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DESIGN ENGINEERS, INC.

March 12, 2021

C. Nils Mckay, Planning Technician
Town Hall

3 North Main Street

Assonet, MA 02702

RE:

Large-Scale Solar Energy System Site Plan Review
Middleboro Road Solar Project — Freetown, MA
ADE Project #3220.01

Dear Mr. Mckay:

On behalf of the applicant, CVE North America, Inc., enclosed, please find documents relative to
a Site Plan Review application for the Middleboro Road Solar Project located in Freetown,
Massachusetts.

We have provided copies of the following items for the Planning Board:

Three (3) copies of Application for Site Plan Review including all required signatures.
Deed for the Subject Site.

Municipal Lien Certificate

300-foot Certified Abutters List

Zoning Determination Letter dated 3/2/2021

Certificate of Insurance

Purchase Option Agreement 12/28/19 — Signed 12/20/19 (Site Control)
Eversource Distributed Generation Project Notification (Utility Notification)
Preliminary One-Line Electrical Diagram

Photovoltaic Array Component Documents

Pollinator Friendly Solar Description and Proposed Seed Mix

Solar Decommissioning Plan Evaluation and Cost Estimate dated 3/12/2021
Solar Facility Operation & Maintenance Plan

Wetlands Delineation Report by Sabatia Inc. — Dated January 8, 2021
Hazardous Material Assurance Letter — Dated March 12, 2021

Sound Attenuation Analysis — Dated March 12, 2021

Zoning Figure

Under Separate Cover:

One (1) Memory Stick Containing All Above-Listed Documents

Twelve (12) Full Size Development Plans titled “Site Development Plans for Middleboro
Road Solar Project” dated 3/12/2021

Stormwater Management System Report — Dated 3/12/21



C. Nils Mckay Planning Technician

Freetown Planning Board

Site Plan Review

Middleboro Road Solar Project — Freetown, MA
March 12, 2021 — Page 2

Checks for the Following:

e Site Plan Review Check No. 0363 dated 3/10/21 in the amount of $500.00
e Consultant Fee Check No. 0380 dated 3/10/21 in the amount of $3,500.00

If you have any questions or require further information, please do not hesitate to contact me at
(508) 888-9282.

Sincerely,

ATLANTIC DESIGN ENGINEERS, INC.

ichard J/ Tabaczynski, P.E.
Vice President

CcC: Town Clerk
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DESIGN ENGINEERS, INC.

Site Plan Review
and Supporting Documents
For
Middleboro Road Solar Project
Freetown, Massachusetts

Prepared for:
CVE North America, Inc.
109 W. 27t Street, 8t Floor
New York, New York 10001

Prepared by:
Atlantic Design Engineers, Inc.
P.O. Box 1051
Sandwich, Massachusetts 02563

March 12, 2021
Atlantic Project No. 3220.01



FORM SPR — APPLICATION FOR SITE PLAN REVIEW




PLANNING BOARD
TOWN OF FREETOWN, MASSACHUSETTS
FORM SPR - APPLICATION FOR SITE PLAN REVIEW

Checklist for Applicants:

The following must be included with all applications for site plan review:

|Z| 1) Three copies of this form, a copy of the deed to the property, and if the application is submitted
by anyone other than the owner, a letter signed in the presence of a notary public authorizing the
applicant to act on their behalf.

|E 2) 12 copies of the plan prepared in accordance with the Town of Freetown Subdivision Rules and
Regulations and the Town of Freetown Site Plan Review Regulations. All plan copies must be folded.

|X|3) An application fee according to the fee schedule payable to the Town of Freetown. Applicant shall
also be responsible for costs associated with advertising and certified mailing of public hearing notices.

|X|4) A PDF electronic file of the plan on a CD including any drainage calculations, Development Impact
Statements, or Traffic Studies.

X]5) A Municipal Lien Certificate

|X|6) A certified abutters list from the Town of Freetown Board of Assessors.

|X|7) Engineering Review deposit

|X| 8) Zoning Determination from the Zoning Enforcement Officer/Building Commissioner
To the Town Clerk of the Town of Freetown Massachusetts:

The undersigned hereby submits the accompanying Special Permit Application and supporting
documents for Special Permit Approval under the Rules and Regulations of the Planning Board adopted
hereunder.

1. Applicant: CVE North America, Inc. Tel:(603) 545-2930

Address: 109 W. 27th Street, 8th Floor New York, NY 10001

2. Attorney: Elizabeth F. Mason Tel:(617) 502-6286

Address: 20 Park Plaza #402 Boston, MA 02116



3. Owner: Trustees of the Middleboro Road Nominee Trust (Clermont, Edmond J& Richard P & Clermont
Armand R & Robert ET) Tel: XXX-XXX-XXXX

Address: PO Box 711 East Freetown MA 02717
4. Designer: Atlantic Design Engineers, Inc. Tel:(508) 888-9282

Address: PO Box 1051 Sandwich MA 02563

5. Plan Entitled: Site Development Plans for Middleboro Road Solar Project
6. Plan Dated: March 12, 2021
7. Project Location: 32 Middleboro Road, Freetown MA

Address:32 Middleboro Road, Freetown MA

8. Assessor Map/Parcel No.Map 245 Parcels 30.01-07 Zoning District: Residential
9. Lot Area: £16.1-acres Number of Lots Proposed: N/A
Total Acreage of Tract £16.1-acres Total Percentage of Lot Coverage Proposed: N/A

10. Total Square Footage of Existing Structures: 1,602 sqft

Total Square Footage of Proposed Structures: N/A

Combined Square Footage of Existing and Proposed Structures: 1,602 sqft
11. Total Number of Parking Spaces (Existing): N/A

Total Number of Regular Parking Spaces Proposed: N/A

Total Number of Handicapped Parking Spaces Proposed: N/A

Total Number of Spaces for Deliveries Proposed: N/A
12. Detailed Description of Project (use additional pages as added)

Proposed ground mounted fenced in solar array at 32 Middleboro Road, Freetown MA. The project proposes the
installation of approximately +7,176 photovoltaic panels along with perimeter fencing, racking systems, inverters,
transformers, and battery storage units with associated concrete pads, above and below ground utilities, stormwater
facilities, and a gravel road to access all electrical equipment pads. Access to the project will be via Clermont Way
through an extension of the existing private way. The total proposed fenced in area is +8.5-acres



13. Deed of Property Recorded in Bristol County Fall River District Registry of Deeds in Plan Book 3508
Page 28 Date Acquired: November 06, 1998.

14. Estimated Cost of Construction: ~$4.5 mil Type: |X|new Dreconstruction |:|
alteration

15. Application Fee — based on fee schedule: $500.00



To: Board of Health, Conservation Commission, Planning/Land Use Administrator, Building Inspector,
Highway Department, Fire Department, and Police Department.

According to the Special Permit Regulations in the Town of Freetown Protective By-Laws, you have the
option to examine and to make recommendations on this plan and to submit your report to the Planning
Board office on or before (35 days from date of transmittal

by the Town Clerk). Recommendations may be indicated directly on the attached plan or on separate
cover.

The property owner of record should be present when submitting plans for the Planning Board's
consideration. If the owner is not present, he or she shall be represented by an authorized agent with a
notarized letter of authorization. All plans must be prepared and endorsed by a Professional Land
Surveyor, licensed in the Commonwealth of Massachusetts.

Owner’s signature and address if not the applicant or applicant’s authorization if not the owner

A hehordh oo™ CLERMONT WAY E. FREETOWN MA

Owner’s Signature Owner’s Address

Richard ¥, Clopmont  5pg- F63 - 4388
Owner’s Printed Name Owner’s Phone Number
C CVE NORTHAMELICA
; X o9 w.27%8&r NN, WY jo00)

App\imnﬂkﬁnﬂt{x?v \ Applicant’s Address T

Cupn \Jno = L06Z - 544 -2930
Applica‘nt's Printed Namé Applicant’s Phone Number

ONL o\ poh G N Q0% Gaip. oM
Appliant’s E-Mail Address 2 ~— 9 Owner’s E-Mail Address

COMMONWEALTH OF MASSACHUSETTS
Bristol,SS Mﬂ [O//\ /0 ,20 92{
21
On this / O day of MA'KIH’ 4 Zo'é , before me, the undersigned Notary Public, personally

appeared ?‘CMRD P CMMOMT and

proved to me through satisfactory evidence of identification, which is DRIVERS LICE NSE _to be
the person whose name is signed on the preceding or attached document, and acknowledged to me that they

signed it voluntarily for its stated purpose. % K () M

Notary piblic

My Commission Expires: 3 / / ;\4

Date Received by Town Clerk: Abby /Q i e rm O/\+

RECEIVED BY TOWN CLERK e

DATE: £ o

TIME

SIGNATURE




March 5,2020
Mr. Keven V. Desmarais, Chairman
Freetown Planning Board
3 North Main Street
Assonet, MA 02702

Dear Chairman Desmarais,

The Freetown Planning Board FORM SPR — APPLICATION FOR SITE PLAN REVIEW states that “the
property owner of record should be present when submitting plans for the Planning Board’s
consideration. If the owner is not present, he or she shall be represented by an authorized agent with a

notarized letter of authorization.”

| cannot be present at the time of submission, but | am authorizing CVE North America Inc. and Atlantic
Design Engineers to submit the Site Plan Application and associated plans on my behalf.

Sincerely,

o A ma
¢ HHQDE Clermont, %#W@W

]
ﬁg Prgaperty Owner, 32 Middleboro Road
IV

COMMONWEALTH OF MASSACHUSETTS

COUNTY OF ,6fl(5’ o /

day of [“ﬁ [EZ] , 2021, before me, the undersigned notary public, personally appeared,
ermont , who proved to me through satisfactory evidence of identification, which

was _PlIVers 1Senca , to be the person whose name is signed on the preceding or attached
document, and acknowledged to me that he/she signed it voluntarily for its stated purpose, as such Trustee as
aforesaid.




SUBJECT SITE DEED




F
%
B
§
%
1

ANk AREDS 14 tht MARLIN Iy

=,

Eant FRowLliel, , (2%

BK 3508 PB 28
11706798 12127 0OC. 20140

QUITCLAIM DEED
1, Claire D, Clermont,
of 32 Middleboro Road, East Frectown, Bristol County, Massachusetis -
being unmarried, and in full coﬁsidemtion of One Dollar,

under power reserved in deed of Claire D. Clermont to Claire D. Clermont et al, dated

" November 21, 1996 and recorded in the Bristol County (Fall River District) Registry of Deeds

in Book 3176, Page 74,

grant all my right, title and intérest to EDMOND J, CLERMONT, 2624 Northcast 24th Street,
Lighthouse Point, Florida, RICHARD P. CLERMONT, 6 Clermont Way East Frectown,
Bristol County, Massachusetts, ARMAND R. CLERMONT, 5 Tommy's Lane East Frectown,
Bristol County, Massachusetts and ROBERT E. CLERMONT, 70 Old Purchase Road,
Eidgartown, Dukes County, Massachusctts, as Trustees of the Middleboro Road Nominee Trust,

i recorded in the Bristol County (Fall River District), Regisiry of Deeds in Book 3 176, Page 78,

with quitclaim covenants

the land in East Freetown, County of Bristol, Commonwealth of Massachusetts, with all the
buildings thereon, bounded and described as follows:

Beginning at the north-west comer of said iand in line of the Pubtic Road leading from New
Bedford to Middlcborough, at the south-west cormner of land formerly of Edward R. Ashley;

thence by said Ashley land south 86 /4 °East, by the wall, t'wenly-ninc and 56/100 (29.56) rods
{o an angle;

thence south 85 /2°East, by the wall, seven and 6/10 (7.6) rods to an angle;
thence south 86 3/4° East, by the wall, ten and 2/10 (10.2) rods to the corner of the wall;

thence south 85 1/4°East sixteen (16) rods to the north-cast comer of the land hereby
conveyed, to a stake and stones; T
o LWl

thence wu@? 1720W. t by land formerly of James Ashley, twenty-one and 12/100 (21.12)
tods to a sta ggji stones st a corner;

thence south 83 1/2°East five and 28/100 (5.28) rods o a stake and stones at a comer,

thence by land formerly of Ebenezer White, south 85 3/4 *West, twenty-five and 4/10 (25;4)
rods (0 a stake and stones for & cormner;

thence by land formerly of said White North 86° West, thirteen and 92/100 (13.92) rods to the
end of a wall;

thence by said White land and the wall North 85°West, twenty-seven and 36/100 {27.36) rods
10 an angle;

thence by said White land and the wall 86 172 *West, twenty-one and 16/100 (21.16) rods to s
comer of & wall:

thence by the wall and the dower land of Cynthia Ashley, North 5° East, fourteen and 32100
(14.32) rods 1o an angle,

B L . e gt
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thence by said wall and dower land, north 78 3/4 West, about eleven and 16/100 (1 1.16) rods "{
1o the northeast comner of said dowc; land;

thence by said wall and dower fand, North 40 1/2°West, one and 28/ 100 rods to an angle;

thence by said dower land, north 85 1/2° West, about twelve and 447100 (12.44) rods to ssid
Road; :

thence by said road, northerly about sixteen and 24710 (16.24) rods te an angle;
thenee by said road northerly six (6} rods to the place (;fbcginning.

Containing Nineteen (19) Acres and nine {9) rods, be t!;c same more or less, according to the
survey and plan of Alden White.

Excepting therefrom that portion of the premiscs abovgtdescribed conveyed to Roger - éz
Clermont, et ux, by deed dated June 25,1973 and rggorded in the Bristol County (Fall River i{
District) Registry of Deeds in Book 1076, Page 493, Scc also Corrective’Deed dated February

25, 1975, recorded in said Registry of Deeds in Book 1076, Page 494

Excepting therefrom that portion of the premises above-described conveyed to Edmond J.
Clermont, ex ux, by deed dated October 16, 1963, and recorded in the Bristol County (Fall Lﬁ;{
River District) Registry of Decds in Book 81 I, Page 4495,

Excepting therefrom that portion of the premises above-desribed conveyed to Armand R.

Clermont, et ux, by decd dated October 26, 1966 & rded in the Bristol County (Fall River L

District) Registry of Deeds in Book 891, Page 447, ©

Excepting therefrom that portion of the premises above deseribed conveyed (o Richard P.
Clermont, et ux, by deed dated June 25,1973, and rded in the Bristo)County (Fall River
District) Registry of Deeds in Book 1076, Page 493."See also correct‘i)t/:e:cd dated February
18, 1975, recorded in said Registry of Decds in Book 1111, Page 785,

Being the same premises conveyed to this grantor o al by deed of this grantor, dated November
21, 1996 and recorded in the Bristol County (Fall River District ) Registry of Deeds in Book
3176, Page 74.

NO TITLE EXAMINATION
Executed ss a sealed instrument this /é&‘«'»g day of Aroutapef ; 1998

) . 4
Lsvse. AN Srseee A
Claire D. Clermont

The Commonwesith of Massachusetts

Bristol s, fovimAL R 2 (ong

Then personally appeared the above named Claire D. Clermont and acknowledged the
foregoing instrument 1o be her free act and deed,

Before me‘,ﬂc'b&ﬂg f ﬂuw
Richard A. Bachand - Notary Public
‘My commission expires Nov. 12, 2004

ATTEST: BR. COUNTY, E.R.DIST, Borzard . MeDonald 4 Reglsier

3™
e




CERTIFIED ABUTTERS LIST & NOTIFICATION TO ABUTTERS




THE COMMONWEALTH OF MASSACHUSETTS
TOWN OF FREETOWN
PLANNING BOARD

NOTICE OF PUBLIC HEARING

As provided in the Massachusetts General Laws Chapter 40A and Freetown
Protective Bylaws Article XI Section 23 the Site Plan Review By-law, the Planning
Board, acting as the Site Plan Review Authority, will hold a public hearing on the
application of CVE North America, Inc. for a Site Plan Review for property located on
32 Middleboro Road, Freetown, MA 02717 as per the attached notice:

Pursuant to Governor Baker’s March 12, 2020 Order Suspending Certain Provisions of
the Open Meeting Law, G.L. c. 30A, §18, and the Governor’s March 15, 2020 Order
imposing strict limitation on the number of people that may gather in one place, these
public hearings will be conducted via remote participation to the greatest extent possible.
Members of the public attending this hearing virtually will be allowed to comment during
the portion of the hearing designated for public comment. Instructions for attending and
participating in the hearing can be found at: https://www.freetownma.gov/planning-
board/pages/planning-board-virtual-meeting-information

The Town of Freetown Planning Board will conduct a public hearing on Tuesday, April
6, 2020 at 6:00 pm to act on the application of CVE North America, Inc. The applicant
has submitted a site plan review application and plan entitled Site Development Plans
for Middleboro Road Solar Project and dated March 12, 2021 proposing a large scale
solar photovoltaic facility located on approximately 8.5 acres of land located on
Assessors Map 245, Parcels 30-01, 30-02, 30-03, 30-04, 30-05, 30-06, and 30-07.

A copy of the plan may be reviewed at the office of the Town Clerk and Planning
Board, Freetown Town Hall during normal business hours. All persons, parties or
corporations interested therein may appear and be heard in relation thereto.

Town of Freetown Planning Board

C. Nils McKay
Planning Technician



300 foot Abutters List Report

Parcel Number:
CAMA Number:

Property Address:

Parcel Number:
CAMA Number:

Property Address:

Parcel Number:
CAMA Number:

Property Address:

Parcel Number:
CAMA Number:

Property Address:

Parcel Number:
CAMA Number:

Property Address:

Parcel Number:
CAMA Number:

Property Address:

Parcel Number:
CAMA Number:

Property Address:

Parcel Number:
CAMA Number:

Property Address:

Parcel Number:
CAMA Number:

Property Address:

Parcel Number:
CAMA Number:

Property Address:

Parcel Number:
CAMA Number;

Property Address:

¥ Freetown, MA
# March 05, 2021

245-030.06
245-030.06
10 CLERMONT WAY

245-030.07
245-030.07
8 CLERMONT WAY

245-031
245-031
6 CLERMONT WAY

245-032
245-032
4 CLERMONT WAY

245-033
245-033
26 MIDDLEBORO RD

245-039
245-039
9 PINEWOOD CT

245-131
245-131
68 COUNTY RD

245-137
245-137
25 MIDDLEBORO RD

245-138
245-138
27 MIDDLEBORO RD

245-139
245-139
31 MIDDLEBORO RD

245-139.01
245-139.01
33 MIDDLEBORO RD

«%x@/’ T4 e Goe—

Data shown on this report is provided for planning and informational purposes only. The municipality and CAl Technologies

3/5/2021

are not responsible for any use for other purposes or misuse or misrepresentation of this report.

