Design Standards, recognizes solar farms as a permitted use in residential-agricultural (R-A) zoning
areas. The ordinance also contains requirements to construct solar farms within city limits, such as
requiring a building permit from the City. The proposed Project would be located in an area that is
zoned R-A, allowing for solar farm use. OTP has been coordinating with the City and is designing the
solar facility to comply with construction elements outlined in the ordinance. All City-required
property setbacks would be followed (i.e., 30 feet for front yards, 10 feet for side yards). In addition, a
40 foot setback is currently designed for parcels outside of current city limits.”

-The proposed solar farm may be annexed by the city of Fergus Falls. If this occurs, OTP will need to
follow city ordinances or lack of regarding setbacks and screening. The EAW setbacks are not adequate
to minimize impact to adjacent properties and roadways. Setbacks from roadways are not addressed in
the EAW and this project will border a significant stretch of HWY 210 and Main St.

-City’s current ordinance does not discuss screening which was discussed here in concern 1. Nor does it
discuss fencing. The city should update their solar ordinance to require the 8.61 miles of fencing to be
wildlife friendly fencing in all areas possible to minimize impact, or this is completely left up to the
developer to decide after the EAW is approved.

Concern 6

Pg. 9: “The Minnesota Statute, Section 103F.48 requires a permanent 50 foot wide vegetated buffer
on agricultural land in shoreland areas adjacent to public waters. Otter Tail County has an initiative to
assist landowners in creating this buffer. The current designed setback in this area is 50 feet”

-l feel it is inappropriate for a company such as OTP to ask for assistance to pay for buffer strips.



Concern?7

Pg. 11: “Only four of the soil types were rated as severe, but they account for approximately 59.6
percent of the project area”

-Much of this land has severe erosion rating. This combined with geographical changes, tree removal
and no enforcement over screening and or native grass planting would worsen the erosion risk.

Concern 8

Pg. 23: Bald eagle nest removal

In discussions Ottertail Power has expressed a yearning to be good neighbors and stewards of the land.
| think the EAW attempts to share that sentiment. But the truth is we can use past experiences to guide
us. Ottertail power for years has used the Ottertail river, a public water way, for their enrichment. The
DNR has made recommendations regarding the 5 dams in and near Fergus Falls. These
recommendations have been ignored. So, we cannot just leave things vague, in hopes that OTP will
make the right decisions or that the just actions are taken. This is for profit company that makes
decisions based on what is best for Ottertail Power.

| am against this project in the proposed location. It is being built at its current location because it is
cheap for OTP to do so. If this proposed solar farm does move forward, | would sincerely hope the
concerns brought forward are heeded.

Thank you, Thane Schmidt

12/29/20



COMMENT LETTER 22

From: "Valerie Thompson" <v_hytte@yahoo.com>
To: hootlakesolar@ci.fergus-falls.mn.us

Date: 12/30/2020 10:47 PM

Subject: Moratorium on Hoot Lake Solar Project.

Dear Sirs

My name is Valerie Thompson and | live on Guttenberg Heights and my property borders the
Hoot Lake Solar Project. | have become aware that Otter Tail Power is hoping to build a
massive solar project. | would like to convey my strong concerns about this project. | will
develop below some of my most immediate issues around this project. How it will affect
property values for me and others as well as diminishing an ecological and recreational bounty
for Fergus Falls. Let me be clear on the issue that | am an advocate of alternative energy and
have invested in it myself. Through my experience, first hand and educational research, | am
aware of many of the pros & cons of this type of energy. So, let me continue.

This area that OTC is planning to develop into a solar project has a very unique and precious
topography. The geological contour of the area is unique and very special for this part of the
county. It has a canyon and glacial bluffs. If you have ever walked around this area you would
remark at how diverse and beautiful it is.

The rolling aspect of this area is not the most suitable for a solar field. Much of it is hilly with
deep valleys and unusual rock and ground formations. How do they plan on grading and
restructuring this land area? Will it affect water drainage or Wildlife inhabitants?

My frequent observation of this land is that it is the winter home for much wildlife. Many deer



shelter in this area for the winter. They often come here during the hunting season and often
stay till spring. | see the evidence where many deer have slept in protection of the weather.
There is evidence of the young buck starting to think about mating. And in spring all the young
babies find their first legs in the protection of the forests in this area. There are not many
hazards for young deer families in that area. Except for a few coyotes and my solar array.

| have a small solar array. It is fenced and protected. Yet, | do notice that the deer try to get
inside my fencing. They want the food and weeds that they find underneath the solar grid. |
am used to a little damage that may happen. Yet | wonder how many deer will find their way
over the fence of the proposed project and how many will get caught and injured.

| also have concerns that the OTC project is between Broken-Down Dam state park and 1-mile
prairie (monarch way station and remnant prairie designations). It will also be a monolith to
the North country trail system, state bike trail, and within view of Prairie wetlands. These
areas are steadily growing in popularity and use. | can attest to the regular usage of Broken-
down dam, 1-mile prairie & North Country trail. These areas are such a wonderful attraction
to Fergus Falls and lots of visitors from out of state. | meet many people on these trails that
are from all over the state and country. | think it would be such a detriment to this area to
diminish its natural beauty with a massive solar field.

| also am quite concerned with the upkeep of this solar project. Solar panels have a limited
lifespan. Are they contractually committing to the upkeep and maintenance of this project?
Are they planning to repair the damage if they no longer find it profitable?

| hope the city council completes a full EIS study before giving consent to this project.

| also would strongly encourage this council to consider that there are other more appropriate
areas to develop this project.

It would be so disappointing and unfortunate for us, to have people wonder at our short
sightedness when they visit some of our most important natural parks and recreational areas.

Thank you so much for your time,

Vaerie



COMMENT LETTER 23

From: "Wayne Macheledt" <wmacheledt@gmail.com>

To: "hootlakesolar@ci.fergus-falls.mn.us" <hootlakesolar@ci.fergus-falls.mn.us>
Date: 12/08/2020 09:08 AM

Subject: Re: Solar project comments/questions

On Tue, Dec 8, 2020 at 9:01 AM Wayne Machel edt <wmachel edt@gmail.com> wrote:

1) At 49.9 megawatts how can the perception be anything other than sketchy that OTPis.1
below requiring Federal oversight? Wouldn't it be wise for the city to request such oversight
even if not required?

2) With average solar panel life expectancy of 25 years and improved methods to
manufacture creating basically no means or reason to recycle components, which landfill
will these 150,000 panels begin to fill at that time?

3) The current gravel road from Hwy 210 is poorly maintained and less than an easy drive
after any precipitation now, how will residents use it when an estimated 150 semi trucks
daily are hauling supplies during construction?

4) Looking at the project map, why wouldn’t the most NW section be moved to the center
north open area by the ash site? Thiswould create a beneficia buffer for all Gutenberg
property owners and possibly reduce or eliminate the enormous property value declines for
these residents.

5) How can the city of Fergus Falls act as the RGU without established ordinances to protect
their residents or experience for such alarge scale project?

I look forward to factual answersto my questions,
Wayne Machel edt

1931 Main St

Fergus Falls


mailto:wmacheledt@gmail.com

COMMENT LETTER 24

From: Kevin Brennan <kbrennan@prtel.com>

Date: January 7, 2021 at 2:20:30 PM CST

To: Rick West <rwest@co.ottertail.mn.us>

Subject: Re: Otter Tail County Public Committee Meeting - OTP Solar Project

Rick - Question

Since the county has no land use zoning requirements for solar farms/this project, but that the
two townships do - why were the townships left out of the determination/negotiations of who
would be the RGU? Especially in light of the fact that one County Comissioner was referring
individuals with permit questions to the townships and the fact that Buse Township has the
largest acreage impact?

This seems contrary to EQB guidelines/directon on determining the RGU.

Kevin Brennan

Sent from my Samsung Galaxy smartphone.

———————— Original message --------

From: Rick West <rwest@co.ottertail.mn.us>

Date: 1/7/21 10:23 AM (GMT-06:00)

To: Kevin Brennan <kbrennan@prtel.com>, Doug Green <degree@prtel.com>
Subject: Otter Tail County Public Committee Meeting - OTP Solar Project

Kevin and Doug: | thought | had Greg's cell number however | found that | do not. Can one
of you contact him reference the meeting this afternoon. Thanks.

Richard (Rick) West, P. E.
Public Works Director

Otter Tail County Public Works Division
505 South Court Street, Suite 1

Fergus Falls, MN 56537

Direct 218-998-8473 | Office 218-998-8470
Mobile 218-205-6963

rwest@-co.ottertail.mn.us

Please consider the environment before printing this email.

The information contained in this transmission may contain privileged and confidential information. It is
intended only for the use of the person named above. If you are not the intended recipient, you are hereby
notified that any review, dissemination, distribution or duplication of this communication is strictly
prohibited. If you are not the intended recipient, please contact the sender by reply email and destroy all
copies of the original message.
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COMMENT LETTER 25

From: "BRET BORTH" <BBorth@msn.com>

To: "HootLakeSolar@ci.fergus-falls.mn.us" <HootLakeSolar@ci.fergus-falls.mn.us>
Date: 12/10/2020 08:32 AM

Subject: Message for Mr. Brian Yavarow

Brian-Good morning. | just thought to reach out in regards to the planned solar project there
in FF. Curious what role the city will play here in this development compared to OTP. Braun
Intertec would like to be in position to assist on the front end of this project given our
experience in working on solar farms. Our core deliverables are geotechnical engineering,
foundation materials testing/inspections, and environmental permitting. With offices in both
St. Cloud and Fargo we can get to the FF area easily. Reply when you have a minute....thank
you!

Bret Borth

Braun Intertec

www.braunintertec.com

612 360 0753(See attached file: Renewable Energy Solar_Erik.pdf)


https://nam12.safelinks.protection.outlook.com/?url=http%3A%2F%2Fwww.braunintertec.com%2F&data=04%7C01%7CMichael.Mayer%40hdrinc.com%7C93499d9b429443b53a5c08d8b0ee8f50%7C3667e201cbdc48b39b425d2d3f16e2a9%7C0%7C0%7C637453886310617157%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=%2BoieLVa8stoYKRxo8WkIPNoqWXkgQ20%2BpR7%2BusiL%2FkI%3D&reserved=0

B RA“ N SOLAR ENERGY
I NTE RTE C CONSULTING SERVICES

The Science You Build On.

OUR SCIENCE. YOUR SOLUTIONS.

At Braun Intertec our science happens because of our people. We’'re collaborators with the passion to build innovations
that solve your problems. With customization as our standard and safety as our priority, Braun Intertec provides quality
solutions and recommendations to your engineering, environmental, design and testing challenges. For nearly 60
years, we’ve built a trusted reputation by delivering innovative thinking on scope, on schedule, and on budget.

UNDERSTANDING YOUR CHALLENGES

No matter the type or scale of your project, we understand the challenging
demands you face in siting, designing, permitting and constructing solar
energy projects. You can count on us to help you navigate these challenges
and be a partner in identifying and resolving potential issues quickly. Braun
Intertec works with you to offer solutions, not just identify problems. Your
need for consistent, reliable and timely project support is a model we
understand and follow every day.

UNDERSTANDING YOUR PROJECT

Delivering added value to each of your projects is a top priority for Braun Intertec. The power of teamwork is a concept
we embrace. From project initiation to project completion, you can count on us to anticipate issues, partner with you
to find solutions, and meet your critical path deadlines. We really are better together.

When you partner with Braun Intertec, you benefit from our:

= Integrated team of experienced professionals — specialists in the fields of geotechnical,
environmental and materials consulting on your team working together toward the same goals

= Long-standing and growing network of office locations, allowing quick responses to your needs

= Locally-based field resources and subject matter experts

= Understanding of local regulatory requirements

= High quality, professional service and attention

= Abundant resources to meet your project demands and aggressive schedules, including a large
fleet of drill rigs mobilizing from multiple locations





OUR SERVICES
We provide a broad range of environmental, engineering, and construction support solutions to help keep your
project on track during all phases of your project. Our comprehensive scope of service offerings include:

Braun Intertec Office Locations Site Acquisition , ,
= Phase | and Il environmental site assessments

= Site constraints/critical issues analyses
= Biological surveys
S “;” 2 ey = Cultural and historical resource surveys and tribal
o, L. e consultations
o P ] = Wetland determinations and delineations
enkere LacCrosse ) = Desktop geological and geotechnical reviews and

Rochester.
*& preliminary geotechnical investigations

IA Cedar
Rapids

[Williston
Minot l
Dickinson ND  West Hibbing

Pre-Construction
= National Environmental Policy Act (NEPA) Permitting

- e = State energy agency permitting support
= Local permitting (conditional use permit, interim use
~ permit, ordinance amendment) support

W oK u =  Wetland permitting and mitigation

e Fals : \ = Preparation of construction contingency plans/soil
el . : ‘ management plans
LR o | ‘ = Hazardous materials abatement/site remediation

P LA = Geotechnical and environmental drilling

N Lake _FL . . . .
AR ouston  {Charkes b= = Structural analysis prior to solar panel installation

San

TN = Geotechnical analyses and engineering
= Foundation design and in-situ proof testing

Topeka 2l§ansas

0 90 180

_—_ ™ < Construction

= Environmental monitoring and compliance inspections
= Design of pile load testing programs

= Stormwater pollution prevention plans - design and

. Braun Intertec Offices . GME Fonsultlng Services Inc.
Asubsidiary of Braun Intertec

inspections

= Construction materials testing
OUR MISSION = Geotechnical construction observation and materials
To build mutually beneficial, trust-based relationships testing
by delivering highly valued engineering, consulting, » Snow loads/wind sheer
testing and design solutions.

Operation
Braun Intertec is committed to being your full- = Drone surveys for aerial thermal imaging and blade
service provider. From site screening and permitting inspections

to design and construction, you can count on us to
be your trusted advisor.

CONTACT US

Erik Johnson
ejohnson@braunintertec.com
612.916.5210






COMMENT LETTER 26

From: "John Dinsmore" <dinsmore@prtel.com>

To: "Brian Yavarow" <brian.yavarow@ci.fergus-falls.mn.us>, <communications@otpco.com>, <HootLakeSolar@ci.fergus-falls.mn.us>
Cc: "Ben Schierer" <ben.schierer@ci.fergus-falls.mn.us>, <andrew.bremseth@ci.fergus-falls.mn.>, "Lynne Olson"
<lynne.olson@(ci.fergus-falls.mn.us>, "Tara Bakken" <tbakken@co.ottertail.mn.us>, "'Nicole Hansen™ <NHansen@co.ottertail.mn.us>,
"Rick West" <rwest@co.ottertail.mn.us>, "Nick Leonard" <nleonard@co.ottertail.mn.us>, "Amy Baldwin" <abaldwin@co.ottertail. mn.us>,
"Brian Draxten" <bdraxten@ottertail.com>, "Beth Monke" <dmonke@prtel.com>

Date: 12/29/2020 01:05 PM

Subject: Letter of Support for OTPC's Hoot Lake Solar Project

Brian and OTPC Communications,

Per the instructions provided by the Otter Tail Power Company’s Hoot Lake Solar webpage, | am submitting the
attached letter of support. | am also “cc’ing” this correspondence to other interested parties as well.

| would appreciate it if you would include this letter of support as part of the City of Fergus Fall’s OTPC’s Hoot
Lake Solar Project file.

Thank you for your time and consideration.
John

John W. Dinsmore

541 West Maple Avenue
Fergus Falls, Minnesota 56537
218-205-5476 (mobile)
dinsmore@prtel.com

(See attached file: 12-29-2020 Letter of Support for Hoot Lake Solar Project - John W.
Dinsmore.pdf)
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John W. Dinsmore
541 West Maple Avenue
Fergus Falls, Minnesota 56537
dinsmore@prtel.com
218-205-5476 (cell)

Tuesday, December 29, 2020

Brian Yavarow, City Engineer
City of Fergus Falls

112 West Washington Avenue
PO Box 868

Fergus Falls, MN 56537

Dear Brian:

Please accept this letter of support on behalf of Otter Tail Power Company’s (OTPC) Hoot Lake
Solar Project (identified by the MN Public Utilities Commission as Docket Number Eo17/M-20-
844). Their plan to develop a 49-megawatt solar project, whose 150,000 solar panels will generate
energy to power approximately 10,000 homes, is to be commended. In the context of their 2017-
2031 Resource Plan, this effort is future-oriented and utilizes a climate friendly “next generation”
natural resource to address the energy needs of their customers.

My support for Otter Tail Power Company’s Hoot Lake Solar Project is three-fold:

o Long Range Strategic Planning: Although presently retired, I previously served as the County of
Otter Tail’s County Administrator. Consequently, I am aware of the County Board of
Commissioners’ recent approval of a 20-year Long Range Strategic Plan that cites goals and
objectives to support “conserving energy and using renewable energy” and promotes “sustainable
infrastructure practices that support resiliency and adaptability to climate events.” OTPC’s Hoot
Lake Solar Project is consistent with this public planning endeavor.

e  OTPC Stockholder: My father, now deceased, was one of many WWII veterans employed by OTPC
when the Hoot Lake plant went “online” in 1959. In 61 years, the company has evolved from
exclusively generating coal-powered energy to one that will soon be 45% reliant on coal powered
electricity. As a stockholder, I am confident that as wind, solar and other “clean” energy technology
sources of energy are developed, OTPC’s strategic planning will adopt additional energy creation
solutions that are climate friendly, economically feasible and sustainable.

e Grandparent of Grandchildren — and Beyond: Although political leaders continue to debate and
disagree, our scientific research community unanimously agrees that worldwide CO. and
greenhouse gas emissions must be reversed. Bold investments like OTPC’s Hoot Lake Solar Project
is what is needed to ensure a healthy future for our children, grandchildren and beyond.

Thank you for this opportunity to voice my support for Otter Tail Power Company’s Hoot Lake
Solar Project.

Sincerely,
j W‘*—-

John W. Dinsmore

cc: Mayor Ben Schierer, City of Fergus Falls Otter Tail Power Company
Andrew Bremseth, City of Fergus Falls MN Public Utilities Commission
Otter Tail County Commissioners Citizens’ Climate Caucus — Fergus

Falls Chapter
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http://www.otpsustainability.com/energy-technology/energy-generation/

http://www.otpsustainability.com/energy-technology/energy-generation/

https://ottertailcountymn.us/wp-content/uploads/2020/11/OTCo_LRSP_Document_201030.pdf




John W. Dinsmore
541 West Maple Avenue
Fergus Falls, Minnesota 56537
dinsmore@prtel.com
218-205-5476 (cell)

Tuesday, December 29, 2020

Brian Yavarow, City Engineer
City of Fergus Falls

112 West Washington Avenue
PO Box 868

Fergus Falls, MN 56537

Dear Brian:

Please accept this letter of support on behalf of Otter Tail Power Company’s (OTPC) Hoot Lake
Solar Project (identified by the MN Public Utilities Commission as Docket Number Eo17/M-20-
844). Their plan to develop a 49-megawatt solar project, whose 150,000 solar panels will generate
energy to power approximately 10,000 homes, is to be commended. In the context of their 2017-
2031 Resource Plan, this effort is future-oriented and utilizes a climate friendly “next generation”
natural resource to address the energy needs of their customers.

My support for Otter Tail Power Company’s Hoot Lake Solar Project is three-fold:

o Long Range Strategic Planning: Although presently retired, I previously served as the County of
Otter Tail’s County Administrator. Consequently, I am aware of the County Board of
Commissioners’ recent approval of a 20-year Long Range Strategic Plan that cites goals and
objectives to support “conserving energy and using renewable energy” and promotes “sustainable
infrastructure practices that support resiliency and adaptability to climate events.” OTPC’s Hoot
Lake Solar Project is consistent with this public planning endeavor.

e  OTPC Stockholder: My father, now deceased, was one of many WWII veterans employed by OTPC
when the Hoot Lake plant went “online” in 1959. In 61 years, the company has evolved from
exclusively generating coal-powered energy to one that will soon be 45% reliant on coal powered
electricity. As a stockholder, I am confident that as wind, solar and other “clean” energy technology
sources of energy are developed, OTPC’s strategic planning will adopt additional energy creation
solutions that are climate friendly, economically feasible and sustainable.

e Grandparent of Grandchildren — and Beyond: Although political leaders continue to debate and
disagree, our scientific research community unanimously agrees that worldwide CO. and
greenhouse gas emissions must be reversed. Bold investments like OTPC’s Hoot Lake Solar Project
is what is needed to ensure a healthy future for our children, grandchildren and beyond.

Thank you for this opportunity to voice my support for Otter Tail Power Company’s Hoot Lake
Solar Project.

Sincerely,
j W‘*—-

John W. Dinsmore

cc: Mayor Ben Schierer, City of Fergus Falls Otter Tail Power Company
Andrew Bremseth, City of Fergus Falls MN Public Utilities Commission
Otter Tail County Commissioners Citizens’ Climate Caucus — Fergus

Falls Chapter
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COMMENT LETTER 27

From: "Beth Monke" <dmonke@prtel.com>
To: HootLakeSolar@ci.fergus-falls.mn.us
Date: 12/30/2020 04:16 PM

Subject: Support for Hoot Lake Solar Project

To Whom It May Concern:

| am alicensed psychologist with Lakeland Mental Health Center in Fergus Falls. | am an avid
proponent of moving away from fossil fuel usage in order to decrease our carbon footprint
within the next decade in order to avoid certain tipping points that would make it impossible to
avoid catastrophic impacts from climate change. These catastrophic impacts, if we proceed on
abusiness as usual course, would continue to increase flooding, drought, devastating storms,
and impacts to the survival of many species of animals and plants, aswell as humans. Asland
along the coasts and in the deserts become less hospitable, we will see agradual migration to
states like Minnesota, also impacting our water and land resources.

It isfor these reasons that | am grateful to OTPCO for moving forward on their plan to
decrease coal usage and increase their reliance on wind and solar. | am happy to encourage
Fergus Fallsto host alarge solar operation in Fergus Falls. The price that we will pay if we
continue to pollute with carbon will far outweigh any environmental impact from a solar
project. | have heard that some are worried about noise. | have afriend who has her own solar
panels and creates 60% of her own electricity on her property and she tells me that there is
virtually no noise from solar panels. Although the panels reportedly need replacing every 25-
35 years, again, the environmental impact appears to be minimal compared to operations such
as tar sands/fracking, mountain top removal, and oil spills/leakage.