Mailing Address:

Mailing Address:

Mailing Address:

Mailing Address:

Mailing Address:

Mailing Address:

Mailing Address:

Mailing Address:

Mailing Address:

Mailing Address:

Mailing Address:

www.cai-tech.com

CLERMONT EDMOND J& RICHARD P &
CLERMONT ARMAND R & ROBERTE T
P OBOX 711

E FREETOWN, MA 02717

CLERMONT EDMOND J& RICHARD P &
CLERMONT ARMAND R & ROBERTET
P OBOX 711

E FREETOWN, MA 02717

CLERMONT RICHARD P & CAROL A
6 CLERMONT WAY
E FREETOWN, MA 02717

CLERMONT DAVID & HOPKINS
SHELLEY

4 CLERMONT WAY

E FREETOWN, MA 02717

VEIGA JOHN J
P O BOX 51
E FREETOWN, MA 02717

ITALIAN HOME FOR CHILDREN INC
1125 CENTRE STREET
JAMAICA PLAIN, MA 02130

OLIVEIRA BROS MATERIALS LLC
68 COUNTY RD
E FREETOWN, MA 02717

MELLO LINDA F
25 MIDDLEBORO ROAD
E FREETOWN, MA 02717

MELLO TIMOTHY M & ANGELA P TRS
MELLO FAMILY INVESTMENT TRUST
P O BOX 684

E FREETOWN, MA 02717

OLIVEIRA BROS MATERIALS LLC
33 MIDDLEBORO RD
E FREETOWN, MA 02717

OLIVEIRA BROS MATERIALS LLC
33 MIDDLEBORO RD
E FREETOWN, MA 02717

Page 2 of 2

Abutters List Report - Freetown, MA



8 300 foot Abutters List Report

¥ Freetown, MA
A March 05, 2021

3ubject Property
Parcel Number:  245-030 Mailing Address: CLERMONT EDMOND J& RICHARD P &
CAMA Number:  245-030 CLERMONT ARMAND R & ROBERTE T
Property Address: 32 MIDDLEBORO RD P OBOX 711
- EFREETOWN, MA 02717

Abutters:
Parcel Number: 243-058.01 Mailing Address: ASHLEY FRANK H JR
CAMA Number:  243-058.01 52 MIDDLEBORO RD
Property Address: 52 MIDDLEBORO RD E FREETOWN, MA 02717
Parcel Number: 243059 Mailing Address: AMBROSE MARK
CAMA Number:  243-059 44 MIDDLEBORO RD
Property Address: 44 MIDDLEBORO RD E FREETOWN, MA 02717
‘Parcel Number: 243060 Mailing Address: MELLO ZACHARY M & ASHLEY MAE
CAMA Number:  243-060 40 MIDDLEBORO RD
Property Address: 40 MIDDLEBORO RD E FREETOWN, MA 02717
Parcel Number: 243061 Mailing Address: SHEPARD JASONA
CAMA Number:  243-061 38 MIDDLEBORO RD
Property Address: 38 MIDDLEBORO RD E FREETOWN, MA 02717
Parcel Number:  243-062 Mailing Address: FREETOWN HOLDINGSLLC
CAMA Number:  243-062 37 MIDDLEBORO RD
Property Address: 37 MIDDLEBORO RD E FREETOWN, MA 02717
Parcel Number:  243-063 Mailing Address: FRAGA MARIA U & DASILVA CONNIE
CAMA Number:  243-063 39 MIDDLEBORO RD
Property Address: 39 MIDDLEBORO RD E FREETOWN, MA 02717
‘Parcel Number: 245027 Mailing Address: CLERMONT ARMANDR
CAMA Number:  245-027 P OBOX 711
Property Address: 36 MIDDLEBORO RD E FREETOWN, MA 02717
Parcel Number: 245028  Mailing Address: MONIZ DINARTE M & DEBORAHM
CAMA Number:  245-028 34 MIDDLEBORO RD
Property Address: 34 MIDDLEBORO RD E FREETOWN, MA 02717
Parcel Number:  245-029 Mailing Address: CLERMONT EDMOND J& RICHARD P &
CAMA Number:  245-029 CLERMONT ARMAND R & ROBERTE T
Property Address: 0 ROAD CLERMONT WAY P OBOX 711

............................................................. EFREETOWN, MA 02717 _
Parcel Number: 245-030.01 Mailing Address: CLERMONT EDMOND J& RICHARD P &
CAMA Number:  245-030.01 CLERMONT ARMAND R & ROBERTE T
Property Address: 7 CLERMONT WAY P OBOX 711

o T

www.cai-tech.com

'E FREETOWN, MA 02717

Data shown on this report is provided for planning and informational purposes only. The municipality and CAl Technologies

3/5/2021

are not responsible for any use for other purposes or misuse or misrepresentation of this report.

Page 1 0of 2

Abutters List Report - Freetown, MA



: w4 300 foot Abutters List Report

Parcel Number:
CAMA Number:

Property Address:

Parcel Number:
CAMA Number:

Property Address:

Parcel Number:
CAMA Number:

Property Address:

Parcel Number:
CAMA Number:

Property Address:

Parcel Number:
CAMA Number:

Property Address:

Parcel Number:
CAMA Number:

Property Address:

Parcel Number:
CAMA Number:

Property Address:

Parcel Number:
CAMA Number:

Property Address:

Pafcel Number:
CAMA Number:

Property Address:

Parcel Number:
CAMA Number:

Property Address:

i Freetown, MA

245-030.02
245-030.02
9 CLERMONT WAY

245-030.05
245-030.05
12 CLERMONT WAY

245-030.06
245-030.06
10 CLERMONT WAY

245-030.07
245-030.07
8 CLERMONT WAY

245-031
245-031
6 CLERMONT WAY

245-032
245-032
4 CLERMONT WAY

245-033
245-033
26 MIDDLEBORO RD

245-138
245-138
27 MIDDLEBORO RD

245-139
245-139
31 MIDDLEBORO RD

245-139.01
245-139.01
33 MIDDLEBORO RD

Mooy b e

Data shown on this report is provided for planning and informational purposes only. The municipality and CAl Technologies

3/5/2021

are not responsible for any use for other purposes or misuse or misrepresentation of this report.

Mailing Address:

Mailing Address:

Mailing Address:

Mailing Address:

Mailing Address:

Mailing Address:

Mailing Address:

Mailing Address:

Mailing Address:

Mailing Address:

@ Technoiogics

www.cai-tech.com

CLERMONT EDMOND J& RICHARD P &
CLERMONT ARMAND R & ROBERTE T
P O BOX 711

E FREETOWN, MA 02717

CLERMONT EDMOND J& RICHARD P &
CLERMONT ARMAND R & ROBERTE T
P O BOX 711

E FREETOWN, MA 02717

CLERMONT EDMOND J& RICHARD P &
CLERMONT ARMAND R & ROBERTE T
P OBOX 711

E FREETOWN, MA 02717

CLERMONT EDMOND J& RICHARD P &
CLERMONT ARMAND R & ROBERTET
P OBOX 711

E FREETOWN, MA 02717

CLERMONT RICHARD P & CAROL A
6 CLERMONT WAY
E FREETOWN, MA 02717

CLERMONT DAVID & HOPKINS
SHELLEY

4 CLERMONT WAY

E FREETOWN, MA 02717

VEIGA JOHN J
P O BOX 51
E FREETOWN, MA 02717

MELLO TIMOTHY M & ANGELA P TRS
MELLO FAMILY INVESTMENT TRUST
P O BOX 684

E FREETOWN, MA 02717

OLIVEIRA BROS MATERIALS LLC

33 MIDDLEBORO RD
E FREETOWN, MA 02717

OLIVEIRA BROS MATERIALS LLC
33 MIDDLEBORO RD
E FREETOWN, MA 02717

Abutters List Report - Freetown, MA

Page 2 of 2



s:10, W 300 foot Abutters List Report

Subject Property:

¥ Freetown, MA
A March 05, 2021

Parcel Number:  245-030.01 Mailing Address: CLERMONT EDMOND J& RICHARD P &
CAMA Number:  245-030.01 CLERMONT ARMAND R & ROBERTE T
Property Address: 7 CLERMONT WAY P OBOX 711
'E FREETOWN, MA 02717

Abutters:
Parcel Number:  243-058.01 Mailing Address: ASHLEY FRANK H JR
CAMA Number:  243-058.01 52 MIDDLEBORO RD
Property Address: 52 MIDDLEBORO RD E FREETOWN, MA 02717
Parcel Number: 243089 Mailing Address: AMBROSEMARK
CAMA Number:  243-059 44 MIDDLEBORO RD
Property Address: 44 MIDDLEBORO RD E FREETOWN, MA 02717
Parcel Number:  243-060 Mailing Address: MELLO ZACHARY M & ASHLEY MAE
CAMA Number:  243-060 40 MIDDLEBORO RD
Property Address: 40 MIDDLEBORO RD E FREETOWN, MA 02717
Parcel Number:  243-061 Mailing Address: SHEPARD JASONA
CAMA Number:  243-061 38 MIDDLEBORO RD
Property Address: 38 MIDDLEBORO RD E FREETOWN, MA 02717
Parcel Number: ~ 245-026 " Mailing Address: ASHLEY JOHN S & ELIZABETHD
CAMA Number:  245-026 68 KEENE RD
Property Address: 26 KEENE RD EAST FREETOWN, MA 02717
Parcel Number:  245-027 Mailing Address: CLERMONT ARMANDR
CAMA Number:  245-027 P OBOX 711
Property Address: 36 MIDDLEBORO RD E FREETOWN, MA 02717
Parcel Number:  245-029 Mailing Address: CLERMONT EDMOND J& RICHARD P &
CAMA Number:  245-029 CLERMONT ARMAND R & ROBERTE T
Property Address: 0 ROAD CLERMONT WAY P OBOX 711

........................................................ EFREETOWN,MAO2I17
Parcel Number:  245-030 Mailing Address: CLERMONT EDMOND J& RICHARD P &
CAMA Number:  245-030 CLERMONT ARMAND R & ROBERTE T
Property Address: 32 MIDDLEBORO RD P OBOX 711
.................................................................... EFREETOWN,MAO2717
Parcel Number: 245-030.02 Mailing Address: CLERMONT EDMOND J& RICHARD P &
CAMA Number:  245-030.02 CLERMONT ARMAND R & ROBERTE T
Property Address: 9 CLERMONT WAY POBOX 711
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, EFREETOWN.MAQ2I17
Parcel Number:  245-030.03 Mailing Address: CLERMONT EDMOND J& RICHARD P &
CAMA Number:  245-030.03 CLERMONT ARMAND R & ROBERTE T
Property Address: 11 CLERMONT WAY P OBOX 711

Koy rocnosiogics
www.cai-tech.com

_ EFREETOWN, MA 02717

Data shown on this report is provided for planning and informational purposes only. The municipality and CAl Technologies

3/5/2021

are not responsible for any use for other purposes or misuse or misrepresentation of this report.

Page 1 of 2

Abutters List Report - Freetown, MA



300 foot Abutters List Report

Parcel Number:
CAMA Number:

Property Address:

Parcel Number:
CAMA Number:

Property Address:

Parcel Number:
CAMA Number:

Property Address:

Parcel Number:
CAMA Number:

Property Address:

Parcel Number:
CAMA Number:

Property Address:

Y Freetown, MA
4 March 05, 2021

245-030.05
245-030.05
12 CLERMONT WAY

245-030.06
245-030.06
10 CLERMONT WAY

245-030.07
245-030.07
8 CLERMONT WAY

245-031
245-031
6 CLERMONT WAY

245-032
245-032
4 CLERMONT WAY

%/Af;/ﬂf,&/‘: KZ/Q_,_

Data shown on this report is provided for planning and informational purposes only. The municipality and CAl Technologies

3/5/2021

Mailing Address:

'Mailing Address:

Mailing Address:

”M'ailing Address:

Mailing Address:

@"te“ e

www.cai-tech.com

CLERMONT EDMOND J& RICHARD P &
CLERMONT ARMAND R & ROBERTE T

P O BOX 711

E FREETOWN, MA 02717

CLERMONT EDMOND J& RICHARD P &
CLERMONT ARMAND R & ROBERTE T

P OBOX 711

E FREETOWN, MA 02717

CLERMONT EDMOND J& RICHARD P &
CLERMONT ARMAND R & ROBERTE T

P O BOX 711

E FREETOWN, MA 02717

CLERMONT RICHARD P & CAROL A

6 CLERMONT WAY

E FREETOWN, MA 02717

CLERMONT DAVID & HOPKINS

SHELLEY
4 CLERMONT WAY

E FREETOWN, MA 02717

are not responsible for any use for other purposes or misuse or misrepresentation of this report.

Abutters List Report - Freetown, MA

Page 2 of 2



Subject Property

Parcel Number:  245-030.02 Mailing Address: CLERMONT EDMOND J& RICHARD P &
CAMA Number:  245-030.02 CLERMONT ARMAND R & ROBERTE T
Property Address: 9 CLERMONT WAY P OBOX 711
EFREETOWN,MAO2717
Abutters:
Parcel Number:  243-058.01 Mailing Address: ASHLEY FRANK H JR
CAMA Number:  243-058.01 52 MIDDLEBORO RD
Property Address: 52 MIDDLEBORO RD E FREETOWN, MA 02717
Parcel Number: 24305 Mailing Address: AMBROSE MARK
CAMA Number:  243-059 44 MIDDLEBORO RD
Property Address: 44 MIDDLEBORO RD E FREETOWN, MA 02717
Parcel Number: 245026 Mailing Address: ASHLEY JOHN S & ELIZABETHD
CAMA Number:  245-026 68 KEENE RD
Property Address: 26 KEENE RD EAST FREETOWN, MA 02717
Parcel Number:  245-029 Mailing Address: CLERMONT EDMOND J& RICHARD P &
CAMA Number:  245-029 CLERMONT ARMAND R & ROBERTE T
Property Address: 0 ROAD CLERMONT WAY P OBOX 711
e L T T T BRIV . . “n e omoa . - B e m e e e e e e - E FREETOWN MA 02717 -
Parcel Number:  245-030 Mailing Address: CLERMONT EDMOND J& RICHARD P &
CAMA Number:  245-030 CLERMONT ARMAND R & ROBERTE T
Property Address: 32 MIDDLEBORO RD P OBOX 711
____________________________________________________________ EFREETOWN,MA G277
Parcel Number:  245-030.01 Mailing Address: CLERMONT EDMOND J& RICHARD P &
CAMA Number:  245-030.01 CLERMONT ARMAND R & ROBERTE T
Property Address: 7 CLERMONT WAY POBOX 711
__________________________ E _FREE‘_I'OWN MA 02717
Parcel Number:  245-030.03 Mailing Address: CLERMONT EDMOND J& RICHARD P &
CAMA Number:  245-030.03 CLERMONT ARMAND R & ROBERTE T
Property Address: 11 CLERMONT WAY P OBOX 711
....................................................... EFREETOWN,MAO2747
Parcel Number: 245-030.04 Mailing Address: CLERMONT EDMOND J& RICHARD P &
CAMA Number:  245-030.04 CLERMONT ARMAND R & ROBERTE T
Property Address: 14 CLERMONT WAY P OBOX 711
..................................................................... EFREETOWN,MAQ2717
Parcel Number:  245-030.05 Mailing Address: CLERMONT EDMOND J& RICHARD P &
CAMA Number:  245-030.05 CLERMONT ARMAND R & ROBERTE T
Property Address: 12 CLERMONT WAY P OBOX 711
................................................................ EFREETOWN.MAO2717
Parcel Number:  245-030.06 Mailing Address: CLERMONT EDMOND J& RICHARD P &
CAMA Number:  245-030.06 CLERMONT ARMAND R & ROBERTE T
Property Address: 10 CLERMONT WAY P OBOX 711

www.cai-tech.com

- EFREETOWN,mMAO2717

Data shown on this report is provided for planning and informational purposes only. The municipality and CAl Technologies

3/5/2021

are not responsible for any use for other purposes or misuse or misrepresentation of this report.

Abutters List Report - Freetown, MA

Page 1 of 2



300 foot Abutters List Report

Y Freetown, MA
/ March 05, 2021

Parcel Number: 245-030.07 Mailing Address: CLERMONT EDMOND J& RICHARD P &

CAMA Number: 245-030.07 CLERMONT ARMAND R & ROBERTET
Property Address: 8 CLERMONT WAY P OBOX 711

E FREETOWN, MA 02717
Parcel Number: 245-031 Mailing Address: CLERMONT RICHARD P & CAROL A
CAMA Number: 245-031 6 CLERMONT WAY
Property Address: 6 CLERMONT WAY E FREETOWN, MA 02717

www.cai-tech.com
Data shown on this report is provided for planning and informational purposes only. The municipality and CAl Technologies
3/5/2021 are not responsible for any use for other purposes or misuse or misrepresentation of this report. Page 2 of 2

Abutters List Report - Freetown, MA



10,8 300 foot Abutters List Report

\F reetown, MA

N/* 4 March 05, 2021

Subject Property:

Parcel Number: 245-030.03 Mailing Address: CLERMONT EDMOND J& RICHARD P &
CAMA Number:  245-030.03 CLERMONT ARMAND R & ROBERTE T
Property Address: 11 CLERMONT WAY P OBOX 711
'EFREETOWN, MA 02717
Abutters:
Parcel Number: 243-058.01 Mailing Address: ASHLEY FRANK H JR
CAMA Number:  243-058.01 52 MIDDLEBORO RD
Property Address: 52 MIDDLEBORO RD E FREETOWN, MA 02717
‘Parcel Number:  245-025 Mailing Address: PERRY JASONM
CAMA Number:  245-025 28 KEENE RD
Property Address: 28 KEENE RD E FREETOWN, MA 02717
Parcel Number:  245-026 Mailing Address: ASHLEY JOHN S & ELIZABETHD
CAMA Number:  245-026 68 KEENE RD
Property Address: 26 KEENE RD EAST FREETOWN, MA 02717
Parcel Number: 245029 Mailing Address: CLERMONT EDMOND J& RICHARD P &
CAMA Number:  245-029 CLERMONT ARMAND R & ROBERTE T
Property Address: 0 ROAD CLERMONT WAY POBOX 711
o ..  EFREETOWN.MAO2717
Parcel Number: 245-030.01 Mailing Address: CLERMONT EDMOND J& RICHARD P &
CAMA Number:  245-030.01 CLERMONT ARMAND R& ROBERTE T
Property Address: 7 CLERMONT WAY POBOX711
................................................................. EFREETOWN,MAQ2717
Parcel Number: 245-030.02 Mailing Address: CLERMONT EDMOND J& RICHARD P &
CAMA Number:  245-030.02 CLERMONT ARMAND R & ROBERTE T
Property Address: 9 CLERMONT WAY P OBOX 711
T £ FREETOWN, MAO2717
Parcel Number: 245-030.04 Mailing Address: CLERMONT EDMOND J& RICHARD P &
CAMA Number:  245-030.04 CLERMONT ARMAND R & ROBERTE T
Property Address: 14 CLERMONT WAY P OBOX 711
_______________________________ ... FEFREETOWN.MAOZT7
Parcel Number: 245-030.05 Mailing Address: CLERMONT EDMOND J& RICHARD P &
CAMA Number:  245-030.05 CLERMONT ARMAND R& ROBERTE T
Property Address: 12 CLERMONT WAY P OBOX 711
...................................................................... EFREETOWN,MAO2717
Parcel Number: 245-030.06 Mailing Address: CLERMONT EDMOND J& RICHARD P &
CAMA Number:  245-030.06 CLERMONT ARMAND R& ROBERTE T
Property Address: 10 CLERMONT WAY P OBOX 711
.............................................................. EFREETOWN,MAG2717
Parcel Number: 245-030.07 Mailing Address: CLERMONT EDMOND J& RICHARD P &
CAMA Number:  245-030.07 CLERMONT ARMAND R & ROBERTE T
Property Address: 8 CLERMONT WAY POBOX 711
| EFREETOWN,MAG2717
28 recanooniia
www.cai-tech.com
Data shown on this report is provided for planning and informational purposes only. The municipality and CAl Technologies
3/5/2021 are not responsible for any use for other purposes or misuse or misrepresentation of this report.

Page 1 of 2

Abutters List Report - Freetown, MA



P it

300 foot Abutters List Report

W

il Freetown, MA
‘.‘:;,f March 05, 2021

Parcel Number: 245-039 Mailing Address: ITALIAN HOME FOR CHILDREN INC

CAMA Number: 245-039 1125 CENTRE STREET
Property Address: 9 PINEWOOD CT JAMAICA PLAIN, MA 02130

www.cai-tech.com
Data shown on this report is provided for planning and informational purposes only. The municipality and CAl Technologies
3/5/2021 are not responsible for any use for other purposes or misuse or misrepresentation of this report. Page 2 of 2

Abutters List Report - Freetown, MA



4300 foot Abutters List Report

Subject Property:

¥ Freetown, MA
" | March 05, 2021

Parcel Number:  245-030.04 Mailing Address: CLERMONT EDMOND J& RICHARD P &
CAMA Number:  245-030.04 CLERMONT ARMAND R & ROBERTE T
Property Address: 14 CLERMONT WAY P OBOX 711
 EFREETOWN, MA 02717

Abutters:
Parcel Number: 245-024 Mailing Address: KEENE PROPERTIES, LLC
CAMA Number:  245-024 8 PARK PLACE
Property Address: 32 KEENE RD MATTAPOISETT, MA 02739
Parcel Number: 245025 Mailing Address: PERRY JASONM
CAMA Number:  245-025 28 KEENE RD
Property Address: 28 KEENE RD E FREETOWN, MA 02717
Parcel Number:  245-026 Mailing Address: ASHLEY JOHN S & ELIZABETHD
CAMA Number:  245-026 68 KEENE RD
Property Address: 26 KEENE RD EAST FREETOWN, MA 02717
Parcel Number:  245-029 Mailing Address: CLERMONT EDMOND J& RICHARD P &
CAMA Number:  245-029 CLERMONT ARMAND R & ROBERTE T
Property Address: 0 ROAD CLERMONT WAY P OBOX 711

S . F— - = R . . .- Pa— PR .- v e e e - - - - P “ e e e = e o <4E FREETOWN MA 02717 [
Parcel Number:  245-030.02 Mailing Address: CLERMONT EDMOND J& RICHARD [ &
CAMA Number:  245-030.02 CLERMONT ARMAND R & ROBERTE T
Property Address: 9 CLERMONT WAY P OBOX 711
_______________________________________________________ EFREETOWN,MAO2717
Parcel Number:  245-030.03 Mailing Address: CLERMONT EDMOND J& RICHARD P &
CAMA Number:  245-030.03 CLERMONT ARMAND R& ROBERTE T
Property Address: 11 CLERMONT WAY P OBOX 711

............ EFREETOWN,MAO2717
Parcel Number: 245-030.05 Mailing Address: CLERMONT EDMOND J& RICHARD P &
CAMA Number:  245-030.05 CLERMONT ARMAND R & ROBERTE T
Property Address: 12 CLERMONT WAY P OBOX 711
.................. A e w e e s e s e b e e e oo e e m e - - r,E FREETOWN MA 0271 7 w -
Parcel Number: 245-030.06 Mailing Address: CLERMONT EDMOND J& RICHARD P&
CAMA Number:  245-030.06 CLERMONT ARMAND R & ROBERTE T
Property Address: 10 CLERMONT WAY P OBOX 711
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, EFREETOWN,MAG2717
Parcel Number: 245-038 Mailing Address: REINA JAVIER A & MARIA F
CAMA Number: 245-038 7 PINEWOOD CT
Property Address: 7 PINEWOOD CT E FREETOWN, MA 02717
Parcel Number:  245-039 Mailing Address: ITALIAN HOME FOR CHILDREN INC
CAMA Number:  245-039 1125 CENTRE STREET
Property Address: 9 PINEWOOD CT JAMAICA PLAIN, MA 02130
www.cai-tech.com
Data shown on this report is provided for planning and informational purposes only. The municipality and CAl Technologies

3/5/2021 are not responsible for any use for other purposes or misuse or misrepresentation of this report. Page 1 of 2

Abutters List Report - Freetown, MA



: \ 300 foot Abutters List Report

Wl Freetown, MA
_:-f' March 05, 2021

Parcel Number: 245-040 Mailing Address: LAWRENCE DONALD R & LYNN S

CAMA Number:  245-040 LAWRENCE FAMILY NOMINEE TRUST
Property Address: 10 -12 PINEWOOD CT 10--12 PINEWOOD CT

E FREETOWN, MA 02717

. (8 Tecnooiog s
g - Al ey
W Py ///CW www.cai-tech.com
Data shown on this report is provided for planning and informational purposes only. The municipality and CAl Technologies

3/5/2021 are not responsible for any use for other purposes or misuse or misrepresentation of this report. Page 2 of 2

Abutters List Report - Freetown, MA



%94 300 foot Abutters List Report

Subject Property:

U Freetown, MA
; March 05, 2021

Parcel Number:  245-030.05 Mailing Address: CLERMONT EDMOND J& RICHARD P &
CAMA Number:  245-030.05 CLERMONT ARMAND R & ROBERTE T
Property Address: 12 CLERMONT WAY P O BOX 711

EFREETOWN,MAO2717
Abutters:
Parcel Number:  245-024 Mailing Address: KEENE PROPERTIES, LLC
CAMA Number:  245-024 8 PARK PLACE
Property Address: 32 KEENE RD MATTAPOISETT, MA 02739
‘Parcel Number:  245-025 Mailing Address: PERRY JASONM
CAMA Number:  245-025 28 KEENE RD
Property Address: 28 KEENE RD E FREETOWN, MA 02717
‘Parcel Number: 245026 Mailing Address: ASHLEY JOHN S & ELIZABETHD
CAMA Number:  245-026 68 KEENE RD
Property Address: 26 KEENE RD EAST FREETOWN, MA 02717
Parcel Number: 245029 Mailing Address: CLERMONT EDMOND J& RICHARD P &
CAMA Number:  245-029 CLERMONT ARMAND R & ROBERTE T
Property Address: 0 ROAD CLERMONT WAY POBOX711
- - - - - -2 = 2 == A e e e w e . . PR E - - e e e e e e - EFREETOWN MA02717
Parcel Number:  245-030 Mailing Address: CLERMONT EDMOND J& RICHARD P &
CAMA Number:  245-030 CLERMONT ARMAND R & ROBERTE T
Property Address: 32 MIDDLEBORO RD P OBOX 711
.................................................................... EFREETOWN, MAO2717 ...
Parcel Number: 245-030.01 Mailing Address: CLERMONT EDMOND J& RICHARD P &
CAMA Number:  245-030.01 CLERMONT ARMAND R & ROBERTE T
Property Address: 7 CLERMONT WAY POBOX711

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, EFREETOWN, MAO2717 =
Parcel Number: 245-030.02 Mailing Address: CLERMONT EDMOND J& RICHARD P &
CAMA Number:  245-030.02 CLERMONT ARMAND R & ROBERTE T
Property Address: 9 CLERMONT WAY P OBOX 711
T - EFREETOWN,MA 02717
Parcel Number: 245-030.03 Mallmg Address: CLERMONT EDMOND J& RICHARD P&
CAMA Number:  245-030.03 CLERMONT ARMAND R & ROBERTE T
Property Address: 11 CLERMONT WAY P OBOX 711
.................................................................... EFREETOWN,MAO2717 ... ..
Parcel Number: 245-030.04 Mailing Address: CLERMONT EDMOND J& RICHARD P &
CAMA Number:  245-030.04 CLERMONT ARMAND R & ROBERTE T
Property Address: 14 CLERMONT WAY P OBOX 711
................................................................ EFREETOWN,MAO2717 .
Parcel Number: 245-030.06 Mailing Address: CLERMONT EDMOND J& RICHARD P &
CAMA Number:  245-030.06 CLERMONT ARMAND R & ROBERTE T
Property Address: 10 CLERMONT WAY P OBOX 711
 EFREETOWN,MA 02717
WWW, cal-tech com
Data shown on this report is provided for planning and informational purposes only. The municipality and CAl Technologies

3/5/2021 are not responsible for any use for other purposes or misuse or misrepresentation of this report. Page 1 of 2

Abutters List Report - Freetown, MA



Parcel Number:
CAMA Number:
Property Address:

Parcel Number:
CAMA Number:

Property Address:

Parcel Number:
CAMA Number:

Property Address:

Parcel Number:
CAMA Number:

Property Address:

Parcel Nu'mber:
CAMA Number:

Property Address:

Parcel Number:
CAMA Number:

Property Address:

245-030.07
245-030.07

8 CLERMONT WAY

245-031
245-031

6 CLERMONT WAY

245-037
245-037
5 PINEWOOD CT

245-038
245-038
7 PINEWOOD CT

245039

245-039
9 PINEWOOD CT

245-040
245-040

Mailing Address:

Mailing Address:

Mailing Address:

Mailing Address:

Mailing Address:

Mailing Address:

10 -12 PINEWOOD CT

/4/{/%/9 Folfel Cue

Data shown on this report is provided for planning and informational purposes only. The municipality and CAl Technologies

3/5/2021

are not responsible for any use for other purposes or misuse or misrepresentation of this report.

...

www.cai-tech.com

CLERMONT EDMOND J& RICHARD P &
CLERMONT ARMAND R & ROBERTE T
P O BOX 711

E FREETOWN, MA 02717

CLERMONT RICHARD P & CAROL A
6 CLERMONT WAY
E FREETOWN, MA 02717

WENDLING MICHAEL S & LINDA
5 PINEWOOD COURT
E FREETOWN, MA 02717

REINA JAVIER A & MARIA F
7 PINEWOOD CT
E FREETOWN, MA 02717

ITALIAN HOME FOR CHILDREN INC
1125 CENTRE STREET
JAMAICA PLAIN, MA 02130

LAWRENCE DONALD R & LYNN S
LAWRENCE FAMILY NOMINEE TRUST
10--12 PINEWOOD CT

E FREETOWN, MA 02717

Abutters List Report - Freetown, MA

Page 2 of 2



10,8 300 foot Abutters List Report

Subject Property:

¥ Freetown, MA
; March 05, 2021

Parcel Number:  245-030.06 Mailing Address: CLERMONT EDMOND J& RICHARD P &
CAMA Number:  245-030.06 CLERMONT ARMAND R & ROBERTE T
Property Address: 10 CLERMONT WAY P OBOX 711
E FREETOWN, MA 02717
Abutters:
Parcel Number:  245-029 Mailing Address: CLERMONT EDMOND J& RICHARD P &
CAMA Number:  245-029 CLERMONT ARMAND R & ROBERTE T
Property Address: 0 ROAD CLERMONT WAY P OBOX 711
........................................................................ EFREETOWN,MAO2717
Parcel Number:  245-030 Mailing Address: CLERMONT EDMOND J& RICHARD P &
CAMA Number:  245-030 CLERMONT ARMAND R & ROBERTE T
Property Address: 32 MIDDLEBORO RD POBOX711
S EFREETOWN,MA02717
Parcel Number: 245-030.01 Mailing Address: CLERMONT EDMOND J& RICHARD P &
CAMA Number:  245-030.01 CLERMONT ARMAND R & ROBERTE T
Property Address: 7 CLERMONT WAY P OBOX 711
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, EFREETOWN,MAO2717
Parcel Number:  245-030.02 Mailing Address: CLERMONT EDMOND J& RICHARD P &
CAMA Number:  245-030.02 CLERMONT ARMAND R & ROBERTE T
Property Address: 9 CLERMONT WAY P OBOX 711
S ) - EFREETOWN, MA 02717
Parcel Number: 245-030.03 Mailing Address: CLERMONT EDMOND J& RICHARD P &
CAMA Number:  245-030.03 CLERMONT ARMAND R & ROBERTE T
Property Address: 11 CLERMONT WAY P OBOX 711
..................................................... EFREETOWN,MAO2717
Parcel Number: 245-030.04 Malllng Address: CLERMONT EDMOND J& RICHARD P &
CAMA Number:  245-030.04 CLERMONT ARMAND R & ROBERTE T
Property Address: 14 CLERMONT WAY POBOX 711
__________________ ... . EFREETOWN.MAO2717
Parcel Number:  245-030.05 Mailing Address: CLERMONT EDMOND J& RICHARD P &
CAMA Number:  245-030.05 CLERMONT ARMAND R & ROBERTE T
Property Address: 12 CLERMONT WAY P OBOX 711
. ke m w m e A e e m maaa w e e e e m oA PR P R .,E FREETOWN MA 02717 -
Parcel Number:  245-030.07 Mailing Address: CLERMONT EDMOND J& RICHARD P &
CAMA Number:  245-030.07 CLERMONT ARMAND R & ROBERTE T
Property Address: 8 CLERMONT WAY P OBOX 711
.................................................................... EFREETOWN,MAO2717 |
Parcel Number: 245-031 Mailing Address: CLERMONT RICHARD P & CAROL A
CAMA Number:  245-031 6 CLERMONT WAY
Property Address: 6 CLERMONT WAY E FREETOWN, MA 02717
Parcel Number:  245-032 Mailing Address: CLERMONT DAVID & HOPKINS
CAMA Number:  245-032 SHELLEY
Property Address: 4 CLERMONT WAY 4 CLERMONT WAY

www.cai-tech.com

_ EFREETOWN, MA 02717

Data shown on this report is provided for planning and informattonal purposes only. The municipality and CAl Technologies

3/6/2021

are not responsible for any use for other purposes or misuse or misrepresentation of this report.

Abutters List Report - Freetown, MA

Page 1 of 2



g 300 foot Abutters List Report

R Ta  CL

Parcel Number:
CAMA Number:

Property Address:

Parcel Number:
CAMA Number:

Property Address:

Parcel Number:
CAMA Number:

Property Address:

Parcel Number:
CAMA Number:

Property Address:

i Freetown, MA

245-037
245-037
5 PINEWOOD CT

245-038
245-038
7 PINEWOOD CT

245-039
245-039
9 PINEWOOD CT

245-040
245-040

Mailing Address:

Mailing Address:

Mailing Address:

Mailing Address:

10 -12 PINEWOOD CT

%/%/ Pl eiles

Data shown on this report is provided for planning and informational purposes only. The municipality and CAl Technologies

3/5/2021

are not responsible for any use for other purposes or misuse or misrepresentation of this report.

www.cai-tech.com

WENDLING MICHAEL S & LINDA
5 PINEWOOD COURT
E FREETOWN, MA 02717

REINA JAVIER A & MARIA F
7 PINEWOOD CT
E FREETOWN, MA 02717

ITALIAN HOME FOR CHILDREN INC
1125 CENTRE STREET
JAMAICA PLAIN, MA 02130

LAWRENCE DONALD R & LYNN S
LAWRENCE FAMILY NOMINEE TRUST
10--12 PINEWOOD CT

E FREETOWN, MA 02717

Abutters List Report - Freetown, MA

Page 2 of 2



300 foot Abutters List Report

\%. ¥ Freetown, MA

D ’,’;-" March 05, 2021

Subject Property

Parcel Number:

245-030.07

Mailing Address:

CLERMONT EDMOND J& RICHARD P &

CAMA Number:  245-030.07 CLERMONT ARMAND R& ROBERTET
Property Address: 8 CLERMONT WAY P OBOX 711
- EFREETOWN,MAO2717
Abutters:
Parcel Number: 245-028 Mailing Address: MONIZ DINARTE M & DEBORAH M
CAMA Number:  245-028 34 MIDDLEBORO RD
Property Address: 34 MIDDLEBORO RD E FREETOWN, MA 02717
Parcel Number:  245-029 Mailing Address: CLERMONT EDMOND J& RICHARD P &
CAMA Number:  245-029 CLERMONT ARMAND R & ROBERTE T
Property Address: 0 ROAD CLERMONT WAY P OBOX 711
..................................................................... EFREETOWN,MA02717 .
Parcel Number: 245-030 Mailing Address: CLERMONT EDMOND J& RICHARD P &
CAMA Number:  245-030 CLERMONT ARMAND R & ROBERTE T
Property Address: 32 MIDDLEBORO RD P OBOX 711
e E FREETOWN, MA 02717
Parcel Number: 245-030.01 Mailing Address: CLERMONT EDMOND J& RICHARD P &
CAMA Number:  245-030.01 CLERMONT ARMAND R& ROBERTE T
Property Address: 7 CLERMONT WAY P OBOX 711
- e e e e e e | e = - e e e es P v mme mo. s . EFREETOWN MA02717 P
Parcel Number: 245-030.02 Mailing Address: CLERMONT EDMOND J& RlCHARD P&
CAMA Number:  245-030.02 CLERMONT ARMAND R & ROBERTE T
Property Address: 9 CLERMONT WAY P OBOX 711
O EFREETOWN,MAO2717 ..
Parcel Number: 245-030.03 Mailing Address: CLERMONT EDMOND J& RICHARD P &
CAMA Number:  245-030.03 CLERMONT ARMAND R & ROBERTE T
Property Address: 11 CLERMONT WAY P OBOX 711
e E FREETOWN, MA 02717 A
Parcel Number:  245-030.05 Mailing Address: CLERMONT EDMOND J& RICHARD P &
CAMA Number:  245-030.05 CLERMONT ARMAND R & ROBERTE T
Property Address: 12 CLERMONT WAY P OBOX 711
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, EFREETOWN,MAO2717 .
Parcel Number:  245-030.06 Malllng Address: CLERMONT EDMOND J& RICHARD P &
CAMA Number:  245-030.06 CLERMONT ARMAND R & ROBERTE T
Property Address: 10 CLERMONT WAY P OBOX 711
....................................................................... EFREETOWN,MAQ2717 ...
Parcel Number:  245-031 Mailing Address: CLERMONT RICHARD P & CAROL A
CAMA Number:  245-031 6 CLERMONT WAY
Property Address: 6 CLERMONT WAY E FREETOWN, MA 02717
Parcel Number: 245032 Mailing Address: CLERMONT DAVID & HOPKINS
CAMA Number:  245-032 SHELLEY
Property Address: 4 CLERMONT WAY 4 CLERMONT WAY
. [EFREETOWN, MA 02717
.I".c:i"ﬁ.’?.ﬂm
www.cai-tech.com
Data shown on this report is provided for planning and informational purposes only. The municipality and CAl Technologies
3/5/2021 are not responsible for any use for other purposes or misuse or misrepresentation of this report. Page 1 0of 2