Unfortunately, we are dependent on electricity and there is no form of electricity that istotally
without environmental impact. Any energy project will be in someone’ s backyard, and often,
because people with power in communities are not willing to make necessary sacrifices, these
energy projects are moved to land adjacent to marginalized communities. | certainly would not
want to see this happen. | understand the concerns of some who are projected to be envel oped
by this project and I hope that OTPCO will continue to work with them to address their
concerns, but I see this as an opportunity for our community to take leadership on this issue in
a very critical way. We are fortunate to have a power company that is looking to the future and
planning not only for their own future but the future of our community and our grandchildren.
Utilizing the Hoot Lake facility is the most practical use of an existing structure that will allow
for lower costs to consumers.

I 'am in favor of allowing OTPCO to move forward on this project. This project, in
combination with other renewable energy projects, will allow OTPCO to produce 35% of their
electricity through renewable energy alternatives. I would appreciate all the support that the
city, county and state can give to this important project.

Beth Monke, MS, LP
1000 E. Mt. Faith Ave.
Fergus Falls, MN 56537



From: "Beth Monke" <dmonke@prtel.com>

To: HootLakeSolar@ci.fergus-falls.mn.us

Cc: "Brian Yavarow" <brian.yavarow@ci.fergus-falls.mn.us>, "Benjamin Schierer" <benjaminschierer@yahoo.com>
Date: 12/30/2020 10:45 PM

Subject: Public Comment on Hoot Lake Solar

Hello- | had initially submitted aletter on the OTPCO website, but got an email return from
Lynne Olson stating that she was out of the office, so | just wanted to make sure my letter got
where it needed to go, because | think the deadline istomorrow! So | will add it below. Let me
know if | need to submit somewhere else. Thank you! Beth Monke

To Whom It May Concern:

| am alicensed psychologist with Lakeland Mental Health Center in Fergus Falls. | am an avid
proponent of moving away from fossil fuel usage in order to decrease our carbon footprint
within the next decade in order to avoid certain tipping points that would make it impossible to
avoid catastrophic impacts from climate change. These catastrophic impacts, if we proceed on
abusiness as usual course, would continue to increase flooding, drought, devastating storms,
and impacts to the survival of many species of animals and plants, as well as humans. Asland
along the coasts and in the deserts become less hospitable, we will see a gradual migration to
states like Minnesota, aso impacting our water and land resources.

It isfor these reasonsthat | am grateful to OTPCO for moving forward on their plan to
decrease coa usage and increase their reliance on wind and solar. | am happy to encourage
Fergus Fallsto host alarge solar operation in Fergus Falls. The price that we will pay if we
continue to pollute with carbon will far outweigh any environmental impact from a solar
project. | have heard that some are worried about noise. | have afriend who has her own solar
panels and creates 60% of her own electricity on her property and she tells me that there is
virtually no noise from solar panels. Although the panels reportedly need replacing every 25-
35 years, again, the environmental impact appears to be minimal compared to operations such
as tar sands/fracking, mountain top removal, and oil spills/leakage.

Unfortunately, we are dependent on electricity and there is no form of electricity that is totally
without environmental impact. Any energy project will be in someone’s backyard, and often,
because people with power in communities are not willing to make necessary sacrifices, these
energy projects are moved to land adjacent to marginalized communities. | certainly would not
want to see this happen. I understand the concerns of some who are projected to be enveloped
by this project and I hope that OTPCO will continue to work with them to address their
concerns, but I see this as an opportunity for our community to take leadership on this issue in
a very critical way. We are fortunate to have a power company that is looking to the future and
planning not only for their own future but the future of our community and our grandchildren.
Utilizing the Hoot Lake facility is the most practical use of an existing structure that will allow
for lower costs to consumers.

I 'am in favor of allowing OTPCO to move forward on this project. This project, in
combination with other renewable energy projects, will allow OTPCO to produce 35% of their
electricity through renewable energy alternatives. I would appreciate all the support that the
city, county and state can give to this important project.

Beth Monke, MS, LP
1000 E. Mt. Faith Ave.
Fergus Falls, MN 56537



COMMENT LETTER 28

From: "Shaw, Dan B (BWSR)" <dan.shaw@state.mn.us>
Date: December 29, 2020 at 7:34:35 PM CST

To: andrew.bremseth@ci.fergus-falls.mn.us

Cc: "Erdmann, Paul (BWSR)" <paul .erdmann@state.mn.us>
Subject: Hoot Lake Solar Project

Andrew,

I’'m writing in reference to the Hoot Lake Solar Project that is planned for Fergus Falls. | coordinate the
Habitat Friendly Solar Program for the Minnesota Board of Water and Soil Resource. This program was
developed to comply with Minnesota legislation stating that an owner of a solar site may claim habitat
benefits for a project if it meets BWSR’s Habitat Friendly Solar standard. The program involves many
stakeholders including agencies, non-profit organizations, local governments and solar developers working

to incorporate multiple benefits as part of solar projects including native vegetation establishment that
improves the cooling of solar panels, soil health, carbon sequestration and water management. We
encourage the project partners for the Hoot Lake site to work toward meeting the BWSR Habitat Friendly
Solar Standard. Please let us know if we can provide guidance or technical assistance to help accomplish
multiple benefits for the project and protect adjacent natural resources.

Thanks, Dan

Dan Shaw

Senior Ecologist/Vegetation Specialist
Minnesota Board of Water and Soil Resources
612-236-6291


https://nam12.safelinks.protection.outlook.com/?url=https%3A%2F%2Fbwsr.state.mn.us%2Fminnesota-habitat-friendly-solar-program&data=04%7C01%7CMichael.Mayer%40hdrinc.com%7C65c0ae5949a94c02a12108d8b0ef0daf%7C3667e201cbdc48b39b425d2d3f16e2a9%7C0%7C0%7C637453888069159270%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=SdSByVHBg%2FIRLSBpUbiT3gUTk4T4y85ZrhreMur8Pfc%3D&reserved=0

COMMENT LETTER 29

From: "Clarence Johnson" <cjohnson1251@gmail.com>
To: hootlakesolar@ci.fergus-falls.mn.us

Date: 12/11/2020 11:09 AM

Subject: Comments - Hoot Lake Solar Project

Mr. Yavarow,

My wifeand | live at 534 Guttenberg Heights on property that isimmediately adjacent to Otter
Tail Power (OTP or company) property that is intended to hold solar panels. Over the past
month or so, we have had several conversations and emails with representatives and
management of OTP concerning the placement of fencing and solar panelsin relation to
neighboring property lines. While we understand the final plans for placement of fences and
panels are not yet completed, OTP managers assure us the company intends to be mindful of
the concerns of their neighbors. With thisin mind we completely support this project.

We know the final plans for the project will not be completed before December 31st, whichis
the end of the public comment period, so we do not know with certainty where the fence or
solar panels will be placed relative to our property line. We are submitting this comment now
based on the public comment deadline, but reserve the right to comment further after seeing
the completed plan.

Assuming OTP remains the good neighbor it has proven to be in the past and follows through
with assurances to work with neighboring property owners to mitigate concerns, we believe
this project is clearly in the best interest of OTP, its rate payers, and the city. In addition to the
supply of clean and inexpensive power, we assume the solar project will go some way to
replacing taxes lost as a result of the plant decommissioning.

Thank you,

Clarence Johnson

534 Guttenberg Heights
218.998.2595 (home)
763.350.5468 (mobile)



COMMENT LETTER 30

From: "dslindig" <dslindig@gmail.com>
To: hootlakesolar@ci.fergus-falls.mn.us
Date: 12/14/2020 07:49 AM

Subject: Fwd: Proposed OTP solar park

---------- Forwarded message ---------

From: ddlindig <dslindig@gmail.com>
Date: Mon, Dec 14, 2020 at 7:11 PM
Subject: Proposed OTP solar park

To: <hootlakessolar@ci.fergus-falls.mn.us>

| favor the proposal. Several reasons. One is the current shutdown of Google happening as |
send this message. The word CENTRALIZED should be of extreme concern to everyone.
Centralized, electricity, transportation, food, medical facilities, plus others should concern us
all.

Bigger may be more cost efficient, but the danger of a shutdown may be catatrostific. The
trend isfor everything to be bigger and in most cases more distant. So if there is a problem, it
will affect many. This trend should concern us all.

At the past meeting of OTP on the attempt of closing hydro damsis past | hope. Wish they
would do a hydro project at Orwell Dam. The proposed Hoot Lake Solar Park, along with the
current Hydro dams brings some decentralization to the system.

| even opposed the closing of the Hoot Lake Coal fired plant, even though | oppose coal in
general. And of course my reason is decentralization.

A bit of History: I built my first mini solar panel in the 70's. Purchased a mini wind turbine,
and own a solar panel at the solar Park at Lake Region Power headquarters in Pelican Rapids.
I offered to place the Wind Turbine and solar project also for Lake Region (Now referred to at
the Erhard Substation) on my farm. And would welcome a Solar installation on my property.

Would favor the OTP Solar Park. Assume that using the current Transmission stream from the
Hoot Lake Plant makes sense. And would hope for more in other locations in the future.

David Lindig
Fergus Falls, Mn


mailto:dslindig@gmail.com
mailto:hootlakessolar@ci.fergus-falls.mn.us

COMMENT LETTER 31

From: "Ellen Anderson" <ellenhome1982@gmail.com>
To: HootLakeSolar@ci.fergus-falls.mn.us

Date: 12/21/2020 06:41 PM

Subject: Hoot Lake Solar Field....

| am excited about this renewal energy coming to Fergus Falls! Thanks for your effortsin
making this happen. Y ou have my Support.

Ellen Anderson
218-205-9052



COMMENT LETTER 32

From: "Jake Krohn" <jakekrohn@gmail.com>
To: HootLakeSolar@ci.fergus-falls.mn.us
Date: 12/21/2020 12:00 PM

Subject: Hoot Lake solar comment

Hello -

| would like to voice ny support for the Hoot Lake Sol ar project. W face incredible challenges in
dealing with climactic changes in the future, and | see this project as one small step towards
dealing with those challenges in a responsible nanner. Gven the infrastructure already in BI ace from
the existing power plant and the need to replace lost property tax revenue for the city, | believe
that this is an opportunity that should not be |ﬂnored: | trust that OTP and the various governnental
agencies involved will work together to ensure that this project is done in a conscientious nmanner
that is respectful to the land, aninals, and nei ghbors invol ved.

Thank you,

Jake Krohn

815 S. Cascade Street



COMMENT LETTER 33

From: "Laurie Mullen" <lauriemullenmn@gmail.com>
To: HootLakeSolar@ci.fergus-falls.mn.us

Date: 12/30/2020 08:24 PM

Subject:

| don't think it istheright location. It will landlock us.