Abutters List Report - Freetown, MA



\ 300 foot Abutters List Report
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Parcel Number:
CAMA Number:
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Parcel Number:
CAMA Number:

Property Address:

Parcel Number:
CAMA Number:

Property Address:

Paréel Number:
CAMA Number:

Property Address:

Parcel Number:
CAMA Number:

Property Address:

Parcel Number:
CAMA Number:

Property Address:

Parcel Number:
CAMA Number:

Property Address:
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W Freetown, MA
4 March 05, 2021

245-033
245-033
26 MIDDLEBORO RD

245-034
245-034
24 MIDDLEBORO RD

245-035
245-035
22 MIDDLEBORO RD

245-036
245-036
20 MIDDLEBORO RD

245-037
245-037
5 PINEWOOD CT

245-038
245-038
7 PINEWOOD CT

245-039
245-039
9 PINEWOOD CT

245-041
245-041
6 -8 PINEWOOD CT

245-042
245-042
4 PINEWOOD CT

Mailing Address:

Mailing Address:

Mailing Address:

Mailing Address:

Mailing Address:

Mailing Address:

Mailing Address:

Mailing Address:

Mailing Address:

B8

www.cai-tech.com

VEIGA JOHN J
P O BOX 51
E FREETOWN, MA 02717

PACHECO CHRISTOPHER H
24 MIDDLEBORO ROAD
E FREETOWN, MA 02717

HARRIS DOUGLAS
22 MIDDLEBORO RD
E FREETOWN, MA 02717-1725

THOMAS DONALD N JR & DIANA L
20 MIDDLEBORO RD
E FREETOWN, MA 02717

WENDLING MICHAEL S & LINDA
5 PINEWOOD COURT
E FREETOWN, MA 02717

REINA JAVIER A & MARIA F
7 PINEWOOD CT
E FREETOWN, MA 02717

ITALIAN HOME FOR CHILDREN INC
1125 CENTRE STREET
JAMAICA PLAIN, MA 02130

GAOETTE ROBERT M
6-8 PINEWOOD CT
E FREETOWN, MA 02717

OLIVEIRA JAMES & DONNA
4 PINEWOOD COURT
E FREETOWN, MA 02717

—
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%/ et T A fe (Do
Data shown on this report is provided for planning and informational purposes only. The municipality and CAl Technologies

3/5/2021

are not responsible for any use for other purposes or misuse or misrepresentation of this report.
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ZONING DETERMINATION LETTER




TOWN OF FREETOWN

OFFICE OF THE

BUILDING COMMISSIONER

3 North Main Street

P.O. Box 438 - Assonet, Massachusetts 02702
Tel. (508) 644-2202
Fax (508) 644-2183

)
9 A
PoraTED

March 2, 2021
Asa Smith, Atlantic Design Engineers, Inc.
PO Box 1051
Sandwich, Ma 02563

Re: Zoning Determination

Dear Asa,

This office has received an application for a Zoning Determination to construct a large ground
mounted solar at 32 Middleboro Road Parcel 245-030. The Application lists 245-030 & 254-030.01 as
the potential site. Lot 245-030 is recognized as a single lot and 254-030-01 is not a recognized lot. The
determination for the application does allow for the ground solar to be constructed on lot 245-030 as
recognized but will need a special permit for the site plan review by the Planning Board. With the new
information brought in front of me my ruling has changed to an approval.

You have the right to appeal my decision to appeal to the Zoning Board of Appeals. The forms
can be obtained from the Town Clerks office during normal business hours. Which you would have 30
days to appeal.

Very Truly Yours,

Fel rey Chandler =

Building Commissioner, Zoning Enforcement Officer

Cc: Office file, Town Clerk, Zoning Board of Appeals.
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CERTIFICATE OF INSURANCE




R
v

CERTIFICATE OF LIABILITY INSURANCE

CVENORT-01

JHOGAN

DATE (MM/DD/YYYY)
11/20/2020

THIS CERTIFICATE IS ISSUED AS A MATTER OF INFORMATION ONLY AND CONFERS NO RIGHTS UPON THE CERTIFICATE HOLDER. THIS
CERTIFICATE DOES NOT AFFIRMATIVELY OR NEGATIVELY AMEND, EXTEND OR ALTER THE COVERAGE AFFORDED BY THE POLICIES
BELOW. THIS CERTIFICATE OF INSURANCE DOES NOT CONSTITUTE A CONTRACT BETWEEN THE ISSUING INSURER(S), AUTHORIZED

REPRESENTATIVE OR PRODUCER, AND THE CERTIFICATE HOLDER.

IMPORTANT:

If the certificate holder is an ADDITIONAL INSURED, the policy(ies) must have ADDITIONAL INSURED provisions or be endorsed.

If SUBROGATION IS WAIVED, subject to the terms and conditions of the policy, certain policies may require an endorsement. A statement on
this certificate does not confer rights to the certificate holder in lieu of such endorsement(s).

PRODUCER
Roblin Insurance, a division of EPIC
144 Gould Street Suite 100
Needham, MA 02494

CONTACT
NAME:

Ao, Exty: (781) 455-0700 | 7% noy(781) 449-8976

Bk oo certificates@roblininsurance.com

INSURER(S) AFFORDING COVERAGE NAIC #
insurer A : AXIS Specialty Europe SE- London Branch
INSURED insurer B : LIoyd's of London 15792
CVE North America, Inc. INSURER C :
109W 27th St., 8th Floor INSURER D :
New York, NY 10011
INSURER E :
INSURER F :
COVERAGES CERTIFICATE NUMBER: REVISION NUMBER:

THIS IS TO CERTIFY THAT THE POLICIES OF INSURANCE LISTED BELOW HAVE BEEN ISSUED TO THE INSURED NAMED ABOVE FOR THE POLICY PERIOD
INDICATED. NOTWITHSTANDING ANY REQUIREMENT, TERM OR CONDITION OF ANY CONTRACT OR OTHER DOCUMENT WITH RESPECT TO WHICH THIS
CERTIFICATE MAY BE ISSUED OR MAY PERTAIN, THE INSURANCE AFFORDED BY THE POLICIES DESCRIBED HEREIN IS SUBJECT TO ALL THE TERMS,
EXCLUSIONS AND CONDITIONS OF SUCH POLICIES. LIMITS SHOWN MAY HAVE BEEN REDUCED BY PAID CLAIMS.

iy TYPE OF INSURANCE NS Wb POLICY NUMBER (MBI YY) | (MIBON YY) LmITS
A | X | COMMERCIAL GENERAL LIABILITY EACH OCCURRENCE s 1,000,000
CLAMSMADE | X | OCCUR 3386420220ES 11/1/2020 | 11/1/2021 | BAMASEIQRENTED ) [s 1,000,000
X | Hired/Non Owned Auto MED EXP (Any one person) s 10,000
PERSONAL & ADV INJURY | $ 1,000,000
GEN'L AGGREGATE LIMIT APPLIES PER: GENERAL AGGREGATE $ 2,000,000
POLICY 5B Loc PRODUCTS - COMP/OP AGG | $ 2,000,000
OTHER: HNO Auto s 1,000,000
AUTOMOBILE LIABILITY &%“g'g’é’i\é'gﬁtf"NGLE LIMIT $
ANY AUTO BODILY INJURY (Per person) | $
OWNED SCHEDULED
AUTOS ONLY AUTOS BODILY INJURY (Per accident) | $
HIRED NON-OWNED PROPERTY DAMAGE
|| AUTOS ONLY AUTOS ONLY | (Per accident) $
$
A | X | UMBRELLA LIAB X | occur EACH OCCURRENCE s 10,000,000
EXCESS LIAB CLAIMS-MADE 3386420320ES 11/1/2020 | 11/1/2021 AGGREGATE s 10,000,000
DED ‘ ‘ RETENTION $ $
WORKERS COMPENSATION PER OTH-
AND EMPLOYERS' LIABILITY vIN STATUTE ‘ ER
ANY PROPRIETOR/PARTNER/EXECUTIVE E.L. EACH ACCIDENT $
OFFICER/MEMBER EXCLUDED? N/A
(Mandatory in NH) E.L. DISEASE - EA EMPLOYEE| $
If yes, describe under
DESCRIPTION OF OPERATIONS below E.L. DISEASE - POLICY LIMIT | $
B |Pollution Liability ENP000458601 6/1/2020 6/1/2021 |Ea. Poll Condition 1,000,000
B |Pollution Liability ENP000458601 6/1/2020 | 6/1/2021 |aggregate 2,000,000

DESCRIPTION OF OPERATIONS / LOCATIONS / VEHICLES (ACORD 101, Additional Remarks Schedule, may be attached if more space is required)

Issued as Evidence of Insurance

CERTIFICATE HOLDER

CANCELLATION

Issued as Evidence of Insurance

SHOULD ANY OF THE ABOVE DESCRIBED POLICIES BE CANCELLED BEFORE

THE EXPIRATION DATE THEREOF, NOTICE WILL BE DELIVERED IN
ACCORDANCE WITH THE POLICY PROVISIONS.

AUTHORIZED REPRESENTATIVE

fi Rodtel

ACORD 25 (2016/03)

© 1988-2015 ACORD CORPORATION. All rights reserved.

The ACORD name and logo are registered marks of ACORD




EXCLUSIVE SOLAR USE RIGHTS AND LEASE OPTION AGREEMENT




PURCHASE
OPTION AGREEMENT

THIS OPTION AGREEMENT TO PURCHASE is entered into as of ﬂl&?ﬁ‘ﬁ;y of
December 2019 (the "Effective Date™) by Edmond Clermont, Richard
Clermont, Armand Clermont, and Robert Clermont, hereinafter
referred to as the "Owners," and CVE North America, a Delaware Corporation, hereinafter
referred to as the "Operator." Owner and Operator are at times collectively referred to
hereinafter as the "Parties” or individually as the "Party”.

WITNESSETH:

WHEREAS, Owner is the owner of certain real estate located in Freetown on and in the
vicinity of Clermont Way (the "Property™), more particularly described as 32 Middleboro Road,
East Freetown, MA, recorded in Bristol County Registry of Deeds, Book 3508 and Page 28; Map
245 Lots 29 and 30 in Schedule A attached hereto and made a part hereof; and

WHEREAS, Operator is investigating the development of the Property for a solar
photovoltaic electricity generation facility (the "Solar Project"); and

WHEREAS, Operator desires to obtain from the Owner an exclusive option to acquire the
Property and obtain all necessary governmental approvals to construct, install, operate, remove,
replace, and maintain a Solar Project (the "Solar Use Rights") upon the Property, including any
necessary easement rights, and including access by, over and through “Clermont Way” (the
"Purchase Option");

WHEREAS, the parties wish to reduce the terms and conditions of their agreement to
writing.

WHEREAS, the parties acknowledge that there is currently a Lis Pendens issued by the
Bristol County Superior Court, and that this agreement is contingent upon the removal of the Lis
Pendens and any payments due to the Owners shall begin within ten (10) business days of such
removal.

NOW THEREFORE, in consideration of the sum of one thousand dollars ($1,000.00)
and other good and valuable consideration, the receipt and sufficiency of which is hereby
acknowledged, the Parties hereby covenant and agree as follows:

DURATION OF THIS OFFER,; This offer is valid until December 20th, 2019.

Term and Grant. Owner hereby grants to Operator, for a period of up to 26 months from the
Effective Date hereof (the "Option Term"), the exclusive right and option to acquire Solar Use




Rights with respect to the Property and to have the exclusive right and option to purchase the
Property, including any necessary easement rights, and including access by, over and through
“Clermont Way” (the "Option"), in the manner and subject to the terms and conditions set forth
herein and on Exhibit A annexed hereto. Said Option Term may be extended by mutual
agreement of the Parties. Owner acknowledges that based on such grant of the Option, Operator
intends to respond to one or more solicitations for solar energy and submit proposals for solar
installations to be located on the Property.

1. Price. Operator will purchase the property for the Purchase Price set forth on Exhibit B
annexed hereto.

2. Exercise of Option. Operator may exercise this Option as to all of the Property by
providing written notice to Owner to that effect at the address specified below (the "Notice"),
together with the executed Purchase and Sale Agreement (the "Purchase Agreement") in the form
annexed hereto as Exhibit C, together with contract deposit specified in such Purchase
Agreement.

3. Rights of Operator During Option Term. Owner understands that Operator will, at
Operator's sole cost and expense, begin investigation, engineering, design and interconnect
activities prior to exercising the Option and entering into the Purchase Agreement with Owner.
To facilitate Operator's investigation, Owner hereby grants to Operator, its agents, and
contractors, the right of ingress and egress over the Property for the purposes of evaluating the
feasibility and the location of the Solar Project in order to develop, install, operate and maintain
same, including all tests and studies associated therewith (the "Due Diligence"). Operator's Due
Diligence activities may include, but are not limited to, the right to make all necessary municipal,
governmental and utility company filings, to survey the Property, identify and flag wetlands,
undertake permitting matters, geotechnical, archaeological, meteorological, insolation, and
environmental studies and investigations, and any other testing that is reasonably necessary,
useful, and appropriate in connection with developing and operating the Solar Project, all at
Operator’s sole cost and expense. If said investigation, engineering, design and interconnect
activities substantially alters the value of the land the operator is to pay for the damages. Owner
shall provide Operator or its agents with information about the Property, in Owner's possession
and in all other ways cooperate to the extent commercially reasonable in Operator's Due
Diligence activities, at no cost to Owner, including without limitation the timely execution of any
reasonably necessary applications in furtherance of receiving the Solar Project approvals.

4. Purchase and Sale Agreement. The Purchase & Sales Agreement shall be executed by
Owner within twelve (12) days of receipt of the Purchase Agreement executed by Operator. In
addition, the Owner agrees to enter into any ancillary but necessary agreements, easements, or
licenses, including access by, over and through “Clermont Way” necessary to construct, install,
operate, remove, replace, and maintain the Solar Project:

3 Exclusivity. During the Option Term, Owner will not sell, contract to sell, assign, lease,
encumber, or otherwise transfer the Property or any part thereof or interest therein, except
subject to Operator's rights under this Option. In no event will Owner, during the Option Term,
grant a license, easement, option, leasehold, or other rights to the Property, or any part thereof, to
any other utility or entity seeking, directly or indirectly, to develop the Property, or any part




thereof, for solar energy conversion, or to negotiate with any other party with respect to such
rights, nor permit any third party to undertake activities on the Property to evaluate the solar
resources of the Property, or any part thereof. During this Option the Owner shall not enter into
any agreement, or act in a manner, that could preclude the Operator from developing a Solar
Project on the Property or otherwise interfere with the Operator's rights herein, as determined in
the Operator's discretion.

6. Confidentiality. The terms of this Option will be held in strict confidence by the
Owner and may only be shared with its own legal, financial and business advisors but not
shared with any third parties including other developers, investors or brokers.

7 Binding Effect. This Option is binding upon the respective heirs, successors, and assigns
of the Parties.

8. Owner's Authority. Owner is the sole owner of the Property and has the unrestricted
right and authority to execute this Option and to grant to Operator the rights granted hereunder,
except for the Lis Pendens previously known by to the Operator, as described in Exhibit A.
Each person signing this Option on behalf of Owner is authorized to do so, and all persons or
entities having any ownership interest in the Property (including spouses) are signing this Option
as Owner.

9. Governing Law. This Option shall be governed by the laws of the State and County in
which the Property is located, without regard to conflict of laws principles.

10.  Assignment.  Operator may freely assign this Option and any of its rights,
responsibilities, and liabilities thereto to any party, with or without notice to Owner.

11.  Possession. Possession of the Property in the same condition as of the Effective Date of
this Agreement is to be given upon transfer of title, free of all tenants, personal property and
encumbrances not specifically accepted in this Agreement. Seller shall neither cut nor remove
forest products, nor extract or remove sand, gravel, or other natural resources from the Property
after the Effective Date of this Agreement without the prior written consent of Operator.

12. Notices. Notices required to be given hereunder shall be in writing (including email) and
delivered to the following addresses (as may be updated from time to time by the parties). Such
notices shall be effective on the date such notice is posted or received by electronic mail.




Operator

CVE North America

Thibaut Delespaul

Email: Thibaut.delespaul@gcvegroup.com

Owner

Edmond Clermont, Richard Clermont, Armand Clermont, and
Robert Clermont

Via their broker/representative:

Attorney Christopher Markey
Markey & Gauvin

555 Pleasant Street, Suite SA

New Bedford, Massachusetts 02740
(508) 717-0284

(774) 324-8238

chris@markeygauvinlaw.com

and

Broker:

Abby Clermont

Beautiful Day Real Estate LLC

234 Stafford Rd

Fall River, MA 02721

508-491-6466

Email: abbyclermont123@gmail.com or abby@beautifuldayre.com

14,  Memorandum of Option. Simultaneously with the execution of this Option Agreement,
Owner and Operator shall execute a Memorandum of Option in the form annexed hereto as
Exhibit D. From and after the date that Operator makes its first Option Payment (as defined in
Exhibit A), Operator shall have the right to record the Memorandum of Option at its sole cost
and expense.

15. ENTIRE AGREEMENT. THIS QPTION, INCLUDING ATTACHMENTS, CONTAINS THE ENTIRE AND
FINAL UNDERSTANDING OF THE PARTIES AND SUPERSEDES ALL PRIOR AGREEMENTS AND
UNDERSTANDINGS BETWEEN THE PARTIES RELATED TO THE SUBJECT MATTER OF THIS OPTION,




IN WITNESS WHEREOF, Owner and Operator have executed this Option on the date

below.
OPERATOR
CVE NORTH AMERICA | |
! f . Date: _/),?5 Jm jf(___ _:{a 2 Y, /ﬁ
Tfiﬁ ?:Pzehslizilrl;Delespaul ! ;‘d//

/,r’f

e

IN WITNESS WHEREOF, Owner and Operator have executed this Option on the date below.

OWNERS
" 12/28/2019 08:22 PM
Edbnand’J. Clevment 5 Datc: EST
Name: Edmond Clermont
Title:

: = 12/29/2019 07:07
Richard P Cermont ™~ Date: PMEST
Name: Richard Clermont
Title:

12/28/2019 06:15
Armard R Clermont > Date: PMEST
Name: Armand Clermont
Title:
Robert E (lermont [ Bagics, M

Name: Robert Clermont

Title:




UTILITY NOTIFICATION




Freetown, MA, 02717

Hello,

Eversource has reviewed the application package sent for the proposed distributed
generation project and has deemed the application complete. Eversource will now send the
application package to Engineering to begin the screening process.

Should you have any questions durina this process, please feel free to contact your
Account Executive Directly, Melanie Khederian

Service Request Summary

Please review the information in this section for accuracy. The customer of record, listed
here, is responsible for all energy use charges. Forc¥ou_r protection, we require confirmation
of the accgt)unt information by the customer of record prior to energizing your new
equipment.

Eversource Work Order Number: 2384761

Eversource Energy Account Number: 3037-720-0016
Customer of Record: CVE North America, Inc

Service Address: 0 Clermont Wa¥, Freetown, MA, 02717
Contact Telephone Number: 732-616-4657

DG Type: PV & Storage

DG Size: 2,000 kW A

Thanks,

Zachary Tedford

Eversource Energy

DG Administrative Assistant Contractor
247 Station Ave, SW340

Westwood, MA 02090

zachary.tedford@eversource.com

This electronic message contains information from Eversource Energy or its affiliates that may
be confidential, proprietary or otherwise protected from disclosure. The information is
intended to be used solely by the recipient(s) named. Any views or opinions expressed in this
message are not necessarily those of Eversource Energy or its affiliates. Any disclosure,
copying or distribution of this message or the taking of any action based on its contents, other
than by the intended recipient for its intended purpose, is strictly prohibited. If you have
received this e-mail in error, please notify the sender immediately and delete it from your
system. Email transmission cannot be guaranteed to be error-free or secure or free from
viruses, and Eversource Energy disclaims all liability for any resulting damage, errors, or
omissions.


mailto:zachary.tedford@eversource.com

PRELIMINARY ONE-LINE ELECTRICAL DIAGRAM
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PV + ENERGY STORAGE sysTem| (3) 250KCMIL AL & (1) #1 CU XHHW-2 & O COME o c
(2) 1/0 AL INVERTER & DC SUBASSEMBLIES' — 4”C PVC SCH40 (TYP.) SETTINGS A NODELNAVE: SD.250 X _ w
PV—TYPE, FB—01 300’ RELAY SETTIN NOMINAL POWER: 250KW 3= E
2000V (TYP.) = @)
— 4 25’ (N) < 3P/600A ANSI PICKUP DELAY PER TCC n % 5"
T DEFAULT | DEFAULT == <;n:
TIME TIME = b
2) #8 CU, == Vonaser A, HZ TIME DELAY AND TCC Lud
0 47/_( )PV#_TYPE N PHASE DELAY | DELAY g x =
/- N 2000V # (SEC) | (CYCLES) L O
1000’ [ INV=01 = INV-04 PERCENTAGE ACTUAL = =
(N) - zZ o
O | W
o BATTERY 27-1 V < 88% 6707 |V, (PRI) 0.76 |V (SEC) 2.00 | 120.00 - W < o
| _ o, _ Lol
| | S(ADI\TEEOL ~_ I| . 27-2 V<50% 3811 |V (PRI) 0.43 |V (SEC) 1.10 66.00 <§E O > o
< 59-1 V>110% 8383  |V_y (PRI) 0.95 |V (SEC) 2.00 | 120.00 - pd 20
59-2 V>120% 9145 |V, (PRI) 1.04 |V (SEC) 0.16 9.60 - — =
@ BATTERY | 81U-1 56.5 HZ 0.16 9.60 - < o
. . BANK(N) ~| || 2_/ 81U-2 58.5 HZ 300.00 |18000.00 - 3 2
[ ] [ ]
810-1 62.0 HZ 0.16 9.60 - x N
810-2 61.2 HZ 300.00 |18000.00 - CABLE LEGEND o
59N-1 86.52% OF V. 6593.71 V (PRI 0.75 |V(SEC) | 0.05 3.00 -
\ || _/ - NOM ( ) ( ) OVERHEAD (MV) PRO\JECT |D.
- . 0 NOM . . . . - —_—————— UNDERGROUND (MV)
Vo 59N-2 27.01% OF V 2058.44 V (PRI) 0.23 |V(SEC) | 0.95 57.00 1550006
\_ J 95% < Vigopy < 105.8% 12540 | <Vyom(PRIMARY)< | 13965.6 |V (SEC) SECONDARY ()
16 PARALLEL PV — HVAC - 73 1.43 < Vnom(SEC) £ 1.59 |V(SEC) | 299.95 |17997.00 - | o ___. COMMUNICATIONS
"SAERSBESSO”Z ZST'ZR'ES — oA O SETTINGSTAKElNTOACCOUNTAI\??E?TTI;;TFER;SLCJJ\IE(EI_CI;((;P?EON?NGTIME ON THE RECLOSER SHEET NAME:
172.800 KWDC < \ﬁ : SYSTEM SUMMARY:
(3) 3/0 AL & DC SYSTEM SIZE: 2,799.36 KW F1.7
- FAIL-SAFE RELAY TO TRIP AT MAXIMUM OF 2 SECONDS FOLLOWING LOSS OF DC POWER AND OR HARDWARE FAILURE. ) .
INCOMING AUXILIARY /HVAC AC SYSTEM SIZE: 2,000.00 KW
POWER TO BE METERED FROM — UNI—DIRECTIONAL SOLAR (1) #6G CU XHHW-2 -— STORAGE SYSTEM SIZE: 1000KW/2224 KWH
INVERTER, INCAPABLE OF GRID ” AUTO-RESTORATION (79) FNCTION WILL NOT CLOSE-IN UNTIL HEALTH VOLTAGE AND FREQUENCY HAVE BEEN MAINTAINED FOR A MODULE: HANWHA Q CELLS (405W)
SEPARATE SERVICE 480,600V ! 2°C PVC SCH40 (TYP.) MODULE QUANTITY: 6,912 SINGLE LINE
3P /3L CHARGING BATTERY 25 MINIMUM OF 5 MINUTES. INVERTER: SUNGROW SG125HV DIAGRAM
INVERTER QUANTITY: 16
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Q.PEAK DUO L-G5.2

380-405

ENDURING HIGH
PERFORMANCE
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THE IDEAL SOLUTION FOR:
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Ground-mounted

5‘@ solar power plants

Rooftop arrays on
commercial /industrial
buildings

Engineered in Germany

QCELLS

YIELD SECURITY

EUPD RESEARCH

Q.PRO-G2 235

ANTI PID TECHNOLOGY
(APT)

TOP BRAND PV

!\ EUROPE

2019

Best polycrystalline
solar module 2014

HOT-SPOT PROTECT
(HSP)

TRACEABLE QUALITY

QCELS (RAem

ANTILID TECHNOLOGY
174 modules tested (ALT)

Q.ANTUM TECHNOLOGY: LOW LEVELISED COST OF ELECTRICITY
Higher yield per surface area, lower BOS costs, higher
power classes, and an efficiency rate of up to 20.3%.

INNOVATIVE ALL-WEATHER TECHNOLOGY
Optimal yields, whatever the weather with excellent
low-light and temperature behaviour.

ENDURING HIGH PERFORMANCE
Long-term yield security with Anti LID Technology, Anti PID
Technology?, Hot-Spot Protect and Traceable Quality Tra.Q™.

EXTREME WEATHER RATING
High-tech aluminium alloy frame, certified for
high snow (5400 Pa) and wind loads (2400 Pa).

A RELIABLE INVESTMENT
Inclusive 12-year product warranty and 25-year
linear performance warranty?.

STATE OF THE ART MODULE TECHNOLOGY
Q.ANTUM DUO combines cutting edge cell separation
and innovative wiring with Q. ANTUM Technology.

+ APT test conditions according to IEC/TS 62804-1:2015, method B (-1500V, 168h)
2 See data sheet on rear for further information.

QCELLS



MECHANICAL SPECIFICATION

Format 79.3in x 39.4in x 1.38in (including frame)
(2015mm x 1000 mm x 35mm)
Weight 51.8Ibs (23.5kg)

Front Cover

0.13in (8.2mm) thermally pre-stressed glass with

anti-reflection technology

79.3" (2015 mm)

515" (1308 mm)
15.7" (400 mm)
]

4-‘7« (13.9") 353 mm

4 x Mounting slots system Tracker (DETAIL B)

[l 4x Grounding holes, @ 0.18" (4.5 mm)

8 Drainage holes
0.11x031" (3% 6 mm)
@n““(\ Frame —|
i 374"

Back Cover Composite film 74
(950 mm) (949 mm)
Frame Anodized aluminum we
Cell 6 x 24 monocrystalline Q. ANTUM solar half cells
Junction Box 2.09-3.98 x 1.26-2.36 x 0.59-0.71in (63-101 x 32-60 x 15- s,
18mm), Protection class IP67, with bypass diodes e 2 o
« Drainage holes
Cable 4mm2 Solar cable; (+) 253.1in (1350 mm), (-) =53.1in (1350 mm) i S Momming i CETALA) _ O12x024 o mm ]
Connector Stéaubli MC4, Staubli MC4-Evo2, Amphenol UTX, Renhe 05-8, [ s oema (0T oerace [
Tonglin TL-Cable01S-F; IP68 or Friends PV2e; IP67 o assmm T D L0ESM ooy T Lo mm
ELECTRICAL CHARACTERISTICS
POWER CLASS 380 385 390 395 400 405
MINIMUM PERFORMANCE AT STANDARD TEST CONDITIONS, STC* (POWER TOLERANCE +5W /-0W)
Power at MPP* Pupe [W] 380 385 390 395 400 405
e Short Circuit Current* lse [A] 10.05 10.10 10.14 10.19 10.24 10.28
g Open Circuit Voltage* Voe [V] 47.95 48.21 48.48 48.74 49.00 49.26
I*EE Current at MPP e [A] 967 9.61 9.66 970 976 9.79
Voltage at MPP Vier [V] 39.71 40.05 40.38 40.71 41.04 41.36
Efficiency?* n [%] >18.9 >19.1 >19.4 >19.6 >19.9 >20.1
MINIMUM PERFORMANCE AT NORMAL OPERATING CONDITIONS, NMOT?
Power at MPP Puee [W] 284.4 288.2 291.9 295.6 299.4 3031
g Short Circuit Current lsc [A] 8.10 8.14 8.17 8.21 8.25 8.28
E Open Circuit Voltage Voc [V] 4521 45.46 4571 45.96 46.21 46.45
S Currentat MPP Iviep [A] 7.53 7.57 7.60 7.64 7.67 771
Voltage at MPP Ve [V] 37.77 38.08 38.40 3871 39.02 39.33
Measurement tolerances Pypp £3%; lsc; Voc £5% at STC: 1000W/m?, 256+2°C, AM 1.5G according to IEC 60904-3 « 2800 W/m2, NMOT, spectrum AM 1.56G
Q CELLS PERFORMANCE WARRANTY PERFORMANCE AT LOW IRRADIANCE
gE T e ot e s At lsast 98 % of nominal power during o
w rtiered warranties first year. Thereafter max. 0.54 % ]
E g degradation per year. At least 93.1% 5 100
wh of nominal power up to 10 years. At E
B 2 least 85% of nominal power up to w
E E 25 years. g o0
E All data within measurement toleranc- ©
. . N 80
w es. Full warranties in accordance with
§ the warranty terms of the @ CELLS IRRADIANCE [W/m?]
9 sl ‘ ‘ ‘ ‘ | sales organisation of your respective
© ° 5 10 15 20 2 country.
Sundag e ofquarntee o the 0PV companies YEARS Typical module performance under low irradiance conditions in
e GNES pocuEton cspeciy I 2014 ¢ s September 2034 comparison to STC conditions (25°C, 1000 \W/m?2)
TEMPERATURE COEFFICIENTS
Temperature Coefficient of I a [%/K] +0.04  Temperature Coefficient of Ve B [%/K] -0.27
Temperature Coefficient of Pypp Y [% /K] -0.36 Normal Module Operating Temperature NMOT [°F] 109+5.4 (43+3°C)

PROPERTIES FOR SYSTEM DESIGN

Maximum System Voltage Vgys [\ 1500 (IEC)/1600 (UL)  Safety Class Il
Maximum Series Fuse Rating [ADC] 20  Fire Rating C/TYPE1
Max. Design Load, Push/Pull® [lbs/ft?] 75 (3600Pa)/33(1600Pa)  Permitied Module Temperature —-40°F up to +185°F
Max. Test Load, Push / Pull® lIbs/ft7] 113 (5400Pa)/50 (2400pa) O Continuous Duty (-40°C up 10 +85°C)

3See Installation Manual

QUALIFICATIONS AND CERTIFICATES

PACKAGING INFORMATION

UL 1703, CE-compliant, IEC 61215:2016, IEC 61730:2016,
Application Class II, U.S. Patent No. 9,893,215 (solar cells)

ce €

(254141)

Number of Modules per Pallet 29
Number of Pallets per 53" Trailer 27
Number of Pallets per 40' HC-Container 22

Pallet Dimensions (LxW x H)

81.9x45.3x46.9in (2080 x 1150 x 1190mm)

Pallet Weight

1635los (742kg)

Note: Installation instructions must be followed. See the installation and operating manual or contact our technical service department for further information on approved installation and use

of this product.

Hanwha Q CELLS America Inc.
400 Spectrum Center Drive, Suite 1400, Irvine, CA 92618, USA | TEL +1 949 748-5996 | EMAIL inquiry@us.g-cells.com | WEB www.g-cells.com/na

L-G5.2_380-405_2019-03_Rev02_NA

Specifications subject to technical changes. © Q@ CELLS Q.PEAK DUO



WWW.TERRASMART.COM

(239) 362-0211

GLIDE - TGP
Fixed-Tilt Ground Mount

OVERVIEW
GLIDE Portrait (TGP) is TerraSmart’s next
generation fixed-tilt ground mount racking
solution. TGP is the culmination of ten years and
over 3 gigawatts of installed-capacity
experience in engineering, manufacturing and

construction. As a result, GLIDE is currently the

most economical racking systemin TerraSmart’s
fixed-tilt ground mount racking portfolio.
Leveraging the benefits of TerraSmart’s widely
deployed proprietary ground screw foundation,

TGP is designed to work in any soil condition.

TerraSmart’s state-of-the-art surveying, rock
drilling and installation equipment removes
project risks and provides post-installation
documentation for increased project bankability.
All of these benefits improve upon TerraSmart’s
industry-leading construction efficiency and
raise the bar by offering customers increased

install efficiency, reduced labor hours and

tenders significant savings in material costs.
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362-0211

(239)

START SMART.

SPECS

Specifications Member Material

Hardware Material

Foundation Options

Module Orientation
Module Mounting

Tilt Angle

Wire Management
Configuration
Slopes

Load Capacities

Certifications

Warranty

BUILD SMART.

ASTM AIOIl Cold Rolled Steel, Hot Dip Galvanized to ASTM A653

(G90 min)

ASTM A 500 Hollow Structural Steel, Hot Dip Galvanized to ASTM A123
(3.0 mils min)

316 Stainless Steel for Module Mounting Hardware

Carbon Steel Alloy, Magni Coated to ASTM F2833 for all Structural
Hardware

Ground Screw Portrait

Portrait

Bottom Mount
Integrated Electrical Bonding

5 to 40 degrees

Incorporated in Structure - NEC Compliant

Portrait: Up to 2 high x up to 12 wide

East or West facing, up to 30%, north or south facing, up to 36%

Project Specific; Up to 1770 MPH wind speed and 100 PSF Ground Snow
Load

UL 2703, Edition 1; CPP Wind Tunnel Tested

20 - year limited warranty

FAST
* Exponentially Less Hardware
* Integrated Electrical Bonding

* Included Wire Managment

COMPLIANT

+ UL 2703, Edition 1 Listed
* NEC Compliant

* Wind Tunnel Tested

VERSATILE
*  Numerous Configurations
* Adapts to Steep Slopes

¢ Accommodates Arduous Soils

LIGHT

» Lighter / Stiffer Components

¢ Less Freight Costs




SUNGRSIW | ¢ZE® SAMSUNG SDI

STS556KWH-D250HV
+4XSGI25HV

Storage System

SYSTEM FEATURES

® Fully integrated 1500V DC coupled PV+ESS system with “one stop shop”
¢ Intelligent MPPT-Charging control algorithm enable the high-efficient operation

CIRCUIT DIAGRAM

LN o
Lithium battery

BCP DCDC
Lo —
-

PV Recombiner

Tt e it I
|
|
|
!
|
|
|
|
|
|
|
!
|
|
|

4 * PV Inverter
[ RACK BMS | | RACK BMS | [ RACKBMS | = ACSwitch |
L L : ! : /. o1
ffffffffffffffff ‘,,”,"”,””,L"”" SYSTEM BMS 7? B >
— T3
i
VACHY------------- O -1 Local Controller ---é----------------—- IS !