COMMENT LETTER 34

From: "Michael J Van Valkenburg" <mvanv53@yahoo.com>
To: HootLakeSolar@ci.fergus-falls.mn.us

Date: 12/23/2020 02:06 PM

Subject: Hoot Lake Solar

December 23, 2020
To whom it concerns:

I have lived just north of Fergus Falls for about 20 years and currently am the Medical Director for
Ringdahl Ambulance services in Fergus Falls and Pelican Rapids. Prior to my retirement as an
Emergency Physician, | worked at the Lake Region Hospital Emergency Department for 16 years.

| fully support the Ottertail Power Solar project for the following reasons.

1. It's the right thing to do. Our world needs to rapidly switch from carbon fuels to sustainable
energy sources in order to prevent catastrophic climate change. I'm very pleased that our local
power company is moving in that direction.

2. This is an economically smart plan for two reasons.

a. Building the solar project near the retiring coal plant will help replace some of the lost tax
revenue for the city of Fergus Falls.

b. Building this project close to existing infrastructure, substations etc. will reduce the cost
and therefore help keep future utility rates lower for all Ottertail Power customers.

This project is really exciting. It's both an economic and environmental positive for area residents. Please
move to approve the project without delay.

Sincerely,

Michael Van Valkenburg M.D.
24605 E Rivers Bend Road
Fergus Falls, Mn 56537
mvanv53@yahoo.com




COMMENT LETTER 35

From: "Patrica Kingston" <pkingston@prtel.com>
To: HootLakeSolar@ci.fergus-falls.mn.us

Date: 12/30/2020 04:20 PM

Subject: Hoot Lake Solar Project

Decenber 30, 2020

Dear Brian Yavarow and the Fergus Falls Gty Council,

My background: | ama retired periodontist, and | worked as an independent contractor at 5 different
dental offices in Fergus Falls over the sean of twenty years. My husband Tomand | now |live on Wight
Lake. | amin the AAUW volunteer at the YMCA and ameasing into retirenent.

| con‘EI etely supgor_t the Otter Tail Power Conpany’'s plan for the construction and operation of the
Hoot Lake Sol ar Project, and ) )

| look forward to the day that all fossil fuel energy production has converted to renewabl e energy.
Wth any luck, that day will arrive sooner than pl anned.

| reviewed the information fromthe OIP virtual open house on December 2, 2020 and the City of Fergus
Falls public hearing on Decenber 8, 2020. | agree with the plans.

Cimate change is real and a threat to us, our children and the planet. There are solutions that can
provi de good jobs to society in addition to decreasing pollution.

W have visited our former exchange student in Denmark and our Swedish friends many tinmes. These
countries have enbraced renewabl e energy; they sell their excess renewabl e energy and actually profit
fromtheir investnment in these new technol ogies.

The U.S. and Fergus Falls can also profit and we should lead in the societal changes that are coning.
Sincerely yours,

Patricia Kingston, DDS, M



COMMENT LETTER 36

From: "Patricia Lindholm" <pjlindholm@gmail.com>
To: HootLakeSolar@ci.fergus-falls.mn.us

Date: 12/19/2020 07:29 AM

Subject: In support

| write in strong support of the Hoot Lake Solar project. | live on Wright Lake and will be
happy to see the south side of the lake preserved for wild life and native vegetation. | am very
concerned about climate change and we have no time to waste in repairing or mitigating the
damage we have already seen to our planet.

Good for you, Otter Tail Power!

Dr. Patty Lindholm



COMMENT LETTER 37

From: "Roy Anderson" <randerson9331963@gmail.com>
To: HootLakeSolar@ci.fergus-falls.mn.us

Date: 12/21/2020 07:46 AM

Subject: Solar Project in Fergus Falls

To: Otter Tail Power:
| am writing to voice my support for the solar project in Fergus Falls.

| seethisasastep forward in meeting our energy needs as well as being good stewards of our
lands.

| urge a careful process to ensure concerns are listened to, but trust the benefits of a cleaner
energy source will outweigh those concerns.

Roy Anderson
Fergus Falls
218.205.8061



COMMENT LETTER 38

From: "Rud" <rud@prtel.com>

To: <HootLakeSolar@ci.fergus-falls.mn.us>

Cc: "Beth Monke" <dmonke@prtel.com>, <consumer.puc@state.mn.us>
Date: 12/27/2020 09:45 PM

Subject: Citizen Comments on Hoot Lake Solar Project

To Whom It May Concern December 27, 2020

| am a thirty-seven-year resident of Otter Tail County and a physician who retired in 2000. |
continue to be active in Fergus Falls activities and want to see our city continue to grow
and thrive.

Because of that | am very much in support of Otter Tail Power Company’s Hoot Lake Solar
Project.

With the closure of Hoot Lake (coal) Power Plant, there will be a significant loss of revenue
to the city unless It can be replaced by something else.

Replacing the present plant with the Hoot Lake Solar Project will provide jobs, revenue,
and hopefully assure that OTPC will continue to be a strong presence in Fergus Falls.

This company has a long history of being an excellent influence on our city. They have been
a great resource to so many activities and businesses here. Their employees are
contributing in so many ways to our schools, hospital, city government and other
businesses, that go beyond their OTPC jobs.

Because OTPC will be able to utilize property that they already own, and can connect with
existing infrastructure at the Hoot Lake Plant, it seems not only economical but very
efficient to proceed as they have planned.

| feel Otter Tail Power Company has always been a good steward of their land and our
community. | can’t believe that this development would not take into careful consideration
the esthetic impact on the city or their neighbors.

| strongly encourage you to approve the development of the Hoot Lake Solar Project.
Thanks for allowing me to comment.

Rud C. Wasson, M.D.
26284 190th St.

Fergus Falls, MN 56537
(218) 826-7376

rud@prtel.com



COMMENT LETTER 39

From: "Scott Wagnild" <swagnild@gmail.com>
To: HootLakeSolar@ci.fergus-falls.mn.us
Date: 12/18/2020 09:59 PM

Subject:

Thisisagreat step forward for Otter Tail Power. Asamember of the Fergus Falls community,
it makes me very proud to know that our local power company isinvesting in energy sources
that both produce the energy we need, while also making a strong commitment to protecting
our environment. Thank you Otter Tail Power!



COMMENT LETTER 40

From: <kingston@prtel.com>

To: <HootLakeSolar@ci.fergus-falls.mn.us>
Date: 12/30/2020 03:30 PM

Subject: Hoot Lake Solar Project

December 30, 2020

Dear Brian Yavarow and the Fergus Falls City Council,

As a brief statement of my background, | offer the following. Starting in 1984, | was a business owner in Fergus Falls.
My partner, Pat Hanley, and | built a wholesale distribution business that operated a series of warehouses, all
located within Fergus Falls. We built these warehouses with Fergus Falls contractors and employed up to 30 Fergus
Falls residents. Subsequently, | was the Finance Director at the former Fergus Falls Medical Group. Since 1990, |
have resided in Fergus Falls, and owned several homes. We currently own and reside at 2614 Lakeview Drive, on
Wright Lake one mile from the Hoot Lake Coal Power Plant. My intention is to show that we have invested in Fergus
Falls and continue to make Fergus Falls our home.

| wholeheartedly support Otter Tail Power Company’s plans for the construction and operation of the Hoot Lake
Solar Project.

It is the responsibility of the folks who are here now to behave with stewardship for the future generations. One
way to do this is through renewable energy. The Hoot Lake Solar Project will utilize existing infrastructure and keep
power generation here in Fergus Falls long after the coal plant is retired. We have survived with polluting coal
powered electric generation, but we will thrive with renewable solar powered electric generation. | have reviewed
and fully support the information contained in Otter Tail Power’s virtual open house presentation dated December
2, 2020, as well as the City of Fergus Falls public hearing dated December8, 2020.

Thank you for your consideration.

Regards,
Tom Kingston



ATTACHMENT B: SUBSTANTIVE COMMENT RESPONSES



Hoot Lake Solar EAW Comment Response Table Draft 02/12/2021

The following table provides responses to all substantive comments identified during the public
comment period for the Hoot Lake Solar Project Environmental Assessment Worksheet (EAW). Each
comment letter received and included in Attachment A was assigned a number. Comment letters were
then analyzed, and substantive comments were identified and coded. The following table is organized
by EAW item number, EAW topic, comment subtopic, substantive comment as submitted, comment
letter ID, and response. The comment letter ID ‘s first number is the assigned comment letter and the
second number is the substantive comment identified.



Hoot Lake Solar EAW Comment Response Table

Draft 02/12/2021

EAW
Item | EAW Subject Comme'nt Substantive Comments Comment Response
Subtopic Letter ID
No.
Having an independent consultant review the project and
concerns would be in the best interest of the city.
3 RGU 3rd Party Please seriously consider hiring a consultant to protect the 90-15 The City has secured additional 3rd party consultant review of the EAW, comments and
resources of the city and make sure you have done right by responses, and ultimate recommendation to further support City staff.
not only the existing residents but also future residents of
Fergus Falls.
Minnesota Administrative Rules (Minnesota Rules) 4410.0500 identifies the process for
RGU selection. It states that for mandatory categories (listed in part 4410.4300 or
4410.400), the governmental unit specified in those rules is the RGU unless the project
will be carried out by a state agency, in which case that state agency is the RGU. Part
4410.4300 identifies the RGU for mandatory EAW categories. Specifically, Subpart 3 for
electric generating facilities states, “[flor construction of an electric power generating
plant and associated facilities designed for and capable of operating at a capacity of 25
o | SHowcan oy Frus il st it
3 RGU Determination established ordinances to protect their residents or 23-5 !
experience for such a large-scale project? Fergus Falls was identified as the RGU because the City will have the most local oversight
of the project through the issuance of permits. OTP intends to petition the City to annex
the private property parcels they have acquired for the project. If the annexation is
approved, the City would have jurisdiction over the project area.
Fergus Falls and Otter Tail County staff discussed RGU status. The two jurisdictions
determined that the City would have the greatest responsibility for approving the project.
The County passed a resolution on September 22, 2020, in support of the City being the
RGU.
Since the county has no land use zoning requirements for
solar farms/this project, but that the two townships do - The intent of the EAW is to provide sufficient information on the potential for a project to
RGU why were the townships left out of the result in significant environmental impacts and to inform future permitting decisions. The
3 RGU 24-1 EAW process is not an approval for the project, but rather a thoughtful approach to

Determination

determination/negotiations of who would be the RGU?
Especially in light of the fact that one County Comissioner
was referring individuals with permit questions to the
townships and the fact that Buse Township has the largest

gathering necessary information for future decision-making related to the issuance of
permits or other authorizations.




Hoot Lake Solar EAW Comment Response Table

Draft 02/12/2021

EAW
Item
No.

EAW Subject

Comment
Subtopic

Substantive Comments

Comment
Letter ID

Response

acreage impact? This seems contrary to EQB
guidelines/directon on determining the RGU.

OTP intends to petition the City to annex the private property parcels they have acquired
for the project. If the annexation is approved, the City would have jurisdiction over the
entire project area. Therefore, Fergus Falls was identified as the RGU because the City
would have the most local oversight of the project through the issuance of permits. Based
on Minnesota Rules, Fergus Falls is unable to make decisions related to the annexation
process until the Minnesota Environmental Policy Act process is complete.

RGU

RGU Role

Curious what role the city will play here in this
development compared to OTP

25-1

The City’s role in the development of the Hoot Lake Solar Project is in developing and
issuing permits for the project’s construction and operation pursuant to City ordinances
and zoning requirements. The City also has the ability to inspect the project to ensure
compliance with permit conditions and the stormwater management permit.