© 2019 Sungrow-Samsung SDI Energy Storage Power Supply Co,, Ltd. All rights reserved.Subject to change without notice. Version 1.1



STE556KWH-D250HV+4xSG125HV

System Type ST556KWH-D250HV+4xSG125HV

Max PV input voltage 1,500 V
MPPT voltage range at nominal power 860 ~ 1,250 V
Number of DC inputs 5

Max. PV input current 1,250 A

Working voltage range 500 ~ 1,500 vV
Nominal power 250 KW
Max. current 344 A

Cell type Samsung SDI Mega E3,3.68 V /100 Ah
Configuration of system 2P2525*3
Battery capacity (BOL) 556 kWh

Battery voltage range

806.4 ~1,045.8 V

AC output power

500kVA @ 50 °C

Max. AC output current 480 A
Nominal AC voltage 3/ PE, 600V
AC voltage range 480 ~ 690 V

Nominal grid frequency / Grid frequency range

60 Hz /55 ~ 65 Hz

Power factor at nominal power / Adjustable power factor

>0.99/0.8 leading ~ 0.8 lagging

Feed-in phases / connection phases

3/3

Dimensions (W * H * D)

6,058 * 2,896 * 2,438 mm / 238.5" * 114.0" * 96.0"

Weight (with / without battery)

NOT/70T 24,250 Ibs /15,432 Ibs

Degree of protection

IP 54/ NEMA 3R

Operating temperature range

-30to 50 °C /-22to 122 °F

Relative humidity

0 ~ 95 % (non-condensing)

Max. working altitude

2,000 m /6,562 ft

Cooling concept of battery chamber

Heating, Ventilation and Air Conditioning

Fire suppression system of battery unit

FM-200 extinguishment system

Communication interfaces

RS485, Ethernet

Communication protocols

Modbus RTU, Modbus TCP

Compliance

UL 9540, UL 9540A

© 2019 Sungrow-Samsung SDI Energy Storage Power Supply Co, Ltd. All rights reserved.Subject to change without notice. Version 11



SG125HV SUNGROM

String Inverter for 1500 Vdc System

HIGH YIELD EASY O&M

- Patented five-level topology, max. efficiency » Virtual central solution, easy for O&M
98.9 %, European efficiency 98.7 %, CEC « Compact design and light weight for easy
efficiency 98.5 % installation

- Full power operation without derating at 50 °C
- Patented anti-PID function

SAVED INVESTMENT GRID SUPPORT
- DC1500V,AC 600V, low system initial « Compliance with both IEC and UL safety,EMC
investment and grid support regulations
* 1to 5MW power block design for lower AC + Low/High voltage ride through(L/HVRT)
transformer and labor cost - Active & reactive power control and power ramp
- Max.DC/AC ratio up to 1.5 rate control
CIRCUIT DIAGRAM EFFICIENCY CURVE
100%
N 9_4{%7 | | l || || | | || — 98%
oc “Fier J{ — Ao — reae —Fiter 0 g
R | | T | | | ] | | | ] - " £ 9% —vdc=geov |
o
90%
DC Switch ~ DC SPD DCBus Inverter Circuit AC SPD AC PE 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
(DCIAC) é Switch é Normalized Output Power

@ © 2019 Sungrow Power Supply Co, Ltd. All rights reserved. Subject to change without notice. Version 14



SGI125HV

Type designation

SG125HV

Max. PV input voltage 1500 V
Min. PV input voltage / Start-up input voltage 860V /920V
Nominal PV input voltage 1050 vV
MPP voltage range 860 -1450 V
MPP voltage range for nominal power 860 -1250 V
No. of independent MPP inputs 1

No. of DC inputs 1

Max. PV input current 148 A
Max. DC short-circuit current 250 A

AC output power

125 kVA @ 50 °C

Max. AC output current 120 A
Nominal AC voltage 3 /PE, 600V
AC voltage range 480 -690 V

Nominal grid frequency / Grid frequency range

50 Hz / 45 - 55 Hz, 60 Hz / 55 - 65 Hz

THD

<3 % (at nominal power)

DC current injection <05%In
Power factor at nominal power / Adjustable power factor >0.99/0.8 leading - 0.8 lagging
Feed-in phases / connection phases 3/3

Max. efficiency / European efficiency

98.9% / 98.7%

CEC efficiency

98.5%

DC reverse connection protection Yes
AC short-circuit protection Yes
Leakage current protection Yes
Grid monitoring Yes
DC switch Yes
AC switch Yes
Q at night function No
Anti-PID function Yes

Overvoltage protection

DC Type Il / AC Type I

Dimensions (W*H*D)

670*902*296 mm 26.4'*35.5"*11.7"

Weight 76 kg 167.5 Ib

Isolation method Transformerless

Degree of protection IP 65 NEMA 4X

Night power consumption <4 W

Operating ambient temperature range -30 to 60°C (> 50 °C derating) -22 to 140°F (> 122 °F derating)
Allowable relative humidity range (non-condensing) 0-100 %

Cooling method

Smart forced air cooling

Max. operating altitude

4000 m (> 3000 m derating) 13123 ft (> 9843 ft derating)

Display / Communication

LED, Bluetooth+APP / RS485

DC connection type

OT or DT terminal (Max. 185 mm?2 350 Kcmil)

AC connection type

OT or DT terminal (Max. 185 mm?2 350 Kcmil)

Compliance

UL1741, UL1741SA, IEEE1547, IEEE1547.1, CSA C22.2 107.1-01-2001, FCC Part15
Sub-part B Class A Limits, California Rule 21, IEC 62109-1/-2, IEC 61000-6-2/-4, IEC
61727, IEC62116, BDEW, EN50549,VDE-AR-N 4110:2018, VDE-AR-N 4120:2018, UNE

206007-1:2013, P.0.12.3, UTE C15-712-1:2013, CEI 0-16:2017, IEC 61683, PEA, NTCO

Grid Support

LVRT, HVRT, ZVRT, active & reactive power regulation, PF control, soft start/stop

© 2019 Sungrow Power Supply Co, Ltd. All rights reserved. Subject to change without notice. Version 14
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POLLINATOR FRIENDLY SOLAR DESCRIPTION AND PROPOSED SEED
MIX




Why are pollinators important Benefits of pollinator friendly solar
Pollinators are animals including bees, butterflies and moths that , _ o
transfer pollen from one plant to another, ensuring reproduction. ¢ It's good for native wildlife
They are critically important to ecosystems, as well as our food ZEY It provides a habitat for pollinators
supply and agricultural economy. ¥ and other wildlife
Over 80% of flowering plants on earth depend upon insect- 1 _
[ | It's cost effective

mediated pollination. In fact, the survival of most plant and animal
species on the planet depends upon native pollination ecosystems.

EQ[J It’s prettier
J Ry It makes the area visually appealing to neighbors |

FI' It requires less maintenance and mowing

Zi W

=

Food Economy and visitors. Bu'ﬁé’;e
Pollinators provide Pollinators contribute to Depending on the season and on the stage of seeding, BZ:E 1
us with fruits, Iogallzoodl systems a“‘; you may not see flowers yet. '
ve etables, nuts agricultural economies by o
gand - increasing yields and How we do it:
uality of crops : : : : :
e ° <* We plant native wildflowers with high value for pollinators |
Ecosystems (see some examples on the right) N4
Pollinators support healthy o o _ o !Q\.& |
ecosystems that clean the < We limit the use of pesticide and insecticide B e o i SN R
fa'r’ stabilize S°"~°¥h pmtec; < We install cavity nesting habitat for bees Tinctoria g~ T
rom severe weatner, an
support other wildlife “* We leave a gap at the bottom of the fence for wildlife
passage

Backed by Science: This site is Pollinator-Friendly certified

This solar facility has achieved Silver certification through the UMass Clean Energy Extension
Pollinator-Friendly Certification Program for Solar PV Arrays. All plants have been carefully selected

UMass b : : , —_— . :
a professional botanist to ensure thev support pollinators. Management activities — including removal
Clean Energy el A 2 J

Nemoralis

of invasive plants, limited mowing and trimming, and avoidance of insecticides — all contribute to

Extension . . . . |
S keeping this site pollinator-friendly. Q Cv ch:]ré?ica

& Outreach ” S
Want to learn more about helping pollinators in your community? Changing Visions of
Contact UMass Clean Energy Extension (413-545-8510, ag.umass.edu/clean-energy).




SEED MIX NAME: Pollinator Sun Mix

Location to be used: Array (all areas not under solar panels) and perimeter

Common Name
yarrow

upland bent grass
pearly everlasting
broomsedge bluestem
pussytoes

butterfly weed

yellow wild indigo
plains oval sedge
partridge sensitive-pea
prairie cinquefoil
poverty oat grass
purple lovegrass
spotted St. John’s-wort
slender bush-clover
bladder-pod lobelia
foxglove beardtongue
slender mountain mint
Virginia mountain mint
black-eyed Susan

little bluestem

gray goldenrod
heart-leaved American-
heath American-aster
calico American-aster
golden Alexanders

NOTES:

Scientific Name

Achillea millefolium

Agrostis perennans
Anaphalis margaritaceae
Andropogon virginicus
Antennaria plantaginifolia
Asclepias tuberosa

Baptisia tinctoria

Carex brevior

Chamaecrista fasciculata
Drymocallis (Potentilla) arguta
Danthonia spicata
Eragrostis spectabilis
Hypericum punctatum
Lespedeza virginica

Lobelia inflata

Penstemon digitalis
Pycnanthemum tenuifolium
Pycnanthemum virginianum
Rudbeckia hirta
Schizachyrium scoparium
Solidago nemoralis
Symphyotrichum cordifolium
Symphyotrichum ericoides
Symphyotrichum lateriflorum
Zizia aurea

Percentage of Mix
2.06
211
3.42
217
4.08
2.02
1.00
2.01
212
410
2.62
212
7.60
3.14
4.35
6.48
4.95
5.48
5.32
12.58
8.01
218
214
4.47
3.46
100

Seed Geographic Origin
Midwest

New York
Minnesota
Wisconsin
Minnesota
Upper Midwest
West Virginia
Minnesota
Minnesota/lowa
lowa
Minnesota
lllinois

lllinois

lllinois
Wisconsin
Wisconsin
lllinois

lllinois

lowa
Wisconsin
lowa
Wisconsin
Wisconsin
Minnesota
lllinois

*Andrena (Micrandrena) melanochroa. https://jarrodfowler.com/specialist_bees.html
**The most recurrent host plant genera associations among pollen specialist bee species include Solidago L. (37 spp.). Specialist bees include: Andrena (Callandrena s.l.) aliciae, Andrena (Callandrena s.l.) asteris, Andrena
(Cnemidandrena) canadensis, Perdita (Perdita) octomaculata, Pseudopanurgus aestivalis. References: https://jarrodfowler.com/specialist_bees.html, https://jarrodfowler.com/host_plants.html
***The most recurrent host plant genera associations among pollen specialist bee species include Symphyotrichum Nees (32 spp.). Specialist bees include: Andrena (Cnemidandrena) hirticincta, Pseudopanurgus aestivalis,
Melissodes (Eumelissodes) dentiventris, Colletes americanus, Dianthidium (Dianthidium) simile. References: https://jarrodfowler.com/specialist_bees.html, https://jarrodfowler.com/host_plants.html
****Indian Skipper (Hesperia sassacus) and Leonard's Skipper (Hesperia leonardus). References: https://www.butterfliesofmassachusetts.net/conservation-species.htm, https://www.butterfliesofmassachusetts.net/indian.htm,
https://www.butterfliesofmassachusetts.net/Leonards.htm, R. Cech and G. Tudor, Butterflies of the East Coast. An Observer's Guide. Princeton University Press, Princeton and Oxford, 2005.

*****Little Yellow (Eurema lisa). In both Atlas (1986-90) and MBC (2000-2007) records, Little Yellow ranks as Rare or Very Rare. References: https://www.butterfliesofmassachusetts.net/little-yellow.htm,
https://lwww.butterfliesofmassachusetts.net/methods.htm#Table%205.%20Relative%20Abundance%20MBC/Atlas%20Comparisons, R. Cech and G. Tudor, Butterflies of the East Coast. An Observer's Guide. Princeton
University Press, Princeton and Oxford, 2005.
*****Indian Skipper (Hesperia sassacus) and Leonard's Skipper (Hesperia leonardus). https://www.butterfliesofmassachusetts.net/Leonards.htm, R. Cech and G. Tudor, Butterflies of the East Coast. An Observer's Guide.
Princeton University Press, Princeton and Oxford, 2005.
w*****Hoary Edge (Achalarus lyciades). Hoary Edge’s caterpillar host plants are mainly various tick-trefoils, especially showy tick-trefoil (Desmodium canadense), which is quite common in our area, but also bush clovers (Lespedeza
spp.) and other legumes. References: http://www.butterfliesofmassachusetts.net/hoary-edge.htm, R. Cech and G. Tudor, Butterflies of the East Coast. An Observer's Guide. Princeton University Press, Princeton and Oxford, 2005.

MA Status

fairly widespread
widespread
widespread
fairly widespread
widespread
fairly widespread
widespread
widespread
fairly widespread
fairly widespread
widespread
widespread
widespread

fairly widespread
widespread
widespread

fairly widespread
fairly widespread
widespread
widespread
widespread
widespread
widespread
widespread
widespread

Approx. Bloom Period
July-Oct
N/A
July-Aug
N/A
April-June
June-Aug
June-Aug
N/A
June-Aug
June-Sept
N/A

N/A
July-Aug
Aug
July-Oct
April-June
July-Sept
July-Aug
June-Sept
N/A
Aug-Oct
Aug-Oct
Sept-Oct
Aug-Sept
May-July

Soil Requirements
medium, moist
medium, moist, dry

dry
dry, medium
dry, medium
dry
dry

dry, medium, moist

dry, medium
medium, dry
medium, dry
dry

medium, dry
dry

medium
medium, dry
dry

medium, dry
medium, dry
dry

medium
medium

dry

medium, dry
dry, medium

16 Center Street #426, Northampton, MA 01060 landscapeinteractions.com

Seed Mix

Seeding rate: 110 PLS/sq.ft

Specialist Bee Host?
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
Yes
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
Yes

*

*%

*%

Yes

*kk

Yes
*kk

Yes
Yes

Rare Lepidoptera Host?
N/A
Yes
N/A
Yes
N/A
N/A
Yes
N/A
Yes
N/A
Yes
N/A
N/A
Yes
N/A
N/A
N/A
N/A
N/A
Yes
N/A
N/A
N/A
N/A
N/A

*kkk

*kkkk

*kkkkk

*kkkkkk
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SEED MIX NAME: Pollinator Shade Mix
Location to be used: Array (under solar

panels)

Common Name

white snakeroot
upland bent grass
broomsedge bluestem
pussytoes

red columbine
partridge sensitive-pea
prairie cinquefoil
purple lovegrass
spotted St. John’s-wort
slender bush-clover
bladder-pod lobelia
foxglove beardtongue
slender mountain mint
black-eyed Susan

little bluestem

early goldenrod

gray goldenrod

sweet goldenrod
heart-leaved American-
heath American-aster
calico American-aster
Ohio spiderwort
golden Alexanders

NOTES:

Scientific Name
Ageratina altissima
Agrostis perennans
Andropogon virginicus
Antennaria plantaginifolia
Aquilegia canadensis
Chamaecrista fasciculata

Drymocallis (Potentilla) arguta
Eragrostis spectabilis

Hypericum punctatum
Lespedeza virginica

Lobelia inflata

Penstemon digitalis
Pycnanthemum tenuifolium
Rudbeckia hirta
Schizachyrium scoparium
Solidago juncea

Solidago nemoralis

Solidago odora
Symphyotrichum cordifolium
Symphyotrichum ericoides
Symphyotrichum lateriflorum
Tradescantia ohiensis

Zizia aurea

Percentage of Mix
2.97
3.29
3.37
3.88
4.29
2.08

3.11
3.68

6.54
2.16
4.50
4.10
5.33
6.22
13.30
4.09
8.11
1.13
2.21
2.16
7.05
2.7
3.72
100

Seed Geographic Origin
Minnesota

New York

Wisconsin

Minnesota

lowa

Minnesota/lowa

lowa
Illinois

lllinois
lllinois
Wisconsin
Wisconsin
lllinois
lowa
Wisconsin
lllinois
lowa
Wisconsin
Wisconsin
Wisconsin
Minnesota
lllinois

Illinois

*Andrena (Micrandrena) melanochroa. https://jarrodfowler.com/specialist_bees.html
**The most recurrent host plant genera associations among pollen specialist bee species include Solidago L. (37 spp.). Specialist bees include: Andrena (Callandrena s.l.) aliciae, Andrena (Callandrena s.l.) asteris,

Andrena (Cnemidandrena) canadensis, Perdita (Perdita) octomaculata, Pseudopanurgus aestivalis. References: https://jarrodfowler.com/specialist_bees.html, https://jarrodfowler.com/host_plants.html

MA Status

fairly widespread
widespread
fairly widespread
widespread
widespread

fairly widespread

fairly widespread
widespread

widespread
fairly widespread
widespread
widespread
fairly widespread
widespread
widespread
widespread
widespread
widespread
widespread
widespread
widespread
fairly widespread
widespread

Approx. Bloom Period
July-Oct

N/A

N/A

April-June

May-July

June-Aug

June-Sept
N/A

July-Aug
Aug
July-Oct
April-June
July-Sept
June-Sept
N/A
July-Sept
Aug-Oct
Aug-Oct
Sept-Oct
Sept-Oct
Aug-Sept
July-Sept
May-July

Soil Requirements
medium, moist
medium, moist, dry
dry, medium

dry, medium
moist, medium, dry
dry, medium
medium, dry

dry

medium, dry

dry

medium

medium, dry

dry

medium, dry

dry

dry

medium

medium

medium, dry

dry

medium, dry
medium, dry

dry, medium

Seed Mix

Seeding rate: 110 PLS/sq.ft

Specialist Bee Host?
N/A
N/A
N/A
N/A
N/A
N/A

Yes
N/A

N/A
N/A
N/A
N/A
N/A
N/A
N/A
Yes

*

*%

*%

Yes

*%

Yes

*kk

Yes

*kk

Yes
Yes***
N/A

Yes

Rare Lepidoptera Host?
N/A
Yeg* **
Yes
N/A
N/A
Yes

N/A
N/A

N/A
Yes
N/A
N/A
N/A
N/A
Yes
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

*hkkkk

*hkkkkk

***The most recurrent host plant genera associations among pollen specialist bee species include Symphyotrichum Nees (32 spp.). Specialist bees include: Andrena (Cnemidandrena) hirticincta, Pseudopanurgus

aestivalis, Melissodes (Eumelissodes) dentiventris, Colletes americanus, Dianthidium (Dianthidium) simile. References: https://jarrodfowler.com/specialist_bees.html, https://jarrodfowler.com/host_plants.html

****Indian Skipper (Hesperia sassacus) and Leonard's Skipper (Hesperia leonardus). References: https://www.butterfliesofmassachusetts.net/conservation-species.htm, https://www.butterfliesofmassachusetts.net/indian.htm,
https://www.butterfliesofmassachusetts.net/Leonards.htm, R. Cech and G. Tudor, Butterflies of the East Coast. An Observer's Guide. Princeton University Press, Princeton and Oxford, 2005.
*****Little Yellow (Eurema lisa). In both Atlas (1986-90) and MBC (2000-2007) records, Little Yellow ranks as Rare or Very Rare. References: https://www.butterfliesofmassachusetts.net/little-yellow.htm,
https://www.butterfliesofmassachusetts.net/methods.htm#Table%205.%20Relative%20Abundance%20MBC/Atlas%20Comparisons, R. Cech and G. Tudor, Butterflies of the East Coast. An Observer's Guide. Princeton
University Press, Princeton and Oxford, 2005.
*****Hoary Edge (Achalarus lyciades). Hoary Edge’s caterpillar host plants are mainly various tick-trefoils, especially showy tick-trefoil (Desmodium canadense), which is quite common in our area, but also bush clovers
(Lespedeza spp.) and other legumes. References: http://www.butterfliesofmassachusetts.net/hoary-edge.htm, R. Cech and G. Tudor, Butterflies of the East Coast. An Observer's Guide. Princeton University Press, Princeton and

Oxford, 2005.
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SEED MIX NAME: Basin Mix

Location to be used: Stormwater management basins within fenceline

Common Name
southern water-plantain
nodding beggar-ticks
bearded sedge

hop sedge

lurid sedge

fox sedge

tall white-aster

boneset

grass-leaved goldenrod
Hollow Joe-Pye weed
soft rush
ditch-stonecrop
dark-green bulrush
woolgrass

blue vervain

NOTES:

*The most recurrent host plant genera associations among pollen specialist bee species include Bidens L. (12 ssp.). Specialist bees include: Andrena (Callandrena s.l.) aliciae, Melissodes (Eumelissodes) dentiventris and Colletes compactus. Reference:

Scientific Name

Alisma subcordatum
Bidens cernua

Carex comosa

Carex lupulina

Carex lurida

Carex vulpinoidea
Doellingeria umbellata
Eupatorium perfoliatum
Euthamia (Solidago) graminifolia
Eutrochium fistulosum
Juncus effusus
Penthorum sedoides
Scirpus atrovirens
Scirpus cyperinus
Verbena hastata

Percentage by Count
2.48
0.65
0.62
0.07
0.25
6.19
1.38
3.30
5.06
1.61
20.65
26.84
9.50
17.55
3.84

Total percentage 100

https://jarrodfowler.com/specialist_bees.html
**Reference: https://jarrodfowler.com/host_plants.htmi
***Dion Skipper (Euphyes dion). Reference: R. Cech and G. Tudor, Butterflies of the East Coast. An Observer's Guide. Princeton University Press, Princeton and Oxford, 2005.