Reason for
EAW

EIS

What are the criteria for deeming an EIS might be needed
vs. just "rubber stamping" this EAW that OTP has provided
so far, along with OTP's fairly aggressive timeline?

2-14

The criteria for determining when an EIS is warranted or required are listed in Minnesota
Rules 4410.1700 Subp. 7.

Criteria.

In deciding whether a project has the potential for significant environmental effects, the
following factors shall be considered:

A. type, extent, and reversibility of environmental effects;

B. cumulative potential effects. The RGU shall consider the following factors: whether the
cumulative potential effect is significant; whether the contribution from the project is
significant when viewed in connection with other contributions to the cumulative
potential effect; the degree to which the project complies with approved mitigation
measures specifically designed to address the cumulative potential effect; and the efforts
of the proposer to minimize the contributions from the project;

C. the extent to which the environmental effects are subject to mitigation by ongoing
public regulatory authority. The RGU may rely only on mitigation measures that are
specific and that can be reasonably expected to effectively mitigate the identified
environmental impacts of the project; and

D. the extent to which environmental effects can be anticipated and controlled as a result
of other available environmental studies undertaken by public agencies or the project
proposer, including other EISs.




Hoot Lake Solar EAW Comment Response Table

Draft 02/12/2021

EAW
Item | EAW Subject Comme'nt Substantive Comments Comment Response
Subtopic Letter ID
No.
| believe an EIS in warranted in that an EIS would help . . . o .
4 Reason for Els develop the project in more detail and is a means to 202 The City will use the analysis in the EAW and apply the criteria for determining when an
EAW . EIS is warranted or required as listed in Minnesota Rules 4410.1700 Subp. 7.
address many underlying issues.
Through project design and description, and the analysis provided in the EAW, measures
to protect the environment or reduce impacts on it are included. For example, setbacks
The EAW is mandatory under MN Rules 4410.4300 Subp. 3 established around all wetlands reduced the potential impacts on wetlands to 0.06 acre.
Minnesota for electric-generating facilities. The Otter Tail Power EAW Other example measures include wildlife-friendly fencing, anti-reflective coatings on
4 Reason for Environmental provided required information to the public about the 10-1 panels, coordination with the US Fish and Wildlife Service (USFWS) on eagle nest removal,
EAW Policy Act project. However, | believe it is not clear how the project and timing of tree removal to protect threatened and endangered species and migratory
(MEPA) will protect the environment as set forth in Minnesota birds. The EAW also provides a list of the necessary permits, such as a stormwater
Rules 4410. construction permit, shoreland conditional use permit, and building permit, that may be
used to identify additional protective/mitigative measures to be included in those project
permits.
Potential Environmental Impacts Not Identified:
Socio Economic Impact
Possible Mitigation:
An EIS should be conducted to study the socio economic The City will use the analysis in the EAW and will apply the criteria for determining when
impact to homes surrounded by, and adjacent to, the solar an EIS is warranted or required as listed in Minnesota Rules 4410.1700 Subp. 7. The EAW
farm. A financial compensation plan should be required by analysis considers only environmental impacts. If through the EAW process, the RGU
the RGU for impacted homeowners and that plan should determines that an EIS is warranted because the impacts on the environment would be
4 Reason for MEPA not be contingent on OTP getting a solar easement in 13-5 significant, then an EIS would be prepared that also evaluates the economic,
EAW

return. A forensic appraiser and local realtor stated
depreciation will be significant. OTP has also
acknowledged depreciation, but repeatedly asserted that
they are under no legal obligation to compensate
homeowners for depreciation and that financial
compensation will be provided strictly out of their desire
to be “good neighbors.” We have sought legal consultation
on this issue, and all voices have disagreed with OTP’s
assessment. However, they have unanimously concurred

employment, and sociological impacts.

OTP continues to discuss property valuation concerns with neighbors related to the
proposed project and is striving to have arrangements/agreements in place with all
directly neighboring homeowners.




Hoot Lake Solar EAW Comment Response Table

Draft 02/12/2021

EAW
Item
No.

EAW Subject

Comment
Subtopic

Substantive Comments

Comment
Letter ID

Response

that a homeowner does not have the financial means to
bring justice to a large corporation such as OTP, as their
lawyers will bury homeowners in paperwork and run them
out of money. They said the best option is for the RGU to
require adequate financial compensation to adjacent
homeowners prior to the solar farm being constructed.

(Note: OTP has stated they intend to work with
homeowners on an individual bases. In a public meeting,
on Dec. 2, 2020, OTP stated that other projects this size
would cost 120 million to build. The Hoot Lake Solar
project is going to cost them $60 million. In that context,
they said this location is saving them approximately $10
million. In a verbal offer presented to us on Dec. 22, 2020,
OTP offered us only 27% of what a professional forensic
appraiser calculated our anticipated depreciation to be,
and there are strings attached. In return, OTP wants a
solar easement across our property which would prevent
homeowners from having trees, or constructing new
buildings, that would cast shade on the solar panels. If OTP
compensated us for the full amount of our calculated
depreciation, it would only be 1.8% of the 10 million they
are saving by building in this location. OTP told us there
are eight homes they consider to be financially damaged
by the solar farm. If that is true, then fully compensating
all homeowners for depreciation is insignificant compared
to what they are saving. Yet, OTP’s desire to subsidize this
project on the backs of adjacent homeowners, and further
benefit their position with solar easements, makes it a
necessity that the RGU has this project thoroughly studied
through an EIS and develops a financial compensation




Hoot Lake Solar EAW Comment Response Table

Draft 02/12/2021

ordinances to protect neighboring residents. Please don't
take chances on our health and please don't make
decisions that affect our property values.

EAW
. Comment . Comment
Item | EAW Subject , Substantive Comments Response
Subtopic Letter ID
No.
plans for impacted properties based on professional
appraisals and professional devaluations performed by
What is the economic impact of this project? An EIS would
begin to answer that question. The economic impact to The City will use the analysis in the EAW and will apply the criteria for determining when
more than just the property taxes to be recouped by this an EIS is warranted or required as listed in Minnesota Rules 4410.1700 Subp. 7. The EAW
4 Reason for MEPA project compared to the Hoot Lake Coal Plant. What about 50-14 analysis considers only environmental impacts. If through the EAW process, the RGU
EAW the profits for OTP? They are a large corporation which determines that an EIS is warranted because the impacts on the environment would be
looks to making returns for its shareholders. They are not significant, then an EIS would be prepared that also evaluates the economic,
responsible to use this project to reduce rates of their employment, and sociological impacts.
consumers.
According to Minnesota law, the responsible governmental
unit (RGU) must obtain from the project proposer all
. ( . ) . proJ . prop The City will use the analysis in the EAW and will apply the criteria for determining when
information necessary to review, modify, and make a , . . . .
L . . an EIS is warranted or required as listed in Minnesota Rules 4410.1700 Subp. 7. The EAW
decision. As RGU, the City of Fergus Falls could determine . . . .
Reason for . analysis considers only environmental impacts. If through the EAW process, the RGU
4 NS the need for an Environmental Impact Statement (EIS) 7-5 . . . .
EAW . . determines that an EIS is warranted because the impacts on the environment would be
based on comments received during the EAW comment o .
. . . X . . significant, then an EIS would be prepared that also evaluates the economic,
period or additional information received or determined. It . o
) . . . L employment, and sociological impacts.
is my hope that the City will consider all comments within
the allowed 30 days prior to the final decision
From the standpoint of MEPA, project thresholds for mandatory EAW or EIS categories
However, your plans for the solar project with 49.9 are established to provide instruction on the typical level of analysis required by certain
Megawatts is an obvious attempt to avoid any oversight by types of projects. Typically, it is based on past experience with similar projects and
the Public Utilities Commission. It is necessary for the associated impacts. Other projects that require mandatory EAWs include construction of
4 Reason for Threshold health and well-being of those possibly affected by your 51 certain residential developments, expansion of existing petroleum facilities, new
EAW decisions to have sufficient county, city, or township transmission lines and pipelines, and expansion of municipal wastewater systems.

However, if through the EAW process, the RGU determines that the preparation of an EIS
is warranted, the RGU can prepare an EIS and use the EAW to focus on potentially
significant impacts. MEPA is a process that the RGU is implementing as required by the
Minnesota Rules.
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The interconnection at the Hoot Lake substation can accommodate up to 144 MW, but
because of land requirements and needed transmission line to reach the interconnection,
a larger project became too costly and didn’t make sense for OTP customers. Solar
projects that are 50 MW or larger do require Certificate of Need approval and a Site
Permit from the Minnesota Public Utilities Commission (MPUC), and based on a review of
other Minnesota solar projects larger than 50 MW, an Environmental Assessment similar
to the Hoot Lake Solar Project’s assessment would be conducted by the Minnesota
Department of Commerce. Thus, a project of 50 MW or more would need to conduct a
similar environmental review but would result in less local control and longer
implementation timelines.

Based on OTP’s projections around customer energy needs now and into the future, a
project over 50 MW wasn’t prudent. To be clear, the MPUC is aware of OTP’s plans
because it oversees the solar energy obligations and overall resource planning. In fact, in
December 2019, OTP was ordered by the MPUC to initiate a process to procure 30 MW or
more of solar capacity. Additionally, the City of Fergus Falls has initiated a process to
update its solar energy systems ordinance. In addition to public review, the City ordinance
updates will include input from the City Planning Commission and Natural Resources
Advisory Committee.

Reason for
EAW

Threshold

Involve the Public Utilities Commission and keep this
ethically above board and in alighment with best practices.
The RGU does not have enough experience or knowledge
of a large-scale solar farm to properly protect us

5-2

See response to comment letter ID 5-1 in the previous table row.

Reason for
EAW

Threshold

1) At 49.9 megawatts how can the perception be anything
other than sketchy that OTP is .1 below requiring Federal
oversight? Wouldn’t it be wise for the city to request such
oversight even if not required?

23-1

From the standpoint of MEPA, project thresholds for mandatory EAW or EIS categories
are established to provide instruction on the typical level of analysis required by certain
types of projects. Typically, it is based on past experience with similar projects and
associated impacts. Other projects that require mandatory EAWs include construction of
certain residential developments, expansion of existing petroleum facilities, new
transmission lines and pipelines, and expansion of municipal wastewater systems.
However, if through the EAW process, the RGU determines that the preparation of an EIS
is warranted, the RGU can prepare an EIS and use the EAW to focus on potentially
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significant impacts. MEPA is a process that the RGU is implementing as required by the
Minnesota Rules.

In Minnesota, large electric energy development is regulated by the MPUC. Minnesota
Statues Section 216E.01 defines a large electric power generating plant as one that
produces 50 MW or more. Plants under this 50 MW capacity are regulated at the local
level. The federal government’s jurisdiction is limited to the need to acquire a permit
required by a federal law. See EAW Item #8 for a list of potential federal involvement. The
proposed project has been designed to limit the potential impacts on resources that may
trigger federal permitting.