Percentage by Weight Seed Geographic Origin

10.70
8.02
5.35
5.35
5.35
16.04
5.35
5.35
3.74
5.35
5.35
5.35
5.35
2.67
10.70
100

Minnesota
lowa

Illinois
Pennsylvania
Illinois
lllinois
Illinois
Minnesota
Minnesota
Minnesota
Wisconsin
Illinois

lowa
Wisconsin
New Jersey

MA Status

widespread
widespread
widespread
widespread
widespread
widespread
widespread
widespread
widespread
widespread
widespread

fairly widespread
fairly widespread

widespread
widespread

Approx. Bloom Period
June-Sept
Aug-Oct
N/A

N/A

N/A

N/A
July-Oct
July-Sept
July-Sept
July-Sept
N/A
June-Sept
N/A

N/A
July-Sept
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Seed Mix Table

110 PLS/sq.ft

Soil Requirements
wet

wet

wet

wet, moist

moist, wet

moist, wet

medium, moist, wet
medium, moist, wet
medium, moist, wet
moist, wet

moist, wet

moist, wet

wet

wet

medium, moist, wet

Seeding rate:

Specialist Bee Host?

N/A
Yes
N/A
N/A
N/A
N/A
N/A
N/A
Yes
Yes
N/A
N/A
N/A
N/A
Yes

*

*%

Rare Lepidoptera Host?

N/A
N/A
N/A
N/A
N/A
N/A
Yes
N/A
N/A
N/A
N/A
N/A
N/A
Yes
N/A

*k%k
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SEED MIX NAME: Berm Mix
Location to be used: Berms within the fenceline and beneath vegetative screen

Common Name
broomsedge bluestem
butterfly weed
partridge sensitive-pea
poverty oat grass
purple lovegrass
black-eyed Susan
hairy panic grass

little bluestem

early goldenrod

gray goldenrod

awl American-aster

golden Alexanders

NOTES:

Scientific Name
Andropogon virginicus
Asclepias tuberosa
Chamaecrista fasciculata
Danthonia spicata
Eragrostis spectabilis
Rudbeckia hirta

Panicum acuminatum
Schizachyrium scoparium
Solidago juncea
Solidago nemoralis
Symphyotrichum pilosum
Zizia aurea

Percentage of Mix
15.20
0.27
1.35
3.1
26.16
11.46
2.74
3.74
12.65
13.08
8.72
1.50
100

Seed Geographic Origin
Missouri
Michigan
Minnesota
Minnesota
Minnesota
lowa
Wisconsin
Minnesota
lllinois
lowa
Minnesota
Minnesota

MA Status

fairly widespread
fairly widespread
fairly widespread
widespread
widespread
widespread
widespread
widespread
widespread
widespread
widespread
widespread

Approx. Bloom Period
N/A
June-Aug
June-Aug
N/A

N/A
June-Sept
N/A

N/A
July-Sept
Aug-Oct
Sept-Oct
May-July

Soil Requirements
dry, medium

dry

dry, medium
medium, dry

dry

medium, dry
medium, dry

dry

medium

medium

dry, medium, moist

dry, medium

Seed Mix

Seeding rate: 110 PLS/sq.ft

Specialist Bee Host?
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
Yes

*
Yes*
*%

Yes
Yes

Rare Lepidoptera Host?
Yes
N/A
Yes

*kk

*kkk

Yes
N/A
N/A
YegH e
Yes
N/A
N/A
N/A

N/A

*The most recurrent host plant genera associations among pollen specialist bee species include Solidago L. (37 spp.). Specialist bees include: Andrena (Callandrena s.l.) aliciae, Andrena (Callandrena s.l.) asteris,

Andrena (Cnemidandrena) canadensis, Perdita (Perdita) octomaculata, Pseudopanurgus aestivalis. References: https://jarrodfowler.com/specialist_bees.html, https://jarrodfowler.com/host_plants.html

**The most recurrent host plant genera associations among pollen specialist bee species include Symphyotrichum Nees (32 spp.). Specialist bees include: Andrena (Cnemidandrena) hirticincta, Pseudopanurgus
aestivalis, Melissodes (Eumelissodes) dentiventris, Colletes americanus, Dianthidium (Dianthidium) simile. References: https://jarrodfowler.com/specialist_bees.html, https://jarrodfowler.com/host_plants.html

***Little Yellow (Eurema lisa). In both Atlas (1986-90) and MBC (2000-2007) records, Little Yellow ranks as Rare or Very Rare. References: https://www.butterfliesofmassachusetts.net/little-yellow.htm,

https://www.butterfliesofmassachusetts.net/methods.htm#Table%205.%20Relative%20Abundance%20MBC/Atlas%20Comparisons, R. Cech and G. Tudor, Butterflies of the East Coast. An Observer's Guide. Princeton
University Press, Princeton and Oxford, 2005.
****Indian Skipper (Hesperia sassacus) and Leonard's Skipper (Hesperia leonardus). https://www.butterfliesofmassachusetts.net/Leonards.htm, R. Cech and G. Tudor, Butterflies of the East Coast. An Observer's Guide.

Princeton University Press, Princeton and Oxford, 2005.

*****Indian Skipper (Hesperia sassacus). Little bluestem (Schizachyrium scoparius), Panicum spp, and Festuca spp. (rubra and obtusa). are the most definite and frequently-reported host grasses, with other species likely (Scott
1986; Opler and Krizek 1984). https://www.butterfliesofmassachusetts.net/indian.htm

16 Center Street #426, Northampton, MA 01060 landscapeinteractions.com
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PLANTINGS NAME: Vegetation Screen
Location to be used: East and south of array

Common Name

Scientific Name

Green giant arborvitae Thuja standishii x

Eastern red cedar
on

American holly
on

Mountain laurel
on

NOTES:

plicata ‘Green Giant’

Juniperus virginiana

llex opaca

Kalmia latifolia

Planting Density

Staggered rows, 6-8'
on

center diagonal
Staggered rows, 6-8'

center diagonal
Staggered rows, 6-8'

center diagonal
Staggered rows, 6-8'

center diagonal

Total # of
Plants

141

47

47

46

Geographic Origin
Bloom

Massachusetts

Massachusetts

Massachusetts

Massachusetts

MA Status Approx.
Period
cultivar/non- N/A
native
widespread N/A

fairly widespread May

widespread May

Soil Requirements
Bee

dry, medium

dry, medium

medium, moist

medium

Specialist

Host?
N/A

N/A
Yes

*%

Yes

*Specialist bee host plant (Colletes banksi; Perdita (Alloperdita) floridensis; Colletes ciliatus) (https://jarrodfowler.com/specialist_bees.html; https://jarrodfowler.com/host_plants.html)
**Specialist bee host plant (Andrena (Conandrena) bradleyi) (https://jarrodfowler.com/specialist_bees.html; https://jarrodfowler.com/host_plants.html)

***|epidoptera of Conservation Concern host plant (Juniper Hairstreak) https://www.butterfliesofmassachusetts.net/juniper-hairstreak.htm

16 Center Street #426, Northampton, MA 01060 landscapeinteractions.com

Plantings Table

Rare Lepidoptera
Host?

N/A

* k%

Yes
N/A

N/A
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DESIGN ENGINEERS, INC.

SOLAR DECOMMISSIONING EVALUATION & COST ESTIMATE
Middleboro Road Solar Project
Freetown, Massachusetts
ADE Project 3220.01

March 12, 2021

This Decommissioning Plan Evaluation has been prepared for the proposed Middleboro Road
Solar Project located in Freetown, Massachusetts on behalf of CVE North America, Inc. (the
‘Client’). This evaluation has been prepared estimate the costs to remove certain physical
components of the proposed project and restore the Site to a stable condition. The assessment
also accounts for salvage values associated with materials and a 2% inflation rate using an
assumed 20-year lifespan. Please note this evaluation has been completed based upon the plan
entitled “Site Development Plans for Middleboro Road Solar Project” drafted by Atlantic
Design Engineers Inc. (Atlantic) and dated March 12, 2021.

Upon abandonment or discontinuation of use, the owner shall be responsible for physical
removal the Solar Facility following the date of abandonment or discontinuation of use. Based
on design criteria at the Site, the definition of "physical removal" shall include, but not be
limited to, the following:

1. Contact with local Electrical Distribution Company and schedule a date for shutdown
and disconnection from the utility grid as well as provide notice to the Town of such.

2. Removal of the solar modules, supporting structures, foundations, electrical
equipment, utility poles and electrical connections. All other equipment, equipment
shelters and vaults, security barriers and appurtenant structures shall be removed from
the Solar Facility site. Inverters, transformers and the switchgear will be removed from
their concrete pads and the pads will be removed as well.

3. Proper disposal of all solid or hazardous materials and wastes (if any) from the site in
accordance with local and state solid/hazardous waste disposal regulations,

4. Restoration of the location of the Solar Facility site through the removal of all solar
components and seeding of disturbed areas, if needed. This assessment assumes the
gravel access drive and the detention basins may remain.

Please refer to the Decommissioning Estimate Calculation Sheet attached as Exhibit A for an
item-by-item breakdown of the costs associated with the decommissioning of the proposed
Middleboro Road Solar Array. A Salvage Estimate of materials or equipment of value has
been included within the attached calculations. Salvage items, as listed in Exhibit A, will be

sold back to the manufacturer or to a recycling facility. Materials of value include but are not
1|Page



Decommissioning Evaluation & Cost Estimate

@ A"Qﬂ Ilic® CVE North America, Inc.

Middleboro Road Solar Project
March 12, 2021

limited to copper wiring, aluminum, and steel. Racking materials and fencing will be pulled
from the ground, folded for transport and potentially sold to a scrap yard.

The facility owner will be responsible for all decommissioning costs and will obtain all permits
or approvals required by the Town prior to commencing decommissioning work.

Assuming a 2% yearly inflation rate for the 20-year proposed project lifespan and considering
salvage value, the estimated future cost of decommissioning the project is $63.500.00.

The project company will provide a decommissioning guarantee as a condition to receive the
certificate of occupancy.

Please feel free to reach me at (508) 888-9282 if you have any questions.
Very truly yours,

ATLANTIC DESIGN ENGINEERS, INC.

Richard J. Tabaczynski, P.E.
Vice President

2|Page
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Exhibit A

Middleboro Road Solar Project Decommissioning Estimate
Freetown, MA
March 12, 2021

System Information Summary

Total System Module Count 6744

Total System Inverter Count 38

Racking Orientation 2 Up Vertical

Linear Feet of Racking 11620.2

Estimated Aluminum per Foot of Racking (lbs) 2

Estimated Steel Per Foot of Racking (Ibs) 4.5

Estimated Length of Interconnection to Street (feet) 535

Anticipated Project Lifestpan for Inflation Calcuation (years) 20
Decommissioning Summary

Estimated Business Days to Demolish 29

(8 Man Crew - Rate of 300 modules, 2 Inverters & 500 Linear Feet of Racking/Day)

Estimated Total Number of 40 Yard Dumpsters 17

(400 Modules/2INV/Miscellaneous Debris Per Container)

Dumpster Disposal Cost

($600 per Container) > 10,200.00
Cost for Demolition Crew $ 29.000.00
($125/Day/Member) AR
Heavy Equipment
($750/Day) S 21,750.00
Estimated Mobilization & Site Repair
(2.5% of Costs) > 1,523.75
Total Current Day Decommissioning Estimate S 62,473.75
Decommissioning Costs Using Lifespean with 2% Inflation $ 92,832.71
Salvage Value Summary
Estimated Copper Salvage (lbs) 10,855.15
Estimated Aluminum Salvage (Ibs) 23,240.40
Estimated Steel Salvage (lbs) 52,290.90
Current Day Salvage Pricing for Copper ($/1b) S 0.93
Current Salvage Pricing for Aluminum ($/1b) S 0.28
Current Salvage Pricing for Steel ($/Ib) S 0.06
Estimated Copper Salvage Value S 10,095.29
Estimated Aluminum Salvage Value S 6,507.31
Estimated Steel Salvage Value S 3,137.45
Estimated Total Salvage Value S 19,740.06
Estimated Current Day Decommissioning Cost Considering Salvage S 42,733.69
Estimated Future Decommissioning Cost With 2% Inflation and Considering Salvage S 63,500.02

Mid City Scap (3/21)
Mid City Scrap (3/21)
Mid City Scarp (3/21)
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CERTIFICATE OF LIABILITY INSURANCE

CVENORT-01

JHOGAN

DATE (MM/DD/YYYY)
11/20/2020

THIS CERTIFICATE IS ISSUED AS A MATTER OF INFORMATION ONLY AND CONFERS NO RIGHTS UPON THE CERTIFICATE HOLDER. THIS
CERTIFICATE DOES NOT AFFIRMATIVELY OR NEGATIVELY AMEND, EXTEND OR ALTER THE COVERAGE AFFORDED BY THE POLICIES
BELOW. THIS CERTIFICATE OF INSURANCE DOES NOT CONSTITUTE A CONTRACT BETWEEN THE ISSUING INSURER(S), AUTHORIZED

REPRESENTATIVE OR PRODUCER, AND THE CERTIFICATE HOLDER.

IMPORTANT:

If the certificate holder is an ADDITIONAL INSURED, the policy(ies) must have ADDITIONAL INSURED provisions or be endorsed.

If SUBROGATION IS WAIVED, subject to the terms and conditions of the policy, certain policies may require an endorsement. A statement on
this certificate does not confer rights to the certificate holder in lieu of such endorsement(s).

PRODUCER
Roblin Insurance, a division of EPIC
144 Gould Street Suite 100
Needham, MA 02494

CONTACT
NAME:

Ao, Exty: (781) 455-0700 | 7% noy(781) 449-8976

Bk oo certificates@roblininsurance.com

INSURER(S) AFFORDING COVERAGE NAIC #
insurer A : AXIS Specialty Europe SE- London Branch
INSURED insurer B : LIoyd's of London 15792
CVE North America, Inc. INSURER C :
109W 27th St., 8th Floor INSURER D :
New York, NY 10011
INSURER E :
INSURER F :
COVERAGES CERTIFICATE NUMBER: REVISION NUMBER:

THIS IS TO CERTIFY THAT THE POLICIES OF INSURANCE LISTED BELOW HAVE BEEN ISSUED TO THE INSURED NAMED ABOVE FOR THE POLICY PERIOD
INDICATED. NOTWITHSTANDING ANY REQUIREMENT, TERM OR CONDITION OF ANY CONTRACT OR OTHER DOCUMENT WITH RESPECT TO WHICH THIS
CERTIFICATE MAY BE ISSUED OR MAY PERTAIN, THE INSURANCE AFFORDED BY THE POLICIES DESCRIBED HEREIN IS SUBJECT TO ALL THE TERMS,
EXCLUSIONS AND CONDITIONS OF SUCH POLICIES. LIMITS SHOWN MAY HAVE BEEN REDUCED BY PAID CLAIMS.

iy TYPE OF INSURANCE NS Wb POLICY NUMBER (MBI YY) | (MIBON YY) LmITS
A | X | COMMERCIAL GENERAL LIABILITY EACH OCCURRENCE s 1,000,000
CLAMSMADE | X | OCCUR 3386420220ES 11/1/2020 | 11/1/2021 | BAMASEIQRENTED ) [s 1,000,000
X | Hired/Non Owned Auto MED EXP (Any one person) s 10,000
PERSONAL & ADV INJURY | $ 1,000,000
GEN'L AGGREGATE LIMIT APPLIES PER: GENERAL AGGREGATE $ 2,000,000
POLICY 5B Loc PRODUCTS - COMP/OP AGG | $ 2,000,000
OTHER: HNO Auto s 1,000,000
AUTOMOBILE LIABILITY &%“g'g’é’i\é'gﬁtf"NGLE LIMIT $
ANY AUTO BODILY INJURY (Per person) | $
OWNED SCHEDULED
AUTOS ONLY AUTOS BODILY INJURY (Per accident) | $
HIRED NON-OWNED PROPERTY DAMAGE
|| AUTOS ONLY AUTOS ONLY | (Per accident) $
$
A | X | UMBRELLA LIAB X | occur EACH OCCURRENCE s 10,000,000
EXCESS LIAB CLAIMS-MADE 3386420320ES 11/1/2020 | 11/1/2021 AGGREGATE s 10,000,000
DED ‘ ‘ RETENTION $ $
WORKERS COMPENSATION PER OTH-
AND EMPLOYERS' LIABILITY vIN STATUTE ‘ ER
ANY PROPRIETOR/PARTNER/EXECUTIVE E.L. EACH ACCIDENT $
OFFICER/MEMBER EXCLUDED? N/A
(Mandatory in NH) E.L. DISEASE - EA EMPLOYEE| $
If yes, describe under
DESCRIPTION OF OPERATIONS below E.L. DISEASE - POLICY LIMIT | $
B |Pollution Liability ENP000458601 6/1/2020 6/1/2021 |Ea. Poll Condition 1,000,000
B |Pollution Liability ENP000458601 6/1/2020 | 6/1/2021 |aggregate 2,000,000

DESCRIPTION OF OPERATIONS / LOCATIONS / VEHICLES (ACORD 101, Additional Remarks Schedule, may be attached if more space is required)

Issued as Evidence of Insurance

CERTIFICATE HOLDER

CANCELLATION

Issued as Evidence of Insurance

SHOULD ANY OF THE ABOVE DESCRIBED POLICIES BE CANCELLED BEFORE

THE EXPIRATION DATE THEREOF, NOTICE WILL BE DELIVERED IN
ACCORDANCE WITH THE POLICY PROVISIONS.

AUTHORIZED REPRESENTATIVE

fi Rodtel

ACORD 25 (2016/03)

© 1988-2015 ACORD CORPORATION. All rights reserved.