The interconnection at the Hoot Lake substation can accommodate up to 144 MW, but
because of land requirements and needed transmission line to reach the interconnection,
a larger project became too costly and didn’t make sense for OTP customers. Solar
projects that are 50 MW or larger do require Certificate of Need approval and a Site
Permit from the MPUC, and based on a review of other Minnesota solar projects larger
than 50 MW, an Environmental Assessment similar to the Hoot Lake Solar Project’s
assessment would be conducted by the Minnesota Department of Commerce. Thus, a
project of 50 MW or more would need to conduct a similar environmental review but
would result in less local control and longer implementation timelines.

Based on OTP’s projections around customer energy needs now and into the future, a
project over 50 MW wasn’t prudent. To be clear, the MPUC is aware of OTP’s plans
because it oversees the solar energy obligations and overall resource planning. In fact, in
December 2019, OTP was ordered by the MPUC to initiate a process to procure 30 MW or
more of solar capacity. Additionally, the City of Fergus Falls has initiated a process to
update its solar energy systems ordinance. In addition to public review, the City ordinance
updates will include input from the City Planning Commission and Natural Resources
Advisory Committee.

Reason for
EAW

Threshold

OTP is clearly avoiding PUC regulations by staying under 50

MW

4-20

From the standpoint of MEPA, project thresholds for mandatory EAW or EIS categories
are established to provide instruction on the typical level of analysis required by certain
types of projects. Typically, it is based on past experience with similar projects and
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associated impacts. Other projects that require mandatory EAWs include construction of
certain residential developments, expansion of existing petroleum facilities, new
transmission lines and pipelines, and expansion of municipal wastewater systems.
However, if through the EAW process, the RGU determines that the preparation of an EIS
is warranted, the RGU can prepare an EIS and use the EAW to focus on potentially
significant impacts. MEPA is a process that the RGU is implementing as required by the
Minnesota Rules.

The interconnection at the Hoot Lake substation can accommodate up to 144 MW, but
because of land requirements and needed transmission line to reach the interconnection,
a larger project became too costly and didn’t make sense for OTP customers. Solar
projects that are 50 MW or larger do require Certificate of Need approval and a Site
Permit from the MPUC, and based on a review of other Minnesota solar projects larger
than 50 MW, an Environmental Assessment similar to the Hoot Lake Solar Project’s
assessment would be conducted by the Minnesota Department of Commerce. Thus, a
project of 50 MW or more would need to conduct a similar environmental review but
would result in less local control and longer implementation timelines.

Based on OTP’s projections around customer energy needs now and into the future, a
project over 50 MW wasn’t prudent. To be clear, the MPUC is aware of OTP’s plans
because it oversees the solar energy obligations and overall resource planning. In fact, in
December 2019, OTP was ordered by the MPUC to initiate a process to procure 30 MW or
more of solar capacity. Additionally, the City of Fergus Falls has initiated a process to
update its solar energy systems ordinance. In addition to public review, the City ordinance
updates will include input from the City Planning Commission and Natural Resources
Advisory Committee.

Project
Location

Watershed

Please note that the major watershed is the Otter Tail
River Watershed (HUC8 #09020103), not the Red River of

the North Basin.

16-1

Thank you for your comment. The correct information can be found in the Findings of
Fact document.
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Proiect OTP does have other sites in their territory that have While OTP does have other sites where interconnection can take place, a significant value
6 Dechri tion Alternatives interconnections they could tie into that wouldn't disrupt 4-19 for OTP customers is the ability to use the soon-to-be-retired Hoot Lake coal plant’s
P residential areas as this would interconnection and existing substation.
Wouldn't it make more sense to offer incentives to the
Proiect Otter Tail Power Company customers, to install private OTP has tariffed rates specific to customer-owned generation. The process is described
6 Dechri tion Alternatives solar panels and sell back excess electricity? | see there are | 11-4 more fully at the following link: https://www.otpco.com/help-center/how-to-connect-to-
P some incentives for commercial but | couldn't find any our-power-grid/minnesota-interconnection/.
rebates or incentives for private home owners.
' ' ' ' ' ' There are two fields this comment may be referring to. There is a mowed field northwest
Project . 1. Why isn't OTPC including the big mowed f'el'd on the hill of Hoot Lake Plant, which is not under OTP ownership. There is also a mowed area
6 Description Alternatives north of the Hoot Lake power plant on the project area 15-1 northeast of Hoot Lake Plant owned by OTP. The former area is not included in the
map? project due to lack of ownership. The latter area is not included because of its current use
as lineman training grounds.
| also don't think it would be a bad idea to get a second
option for location. As a GIS technician & geographer | The interconnection at the Hoot Lake substation can accommodate up to 144 MW, but
aware of the spatial requirements for a solar farm. And because of land requirements and needed transmission line to reach the interconnection,
6 Project Alternatives though this is definitely the cheapest location for OTP, | 19-2 a larger project became too costly. During initial project design, OTP considered other
Description feel other locations can be looked at. | am not sure if it is locations; however, the current proposed location was the least-cost option for OTP
too late to change the location, so if not, | would definitely customers. During detailed design, OTP intends to work with adjacent landowners and
hope trees, bushes, etc be planted to shield homes and 1- the City on specific project screening requests.
mile trail be protected from view.
4) Looking at the project map, why wouldn’t the most NW . . . .
) . & proj P y The center north open area is the location of the Hoot Lake Plant ash landfill. While
section be moved to the center north open area by the ash . . . . . .
. . . . installing solar panels on top of closed landfills can be economically achieved in some
Project . site? This would create a beneficial buffer for all . . o
6 Lo Alternatives . 23-4 circumstances, several factors must be considered. The Hoot Lake Plant ash landfill is not
Description Gutenberg property owners and possibly reduce or . . . . )
. . an attractive candidate for solar installations based on slope steepness, final cover cap
eliminate the enormous property value declines for these ] . L . X . .
. design, and long-term maintenance obligations required by OTP’s solid waste permit.
residents.
6 Project Annexation Will the homes inside the site area be annexed into the 4-12 OTP intends to petition the City to annex the private property parcels they have acquired
Description City

for the project. Other home and landowners in the area of the project would not be

10
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create and maintain a regularly researched and updated
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. Comment . Comment
Item | EAW Subject , Substantive Comments Response
Subtopic Letter ID
No.
included in this petition, but would reserve the right to petition for annexation if they
desire. The City has committed to annexing only those interested at this time. None of
these homes are landlocked, and their driveway access remains unaffected.
OTP plans to have a decommissioning study performed soon after the project is
operational unless otherwise required by the City. This decommissioning study would
most likely be completed in the 2022 to 2023 timeframe in conjunction with OTP’s 2023
. L . L . . 5-year depreciation filing with the MPUC. The decommissioning study results would
Project Decommissioni | Will there be a decommissioning plan established prior to . . . . L .
6 . . 4-10 ideally be incorporated into that deprecation filing. Currently, decommissioning studies
Description ng the start of the project . . ' . . X
for the OTP generating fleet are updated every 5 years in conjunction with OTP’s
Minnesota 5-year depreciation filings and incorporate the latest cost structures, best
practices, and policy updates that may have occurred since the prior study was
performed.
Although any solar ener roject can have a useful life of
& y L 8Y proj ] OTP plans to have a decommissioning study performed soon after the project is
25 years or more, it is important that the community . . . . ] L
o . B . operational unless otherwise required by the City. This decommissioning study would
understand the risks involved in decommissioning the . . . . ) : ) :
. . . . most likely be completed in the 2022 to 2023 timeframe in conjunction with OTP’s 2023
project. The City of Fergus Falls should require a physical e . Co
L . . 5-year depreciation filing with the MPUC. The decommissioning study results would
plan for decommissioning including how costs will be . . . . L .
L ideally be incorporated into that deprecation filing. Currently, decommissioning studies
handled. Decommissioning, salvage value, and land . . ] . . °
. L . . . for the OTP generating fleet are updated every 5 years in conjunction with OTP’s
Project Decommissioni | restoration costs should be included in the . R .
6 L N . 7-4 Minnesota 5-year depreciation filings and incorporate the latest cost structures, best
Description ng decommissioning cost calculation and prepared by a . . . .
) ] practices, and policy updates that may have occurred since the prior study was
licensed engineer. Those costs should not be borne by the . . . .
. . . performed. OTP believes a letter of credit or security instrument is unnecessary; however,
City nor the consumer. A letter of credit or other security . - . o . . .
. . ) OTP is familiar with providing financial assurance for closure and post-closure of solid
instrument should be included and updated every five e . . .
. . waste management facilities under Minnesota Rule 7035, which authorizes several
years. | would like to be assured that OTPCO will . > ) ) . . . . .
. . . different options for financial assurance instruments, including a financial test
implement reasonable risk mitigation to protect the . . .
. . . demonstration authorized by Minnesota Rule 7035.2750.
community and the environment for future generations.
. o OTP plans to have a decommissioning study performed soon after the project is
6 Project Decommissioni | ¢ ror the best possible sustainability, require OTPC to 15-8 operational unless otherwise required by the City. This decommissioning study would
Description ng

most likely be completed in the 2022 to 2023 timeframe in conjunction with OTP’s 2023
5-year depreciation filing with the MPUC. The decommissioning study results would

11




Hoot Lake Solar EAW Comment Response Table

Draft 02/12/2021

stray voltage from affecting adjacent properties or causing
interference with the operation of electrical appliances or
electronic equipment on adjacent properties. In the event
such disturbances occur, or are alleged to occur, such
disturbances should be required to be mitigated to the
satisfaction of the RGU. Given the close proximity of

EAW
. Comment . Comment
Item | EAW Subject , Substantive Comments Response
Subtopic Letter ID
No.
plan for repurposing and recycling the solar panels when ideally be incorporated into that deprecation filings. Currently, decommissioning studies
they reach their expected life span of 35 years. for the OTP generating fleet are updated every 5 years in conjunction with OTP’s
Minnesota 5-year depreciation filings and incorporate the latest cost structures, best
practices, and policy updates that may have occurred since the prior study was
performed.
6 Project Disposal What will OTP do with the solar panels once the federal 4-9 OTP anticipates using the solar facilities for their full useful life. Any tax benefits OTP
Description P and state tax incentives expire receives are passed on to customers in the rate-making process.
OTP anticipates a useful life of 35 years for the solar facilities. OTP has obtained a portion
What is the life span of the solar panels? Are they of the project’s solar panels, which were manufactured in Thailand. The remainder of the
Project ' is ti
6 Dechription Disposal manufactured in the United States? What happens tothe | 11-3 panels have not been procured at this time.
panels if they are damaged? Do they end up in a land fill? Solar panels that have reached their life expectancy or that have been damaged beyond
repair will be removed and properly disposed or recycled to the extent practicable.
2) With average solar panel life expectancy of 25 years and OTP anticipates a useful life of 35 years for the solar facilities.
6 Project DI | improved methods to manufacture creating basically no 23-2
Description 1Sposa means or reason to recycle components, which landfill will ) Solar panels that have reached their life expectancy or that have been damaged beyond
these 150,000 panels begin to fill at that time? repair will be removed and properly disposed or recycled to the extent practicable.
Potential Environmental Impacts Not Identified:
Electromagnetic Compatibility (EMC) Study The solar project is not expected to cause electrical interference from electrical and
magnetic fields on nearby residences. OTP intends to design, construct, and operate the
Possible Mitigation: electrical systems of the proposed solar project using standard industry practice to reduce
An Electromagnetic Compatibility (EMC) study should be electrical noise.
6 Project EMC done to assess whether an electromag.netic impact is likely 13-26 A 2015 study conducted by the Department of the Navy analyzed the potential for
Description to occur. The solar farm should be designed to prevent any electromagnetic interference (EMI) impacts on naval airfield electronics from siting

photovoltaic systems nearby. The Department of Energy National Renewable Energy
Laboratory conducted the assessment. They found that the inverters, which could be a
source of EMI, “are inherently low-frequency devices that are not prone to radiating
EML.” To further reduce the potential for EMI, the Navy requires a 250-foot setback of
inverters from communication equipment. See NAVFAC EXWC, 2015, Renewable Energy,
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A contour map before and after grading should be
required in the EIS and presented to the RGU for comment
and approval or denial.

EAW
. Comment . Comment
Item | EAW Subject , Substantive Comments Response
Subtopic Letter ID
No.
inverters to numerous residential dwellings, this could be a Photovoltaic Systems Near Airfields: Electromagnetic Interference,
source of significant impact. (Reference: https://www.nrel.gov/docs/fy150sti/63310.pdf.
www.pagerpower.com/news/solar-farms-
electromagnetic-interference-emi/) None of the inverters would be sited within 250 feet of any residence. Therefore, no
impacts from EMI are expected.
OTP does not expect impacts on cable TV, cable internet, satellite, and cell service from
this solar project.
As a sign of good faith - OTP should adopt neighbor
. . & g' . . P . & As detailed throughout the EAW, OTP intends to incorporate good neighbor and
Project . friendly provisions of the best practices ordinances that . . L . . o .
6 . Good Neighbor . . 4-21 environmentally friendly practices in the project design. Although every project is unique,
Description would be requred if the project was over 50 MW as other . . . . . .
. we believe these practices are consistent with other large-scale Minnesota solar projects.
MN companies have done
As discussed in EAW Item #11.b.ii, OTP will obtain a construction stormwater permit
under the National Pollutant Discharge Elimination System (NPDES) program and will
develop a Stormwater Pollution Prevention Plan (SWPPP) before starting construction.
«All grading should be designed to divert or capture run- The project will adhere to the SWPPP, including the implementation of erosion and
6 Project Grading off from panels and associated infrastructure, preventing 6-8 sediment control best management practices, to prevent stormwater runoff during
Description ’ ; ;
P runoff into aquatic environments unfiltered. construction of the project.
OTP will implement erosion control and soil stabilization practices, including establishing
vegetation across the solar project, to prevent and control stormwater runoff during
operation.
Environmental Impacts Identified, but Not Adequately
Addressed: Please refer to EAW Item #10, which discusses the land and soil disturbance. OTP has
Grading developed a conceptual project design that seeks to minimize the need for site grading.
Project . Grading will occur in some areas to lessen slope steepness to accommodate the
6 Description Grading Possible Mitigation: 13-11 acceptable slope requirements of the solar array and associated equipment. The City will

review the final proposed site plan as part of the building permit process. However, OTP
will develop a SWPPP that will describe the erosion control measures and revegetation
plan for disturbed soils to minimize effects from grading and erosion. OTP will need to

13
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adhere to the SWPPP and obtain a construction stormwater permit from the Minnesota
Pollution Control Agency (MPCA).
The range of expected and potential environmental impacts is identified and discussed in
There seems to be many "unknowns" with this project and the EAW. At this point in the project development, OTP has developed a conceptual
they'll "decide details when they get further into the project design and a set of project specifications that support the identification of the
6 Project Level of Detail project". | can understand that to a certain extent, but 55 environmental impacts outlined in the EAW. OTP has specified the design requirements
Description when they are surrounding entire plats of land, | think for fencing, but has not yet selected a specific fence vendor, type, or model. The EAW
people deserve the courtesy of knowing the details: OTP process affords an opportunity for OTP to receive feedback from stakeholders prior to
doesn't know what kind of fence they'll use?? deciding many of the unknowns in order to incorporate that feedback into the final
decision making.
Please refer to EAW Item #10, which discusses the land and soil disturbance. OTP has
developed a conceptual project design that seeks to minimize the need for site grading.
6 Project Level of Detail OTP doesn't know exactly how much grading of the land )6 Grading will occur in some areas to lessen slope steepness to accommodate the
Description will be necessary?? acceptable slope requirements of the solar array and associated equipment. The precise
amount of grading required won’t be determined until contractor selection occurs and
the final layout design is complete.
Potential Environmental Impacts Not Identified: Please refer to EAW Item #18, which discusses site access and traffic-related impacts. OTP
Access Road Location has estimated daily traffic impacts and identified preferred construction access routes.
6 Proje<.:t . Level of Detail . y 13-18 The proposed 'site access points from Hig'h'waY 210 a'nd Mai'n Street ar'e illustrated in EAW
Description Possible Mitigation: Figure 3. The final project plans and specifications will consist of a designated haul route
Require a map with the location of access roads in an EIS for the contractor to adhere to. Haul routes will be monitored during the duration of the
and part of the application for a Conditional Use Permit. project.
Employees responded to a number of concerns about Please refer to EAW Item #10, which discusses the land and soil disturbance. OTP has
grading, and impact that OTP was not far enough along in developed a conceptual project design that seeks to minimize the need for site grading.
Project . the design of the project to know how much grading would Grading will occur in some areas to lessen slope steepness to accommodate the
6 Description Level of Detail have to be done. This, in my view contradicts the EAW 20-1 acceptable slope requirements of the solar array and associated equipment.

which states that there will be little or no impact after
construction of the wetlands and erosion. Yet if they have
not gotten far enough along in the project to know how

Please refer to EAW Item #11.b.iv, which discusses surface water. OTP has developed a
conceptual project design that minimizes the permanent wetland impacts.
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much grading (moving earth) they will need how can they As discussed in EAW Item #11.b.ii, OTP will implement erosion control and soil
make those statements? stabilization practices, including establishing vegetation across the solar project, to
prevent and control stormwater runoff during operation.
The City will review the final proposed site plan as part of the building permit process.
However, OTP will develop a SWPPP that will describe the erosion control measures and
revegetation plan for disturbed soils to minimize effects from grading and erosion. OTP
will need to adhere to the SWPPP and obtain a construction stormwater permit from the
MPCA.
The details | mentioned may not be exact; but how is an . . . L. . . .
. y ] . y The range of expected and potential environmental impacts is identified and discussed in
. one to know the specifics due to there being very minimal . . .
Project . . . . . the EAW. At this point in the project development, OTP has developed a conceptual
6 o Level of Detail information for the public. How will this impact Fergus 21-4 . . . L . L
Description . ] project design and a set of project specifications that support the identification of the
Falls? What are the potentials benefits/pros? And what are . ) ] .
L environmental impacts outlined in the EAW.
the potential risks/cons?
OTP plans to develop operations and maintenance procedures for the solar project that
Potential Environmental Impacts Not Identified: adhere to their overall goals to supply safe, reliable, and economical electric services to
Solar Panel Maintenance Plan their customers and that are consistent with best utility industry practices. Solar panels
do contain metals and chemicals that are encapsulated to eliminate leaching during
Possible Mitigation: operation. Heavily damaged panels subject to rains could leach these constituents into
OTP’s plan to remove and repair damaged solar panels, the soil. It is highly unlikely that any leaching would affect water resources. A recent study
including a time limit for repair and commitment that the examining pathways associated with heavy metal leaching from discarded solar panels
6 Project Maintenance ground will remain free of debris. Solar panels often 13-20 indicated that the primary pathway was through soil/skin interaction and soil ingestion.
Description contain lead, cadmium and other toxic chemicals. OTP has OTP will apply for all necessary permits for the construction and operation of the solar

said these will be bi- facial panels, which increases the
amount of chemicals (150,000 panels x2 sides) and
potential for damage.

The RGU should also be allowed access to the solar farm to
inspect solar panels if there are concerns the maintenance
plan is not being met.

facility and will meet any permit-specific conditions or requirements, including the proper
disposal of damaged equipment. Solar panels that have been damaged beyond repair will
be removed and properly disposed (including within regulated, lined landfills) or recycled

to the extent practicable.

If the private property parcels OTP has acquired for the project are ultimately annexed
into City limits, OTP will seek permits from the City for construction of the project. Those
permits are expected to include conditions that OTP will need to meet to comply with the
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permits. The City would be able to access the property during construction to determine
if conditions are being met.

Once in operation, the City would have authority to inspect the property if it is
determined that OTP is not meeting the City’s codes and ordinances.

Project
Description

Maintenance

| also am quite concerned with the upkeep of this solar
project. Solar panels have a limited lifespan. Are they
contractually committing to the upkeep and maintenance
of this project?

22-4

OTP is committed to providing electric services that are safe, reliable, and economical.
OTP intends to maintain this solar project so that its customers continue to receive
reliable and cost-effective electric services.

Furthermore, OTP plans to develop operations and maintenance procedures for the solar
project that adhere to its overall goals to supply safe, reliable, and economical electric
services to their customers and that are consistent with best utility industry practices.

Project
Description

Maintenance

Are they planning to repair the damage if they no longer
find it profitable?

22-5

OTP anticipates using the solar facilities for their full useful life. Operation of the facility
will include a maintenance program to address damaged panels. At the end of its useful
life, the facility will be decommissioned. Currently, decommissioning studies for the OTP
generating fleet are updated every 5 years in conjunction with OTP’s Minnesota 5-year
depreciation filings and incorporate the latest cost structures, best practices, and policy
updates that may have occurred since the prior study was performed.

Project
Description

Planning

I would like us to see how long this project has been
planned for and to demand that more thorough planning
be done for everyone’s benefit .Including the economic
cost benefit to OTP

20-13

OTP’s resource plan has included a generic solar facility as indicated in its preferred plan
approved by the MPUC in 2017. This specific site was contemplated in late 2019 after the
Federal Energy Regulatory Commission approved Midcontinent Independent System
Operator’s interconnection process that allowed for OTP to potentially reuse the existing
coal plant interconnection facilities upon retirement of the existing facility.

Prior to initiating the MEPA EAW process, OTP researched the area and developed
baseline understandings of the potential environment impacts, which were used to direct
its project design and layout.

The City will use the analysis in the EAW and will apply the criteria for determining when
an EIS is warranted or required as listed in Minnesota Rules 4410.1700 Subp. 7. The EAW
analysis considers only environmental impacts. If through the EAW process, the RGU
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determines that an EIS is warranted because the impacts on the environment would be
significant, then an EIS would be prepared that also evaluates the economic,
employment, and sociological impacts.
. . . OTP continues to discuss property valuation concerns with neighbors related to the
Project How will OTP reimburse homeowners for property . ] . . .
6 o Property Value . 4-11 proposed project and is striving to have arrangements/agreements in place with all
Description devaluation . . .
directly neighboring homeowners.
OTP currently provides tours of any company electric generation sites as requested and
Proiect My recommendations in no particular order: 1. Provide appropriate. OTP does plan to provide public tours upon project completion (via an open
6 Dechri tion Public Outreach | public tours of the finished facility for residents and 15-3 house or other commemoration). OTP also will continue to seek opportunities for
P visitors to help educate others about solar energy. collaboration with local schools and organizations to provide education around solar
energy, other generation resources, and energy conservation.
. 2. Partner with local school districts to provide educational . . . . .
Project . . . OTP will continue to seek opportunities for collaboration with local schools and
6 o Public Outreach | experiences so area students have the opportunity to learn | 15-4 D . . . .
Description organizations to provide education and/or volunteer opportunities.
about solar energy.
The retirement and decommissioning of the Hoot Lake Power Plant is outside the scope
5. To save on landfill space, require Otter Tail Power of the EAW. However, OTP will decommission the plant according to an MPUC-approved
Project ' !
6 Dechription Public Outreach | Company to repurpose and recycle as much of the Hoot 15-7 plan.
Lake Power Plant as possible upon decommissioning it. A significant value for OTP customers is the ability to reuse/repurpose the soon-to-be-
retired Hoot Lake coal plant’s interconnection and existing substation.
6 Project public Outreach 7. Involve local students in assisting in planting native 15-9 OTP will continue to seek opportunities for collaboration with local schools and
Description prairie seeds and plants on the site. organizations to provide education and/or volunteer opportunities.
Proiect 9. Provide signage near the Otter Tail River identifying the Thank you for your comment. OTP seeks opportunities for collaboration with local
6 Dechri tion Public Outreach | site and inviting canoeists and kayakers to land their crafts, | 15-11 organizations to provide education opportunities. However, the project will not be visible
P stretch their legs, and learn more. from the Otter Tail River and will be fenced for security purposes.
Project ' There appears to be lack of transparency coming from There may be a misconception about where this project is currently at in the
6 Description Public Outreach | gertail power (OTP) and from the City of Fergus Falls. | 21-5 development process. The EAW is meant be prepared as early as practicable in the

was disappointed not to get a response from the Fergus

project development process. The EAW is not meant to approve or deny a project, but
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Falls Planning Commission. Even more concerning was the
lack of knowledge city council members had. How can a
project of this magnitude be put into motion without the
planning commission or city council? When asked, | was
told this property is outside city limits so the townships
would need to be contacted. | am aware the City is the
RGU, however the townships were not notified regarding
any of this from either OTP or the city; this again goes back
to transparency.

instead to act as a source of information to guide other approvals and permitting
decisions. Further, the Minnesota Environmental Quality Board describes the EAW as a
“brief document which is designed to set out the basic facts necessary to determine
whether an EIS is required for a proposed action.” In addition to the legal purpose of the
EAW in determining the need for an EIS, the EAW also provides permit information,
informs the public about the project, and helps identify ways to protect the environment.

OTP has made every effort to be as transparent as possible about the project and has led
several public meetings outside of the EAW process to provide information and answer
questions. For example, two neighborhood meetings were held on November 24, a
community virtual open-house meeting was held on December 2, OTP presented at the
Aurdal Township meeting on December 17, OTP again presented at the Otter Tail County
Public Works Committee meeting on January 7, and OTP attended the January 12 Buse
Township meeting. OTP intends to continue having conversations throughout the
community when there is new information to share and/or opportunities for input on
project design.

In some limited cases, it is not appropriate for OTP to share information because of
competitive bidding impact and privacy considerations.

Project
Description

Safety

Will there by any fire concerns for the Fire Department

4-4

Solar photovoltaic projects have an inherent fire safety hazard due to the energized low-
and medium-voltage electrical equipment. OTP has developed a conceptual project
design and set of project specifications that seeks to meet the local codes and local fire
department requirements, including properly sized and gated access points to the project
and internal road turnarounds properly sized for fire department vehicles. OTP plans to
develop and maintain site safety and emergency preparedness procedures that will direct
emergency first responders how to keep personnel safe and properly respond to a
hazardous or fire event that occurs on the project site. These plans will be communicated
to the local law enforcement and fire departments.

Project
Description

Security

2. What is the purpose of the fence? Is it really necessary?
Seems like a lot of fence. Why not let wildlife continue to

15-2

A fence surrounding the site is for the purpose of public safety and is required to protect
the site from unauthorized access. During operation, the site will contain electrically
energized equipment that could be dangerous for the general public. Wildlife species that
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use the area? Or is it to keep people out and if so, why? Is are able to clear or bypass the fence will be able to access the site. OTP plans to work
it unsafe? with the Fergus Falls Fish & Game Club to explore fence passage options that may allow
smaller species movement through the area.
During operation, the privately owned site will contain electrically energized equipment
that could be dangerous to the general public. Unaccompanied public access would be
8. Provide a self guided walking or hiking trail open to the restricted to promote public safety.
6 Project Security public year round on site with interpretive signage about 15-10 OTP currently provides tours of any company electric generation sites as requested and
Description the site. Perhaps link it to the North Country National appropriate. OTP does plan to provide public tours upon project completion (via an open
Scenic Trail which runs nearby at One Mile Lake Prairie. house or other commemoration). OTP also will continue to seek opportunities for
collaboration with local schools and organizations to provide education around solar
energy, other generation resources, and energy conservation.
Concern 1 . o . . .
Pg. 3: “The entire project site would be surrounded by a A fen'ce surrounding th'e site is for the F)urpose of public sa'fety ?nd is re'quwed t'o protect
security fence. If chain link SN w TSR eer fenciNgh the 5|t.e from L!nauthorlzed access. During operation, the site will c?ntaln electrically
used, the fencing will be approximately 8 feet tall with energized equipment that could be dangerous for the general public.
access limited through security gates.” Based on a review of Minnesota Department of Natural Resources (DNR) guidance, and
-This “security fence” is aesthetically unpleasing—its ugly. federal and state energy development and reliability requirements, OTP is currently
No one wants to look at this. This fence would be visible planning to install a woven wire fence with three smooth wires angled out across the top.
from highway 210 and from east main street. How many This will maximize security while reducing the visual impacts of a chain link fence and
6 Project Securit people travel these roads per day? Is that what we want 510 barbed wire.
Description v people to think of when they drive into Fergus Falls?

- This allows no animal passage for large game. Large game
travelling south or north would need to travel to the east
or west in order to do so. This barrier to normal travel has
a host of effects including eating, sleeping habits, and
possible reproduction. This would also force an influx of
animals into crossing area which | would assume would
impact vehicle travel and possibly lead to increased
accidents and mortality. The possible increase in motor
vehicle accidents was not addressed in the EAW.

Wildlife species that are able to clear or bypass the fence will be able to access the site.
Large wildlife like white-tailed deer will likely be deterred from these areas based on the
height of the fence. Although species like deer would be diverted around the property,
the fence setback of the property, adjacent undeveloped lands, and OTP’s intent to plant
areas of native habitat could limit the extent of this impact. Based on these available
corridors and adjacent habitat, the prospect of increasing wildlife road crossing mortality
is unlikely. Any wildlife mortality that occurs would not be significant in relation to the
local population.
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-This “security fence” in conjunction with the whole The EAW focuses on the potential for significant environmental impacts and does not
project is bound to decrease property values of consider socioeconomic issues.
neighboring homes and developments. The EAW did not
address this.
Potential Environmental Impacts Not Identified:
Setback from Roadway
Environmental Impacts Identified, but Not Adequately
Addressed: The current setbacks described in the EAW would meet the zoning requirements of the
Setback from Adjacent Properties City. OTP will adjust its setbacks as necessary to adhere to City zoning requirements.
Possible Mitigation: The setback from the road is considered the front yard (30-foot) setback described in the
The EAW setbacks are not adequate to minimize impact to EAW.

Project adjacent properties and roadways. EAW, p. 8, 30’ for front T iy | to the t ¢ . al  that y it f

6 Descrition Setbacks yard, 10’ side yards, 40 outside of city limits. Setbacks 13-6 e comn’Ten is u'nc ear as to the type of environmental impact that would result from
from roadways is not addAS8888 in the EAWRANG this nt?t adh.erlng to City setbacks such that an EIS w.ould be warranted. OTP pla.ns to.work
project will border a significant stretch of HWY 210 and with adjacent landowners on ways to screen adjacent property to reduce visual impacts.
Main St. As described above, OTP intends to petition for their property to be annexed by the City.
Mitigation shallIGHIDEINGERRAN E1S TOUURIEr studyi If anr.19xation is approved, the proposed project would adhere to City setback
impact; and 2) the City of Fergus Falls’ solar ordinance requirements.
should be revised to align with Aurdal Township’s new
solar ordinance, which will include 300’ from residential
dwellings, 150’ from property lines, and 130’ from the
center line of any road.
The size of the project and associated costs. The Project is

. Much Bigger Than Necessary The proposed project size of OTP, as ordered by the MPUC in December 2019, conducted a “competitive bidding
6 EFOJeC't ; Size 49.9 MW is much larger than would be needed for OTP to 9-1 process to procure approximately 30 MW or more of installed solar capacity.” The
escription

satisfy Minnesota’s Solar Energy Standard (SES), a state
law which requires the utility to generate 1.5 percent of its
electricity from solar energy. Using the standard amount

proposed 49.9 MW Hoot Lake Solar Project was the least-cost alternative when factoring
in a reasonable upper boundary on what OTP could add to its system. Smaller projects
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of electricity generated from solar panels at other
locations in Minnesota, which is about 18 percent of their
potential output, or capacity factor, this project would
need to be approximately 25 MW to meet the standard. In
emails between OTP representatives and myself, the
company stated that they believe the project will achieve a
capacity factor of 24 percent, which means the installation
would only need to be 19 MW to meet the SES. As a result,
the proposed project is 62 percent larger than it would
need to be to satisfy these state mandates. The state’s
goal of having 10 percent of sales come from solar by 2030
is a non-binding goal, and not a mandate,which means the
extra panels will not be required by law. Extra Panels Mean
Extra Costs for Consumers Allowing OTP to build a solar
facility that is larger-than-needed to meet the state solar
energy mandate will increase the cost of electricity for all
OTP customers, which is effectively a tax on their quality of
life. Prices will rise because OTP is not truly a private
company, they are a government-approved monopoly
utility that is guaranteed to make a government-approved
profit (or rate of return), when they build new things like
solar panels, wind turbines, or natural gas plants in South
Dakota. Because they are a government approved
monopoly operating under this incentive structure,
spending extra money to build a solar facility that is larger
than necessary will lead to unnecessary cost increases for
families, businesses, and government entities in OTP’s
service territory. This means hospitals, schools, nursing
homes, police departments, and churches will have to pay
more just to keep the lights on. OTP has already
announced they would be raising rates by approximately

6.77 percent, on average, to pay for the Merricourt wind

were considered but were not cost effective for OTP’s customers on a levelized cost of

energy basis.
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facility in North Dakota, and the Astoria natural gas plant
in South Dakota. This solar facility will further increase
costs.
Potential Environmental Impacts Not Identified:
Tax Revenue
Possible Mitigation: Solar projects are subject to a production tax in lieu of property tax in Minnesota. The
Require OTP to give the City a number (not a percentage) Hoot Lake Solar Project is expected to provide more than $120,000 annually in local tax

Project for projected revenue per year so the City can effectively benefit. Minnesota Statute 272.0295 subd 7 states, "The reve