The ACORD name and logo are registered marks of ACORD
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Operations and Maintfenance Plan

Clermont Way, Freetown, MA
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Changing Visions of Energ

CVE is committed to minimizing impact on the land containing the site of the PV array. CVE and its contractors
are highly experienced in minimizing the footprint of our solar sites and are enthused to work with local
authorities to develop a comprehensive plan to stabilize, inspect, and maintain the land at our construction sites
as thoroughly as possible after project completion through the methods described in this O&M Plan.

Environmental Maintenance

e Periodic inspections of the perimeter fence, solar array, and connecting infrastructure will be made by
the maintenance contractor.

e Repairs to the security fence, including fence within the 100-foot buffer zone to wetlands, shall be made
as needed.

e Erosion in access roads shall be repaired and stabilized.

e Fence panels shall be raised approximately 6-inches off the ground to permit movement of ground
dwelling animals.

e Access roads shall be maintained.

e Culverts shall be maintained as necessary, including cleaning or replacement.

e Tall vegetation surrounding the solar array and within the new utility right-of-way will be maintained to
prevent shading of the array and the obstruction of the overhead electrical wires, respectively.

e Mowing will occur approximately once per year under and around the solar array.

e Similarly, invasives and other unwanted plants in the trim zone (shade management area) will be tagged
by a botanist using either orange or green flagging and thus so removed. Native plants that reach a
height of more than 12-15’ may also be flagged for removal from the trim zone at any point if they
threaten to shade any portion of the solar array. All native vegetation under 10’ height found anywhere
in the trim zone will be left undisturbed, unless necessary for safety, equipment access or maintenance
of other areas.

Below is a list of the Environmental Maintenance practices that will take place detailing their frequencies.

Scope of the Environmental Maintenance Services Frequency

General

Perimeter fence inspection Annual

Repairs to the security fence, including fence within the 100-foot buffer zone to wetlands | Annual

Access road erosion inspections Annual

Access road repair (Hand Tools only) Per occurrence
Access road repair (Heavy Machinery) Per occurrence
Culvert Inspection Annual

Culvert cleaning Per occurrence
Culvert repair Per occurrence
Tall vegetation inspection Annual

Tall vegetation maintenance Per occurrence

CVE North America, Inc.

* 109 W. 27t Street « 8 Fl «
* New York, NY 10001

*© www.cvegroup.com/en
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Changing Visions of Energy

Mowing Biannual

Trim Management Area inspection Annual

Corrective Maintenance

CVE North America subcontracts Corrective Maintenance measures to NABCEP certified Licensed Electricians
like PVPros, Engie, SMA, and local firms. To maintain our 99% availability company goal, we work with our
maintenance providers to adhere to time-based response guarantees. Below is the scope of our typical
corrective maintenance duties.

Estimated # of
Corrective Maintenance Services occurrences per

20 years

Modules and Module Wiring

Replacement 20

Ground fault troubleshooting 5

Replacement 10
Fuse replacement 20

Medium Voltage gear

Replacement

Road maintenance

Regrade/compact 0-1

Preventive Maintenance

In order to guarantee the durability and quality of the plant over time, preventive maintenance visits are
organized multiple times per year on each site. This visit, carried out by specialized technicians, includes the
interventions listed below.

Scope of the Preventive Maintenance Services Frequency
General
General Visual inspection Biannual
General cleaning of the PV System from waste Biannual
Checking of the general condition of the building Annual
Checking water seepage Annual
Visual inspection and/or maintenance of the road with hand tools only Annual

CVE North America, Inc.

* 109 W. 27t Street « 8 Fl «
* New York, NY 10001

° www.cvegroup.com/en
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Changing Visions of Energy

Maintenance of the road with heavy machinery

Per occurrence

Visual inspection of earthing, Riso measurement and continuity check of grounding Annual
Visual inspection, internal and external cleaning Annual
Checking the correct ventilation of the equipment and filter cleaning Annual
Checking cables for tight connections Annual
Checking alarms from local display and coherence with the monitoring system Annual
Checking for overheating point with thermal imaging camera (where permitted by Annual
manufacturer)
Control of protection devices of the inverters Annual
String Boxes ‘
Visual inspection inside and outside Annual
Measurement of load current and unload voltage of all strings (check coherence with Annual
monitoring)
Continuity of string fuses Annual
Grounding condition checking Annual
Re-tighten the panel protection device screws, ring terminal Annual
Checking surge arrestors conditions Annual
Checking the control panel light and indicators Annual
Checking for overheating point with thermal imaging camera Annual
Low Voltage Cabinet and Distribution Panels ‘
External visual inspection: integrity, hardware, network connections to earth Annual
Internal visual inspection and cleaning Annual
Checking internal components Annual
Checking cables for tight connections Annual
Checking for possible excessive overheating Annual
Annual

Checking for overheating point with thermal imaging camera

Medium Voltage Switchgear And Energy Measurement

General cleaning of the switchgear (internal and external) Annual
Checking correct electrical and mechanical operation of disconnects and switches Annual
Checking cables for tight connections Annual
Checking of the anticondensation heaters Annual
Checking condition of insulators and bus bars Annual
Greasing lever system Annual

Annual

Checking for possible excessive overheating

CVE North America, Inc.

* 109 W. 27t Street « 8 Fl «
* New York, NY 10001

° www.cvegroup.com/en
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Changing Visions of Energy

Checking for overheating point with thermal imaging camera

Annual

Checking and write down the index of the Energy meter

Annual

Checking of the operation of the protection with the relay

Checking operation load level of measurement equipment Annual
Checking oil temperature indicator Annual,
Testing of gas, pressure, temperature relay on oil transformer Annual

Annual

Checking for overheating point with thermal imaging camera
Racking
Inspection of the elements that make up the foundation, checking for damage or cracks on

Oil analysis Every 2 years
Checking moisture content of power transformer oil Annual
Checking status of current equipment for motor control Annual
Checking Status of power transformer protection Annual
Checking sealing of all joints of the power transformer Annual
Checking the heating elements functioning of the power transformer. Annual
General cleaning Annual
Annual

Checking of proper grounding of the structure
Solar Modules

100% visual inspection of solar modules. Checking the status of the modules (glass, frame),

it Annual
Visual check of the status of the torque marks Annual
Checking of anchor fastening hardware to the structure Annual
Checking for corrosion in the structure Annual

Annual

o . ) Annual
wiring and junction boxes.
Visual check of stability, rigidity and fixing of the modules Annual
Visual check of connectors and cables Annual

Thermography on 100% of solar modules

Every 2 years

Testing of the normal operation of the cameras and detection system

DC Cable

Visual check and tightening of connections, strings, boxes, fuse box switchgear. Annual

Visual inspection of insulation damage, scratches, abrasions, climb cables etc. Annual

Visual inspection of wire management, fixing where necessary Annual

Security System (if applicable)

Maintenance of the control room Annual
Annual

CVE North America, Inc.

* 109 W. 27t Street « 8 Fl «
* New York, NY 10001

° www.cvegroup.com/en
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Changing Visions of Energy

Fence

Checking of alarm system by SMS and e-mail. Annual
Checking the image recording system. Annual
Checking focus, visual field and cleaning the lens of camera. Annual
Checking the configuration of the main operating parameters. Annual

Status checking of perimeter fence and status checking of access gates.

Monitoring / Communication

materials

Visual check of the datalogger and all connection cable Annual
Checking of the events history logging Annual
Connection to the datalogger and check of the parameters and communication with Annual

Changing battery of the UPS (this is only on the DAS)

Every 2 years

Testing of communication with monitoring remote center

Annual

Replacement of batteries of the UPS

General inspection of the elements

Every 2 years

Weather Station ‘

Biannual

Cleaning of the pyranometers

2 times a year

Re-calibration of pyranometers and temperature sensors

Every 2 years

Review the bolt fastenings and check the condition of the supports for the sensors

Modules Cleaning

Cleaning of 100% of the modules

Annual

Per Occurrence

Operations and Maintenance Budget

To account for all corrective, preventive and environmental maintenance required on site, CVE estimates an

annual Operations and Maintenance budget of around $10-15/kW. CVE commits to share annual O&M reports

with the town of Freetown.

NABCEP

CERTIFIED

CVE North America, Inc.

* 109 W. 27t Street « 8 Fl «
* New York, NY 10001

° www.cvegroup.com/en
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21 Observatory Lane, Pocasset, MA 02559
ROBERT M. GRAY, P.W.S,, C.S.E.,R.S. Tel (508) 563-5349 sabatia@comcast.net

January 8, 2021

Mr. Asa Smith

Environmental Scientist
Atlantic Design Engineers, Inc.
39 Pleasant Street

Sagamore, MA 02561

RE: Site Assessment/Wetland Delineation @ 32 Middleboro Road, East Freetown (Assessor
ID: Map 245, Lots 30 & Lots 30-01-30-07

Dear Mr. Smith:

As requested by Atlantic Design Engineers, Inc., Sabatia, Inc. conducted a site assessment and
performed a wetland delineation on December 7, 2020 on a parcel of land off Middleboro Road
(Assessor ID: Map 245, Lots 30 & Lots 30-01-30-07 @ 32 Middleboro Road. The purpose of the
site assessment was to determine the applicability of MGL Chapter 131, Section 40 (The
Massachusetts Wetlands Protection Act) and its regulations @ 310 CRM 10.00 et seq. The
wetland boundary had been previously flagged by Sabatia, Inc. and before Sabatia, Inc. “by
others”. This work was initially performed for an 8-Lot subdivision off the proposed “Clermont
Way”.

Plan of Record:

The Plan of Record (POR) is titled “Wetland Location Plan, for 32 Middleboro Road, Freetown,
Massachusetts 02717”, dated December 18,2020 and with a scale of 1” = 50°, prepared by
Atlantic Design Engineers, Inc. and prepared for CVE North America, Inc. 109 W 27 Street,
8t Floor, New York, NY 10001.

Findings:’

The site assessments revealed that the subject lots are composed of both undeveloped upland

and a bordering vegetated wetland (BYW-310 CMR 10.55) which borders on an intermittent

stream (IS-310 CMR 10.56) and its associated inland bank (IB-310 CMR 10.54). The wetland

resource areas (WRAs) and an associated 100° buffer zone would be subject to the jurisdiction
..of MGL c. 131, s. 40 and any local Wetlands Protection Bylaw (if applicable).

On December 7, 2020, Sabatia, Inc. set wetland flag stations WF-1-1 to WF-1-19, WF-2-1 to
WF-2-14 and WF-3-1 to WF-3-14. Sabatia, Inc. utilized the required “three parameters”
methodology dictated in 310 CMR 10.55 (2a) using “vegetation, soils & hydrology”.

This BVW borders an intermittent stream (IS-310 CMR 10.56) and its associated inland bank
(IB-310 CMR 10.54). The IS had steady flow on the date of the site assessment/wetland
delineation-12-7-2020 (following about a recent 3” rainfall). NOTE: The area delineated does
not show either intermittent or perennial stream courses on the USGS Topo Sheet
(Assawompset Pond/Quad1978/attached). There is therefore no Riverfront (310 CMR 10.58)
associated with these lots. I have also attached the DEP Wetland Change Map and a Soil Map.



Upland Areas:

The upland areas were not assessed by Sabatia, Inc. in the field as there were no areas of
potential wetlands indicated on the DEP Wetland Change Map, Soil or the USGS Topo Sheet.
A previous survey of the land depicts two-foot contours across the upland area with no
depressions indicated. The general slope is downward from elevation 112 to elevation 82 at the
northern PL (where a detention basin was formerly proposed). Furthermore, no potential
wetlands were identified by the prior engineer or surveyor for the approved 2017 Subdivision
project, as evidence by the proposed development plan of the subdivision (attached).

The attached Soil Map indicates the upland areas are underlain by nonhydric soils (307B &
312B) with some possible “hydric” inclusions. I have included a Google Earth picture from
March 31,2005 which depicts a tree canopy in green. This is indicative of evergreens and is most
likely an area forested with white pine (upland tree species).

I would recommend that any suspicious areas within the uplands noted by the Land Survey
team be further evaluated by Sabatia, Inc.

Finally, I have also attached the MNHESP map (rare species) which indicates no portion of the
parcel is within or near the closest mapped Priority Habitat (PH-453).

I would be pleased to walk the parcel with you and/or members of the Freetown Conservation
Commission and/or the Conservation Agent. Please feel free to contact me at 1-508-563-5349 or

by email at sabatia@comcast.net.

Sincerely yours,

Robert M. Gray, SPWS, RS, CSE

Senior Professional Wetland Scientist, #160
Registered Sanitarian (RT), #669

DEP Certified Soil Evaluator (RT), #936

,2\
7" ROBERT M. 2%
, GRAY
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HAZARDOUS MATERIAL ASSURANCE LETTER
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DESIGN ENGINEERS, INC.

March 12, 2021

C. Nils McKay, Planning Technician
Freetown Planning Board

Freetown Town Hall

3 North Main Street

Assonet, MA 02702

Re:  Hazardous Material Assurance Letter
Middleboro Road Solar Project — Site Plan Review Application
32 Middleboro Road, Freetown, MA

Dear Members of the Planning Board:

This letter presents an assurance that the solar panels, transformers and battery storage systems

proposed for the Middleboro Road Solar Project do not contain hazardous materials.

Per the Question and Answer — Ground Mounted Solar Photovoltaic Systems guide from the
Massachusetts Department of Energy Resources, Massachusetts Department of Environmental
Protection and Massachusetts Clean Energy Center dated June 2015, all solar panel materials are:
(1) contained in a solid matrix, (2) insoluble and non-volatile at ambient conditions. Therefore,
releases to the ground from leaching, to the air from volatilization during use, or from panel
breakage, are not a concern. Particulate emissions could only occur if the materials were ground
to a fine dust, but there is no realistic scenario for this occurrence. A excerpt of this guide can be

found attached as Appendix A.

Additionally, there are no hazardous materials to be permanently introduced or stored on the site
as part of the solar panel installation. The solar panels are to be mounted on stationary racking

systems with no movable parts.
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Hazardous Material Assurance Letter

For Middleboro Road Solar Project

March 12, 2021

Examples of panel materials from the proposed solar panels (Q-Cell) have been added in
Appendix C. The electrical transformers contain a non-toxic, biodegradable, vegetable-based
coolant known as Envirotemp FR3 fluid which is not classified as a hazardous material according
to the EPA, OSHA, per the FR3 Fluid product Material Safety Data Sheets (MSDS) &
Environmental FAQs attached as Appendix B. Additionally, solar panel MSDS information (Q-
Cell) can be found attached as Appendix C. MSDS information as well as fire safety and
suppression information to be used on site for the battery storage system is located in Appendix
D. Additional studies regarding Health and Safety Impacts of Solar field by NC State University

and goodcompany can be found in Appendix E.

The proposed battery systems for the project consist of Sungrow Model CS100 Lithium-Ion
Battery Cells that are grouped together into modules placed in outdoor rated enclosures which are
fabricated to include thermal management, racks for battery modules, fire suppression, and various
safety equipment. Additionally, components used in the proposed battery storage system adhere
to all UL, Electrical Permits and National Electrical Code (NEC) standards and the battery system
installations are designed and engineered by licensed electrical engineers in accordance with

NEC/National Fire Protection Association regulations.

Lithium-Ion battery systems are typically designed for a 10-20-year useful life. Lithium-Ion
batteries degrade over time with use and their inherent shelf-life. Upon decommissioning, battery
cells that are no longer usable and will be sent to an appropriate receiving facility for either
recycling or re-purposing. A guide to the recycling of large-scale battery systems can be found in
Appendix D. The MSDS information for the proposed Sungrow Model CS100 Lithium-Ion
Battery Cells can also be found in Appendix D.

If you have any questions, please feel free to contact us at (508) 888-9282.

Very truly yours,
Sincerely,

ATLANTIC DESIGN ENGINEERS, INC.

Richard J. Tabaczynski, P.E.
Vice President
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Appendix A
Question and Answer — Ground Mounted Solar Photovoltaic Systems
Massachusetts Department of Energy Resources
Massachusetts Department of Environmental Protection

Massachusetts Clean Energy Center

June 2015



Questions & Answers

Ground-Mounted Solar Photovoltaic Systems

Westford Solar Park, photo courtesy of EEA

June 2015

Massachusetts Department of Energy Resources

Massachusetts Department of Environmental Protection
Massachusetts Clean Energy Center
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Background

Encouraging increased use of solar photovoltaic (PV) technology, which converts sunlight directly into
electricity, is a key priority for state clean energy efforts. The environmental benefits of solar PV abound.
Unlike conventional fossil fuel power generation (such as coal, gas and oil), generating electricity with
ground-mounted solar PV involves no moving parts, uses no water, and produces no direct emissions of
climate-warming greenhouse gases.

Solar PV environmental and energy benefits, combined with strong incentives available for solar
projects, have significantly increased the use of this technology recently. The Commonwealth’s vibrant
solar industry has a variety of ownership and financing options for Massachusetts residents and
businesses looking to install solar PV systems. Purchasing a solar PV system generally involves upfront
installation and equipment costs, but there are significant upfront and production-based incentives'.

As the Massachusetts clean energy sector grows, the Baker Administration is working to ensure that
solar PV and other clean energy technologies are sited in a way that is most protective of human health
and the environment, and minimizes impacts on scenic, natural, and historic resources.

Purpose of Guide

This guide is intended to help local decision-makers and community members answer common
guestions about ground-mounted solar PV development. Ground-mounted solar PV has many proven
advantages and there has been a steady growth of well received projects in the Commonwealth.
However, these systems are still relatively new and unfamiliar additions to our physical landscape.

This guide focuses on questions that have been raised concerning the installation and operation of
ground-mounted solar PV projects. It provides summaries and links to existing research and studies that
can help understand solar PV technology in general and ground-mounted solar in particular.

Solar PV panels can and are of course also installed on buildings?, car ports or light poles. This guide
focuses on ground-mounted systems since most questions relate to this type of solar installation.

Developed through the partnership of the Massachusetts Department of Energy Resources (DOER), the
Massachusetts Department of Environmental Protection (MassDEP), and the Massachusetts Clean
Energy Center (MassCEC), this guide draws from existing recent literature in the United States and
abroad and is not the result of new original scientific studies. The text was reviewed by the National

Renewable Energy Laboratory (NREL).

As more or new information becomes available, the guide will be updated and expanded accordingly.

'Fora comprehensive overview, start at http://masscec.com/index.cfm/page/Solar-PV/pid/12584
? For an overview of the multiple options for siting PV and buildings in the same footprint, see the Solar Ready
Buildings Planning Guide, NREL, 2009.




Solar PV Projects Are Sited Locally

The siting authority for solar PV projects resides at the local - not the state - level. One purpose of this
guide is to inform and facilitate local efforts to expand clean energy generation in a sustainable way, and
provide a consolidated source of existing research and information that addresses common questions
faced by communities.

As part of the Green Communities Act of 2008, DOER and the Massachusetts Executive Office of Energy
and Environmental Affairs (EOEEA) developed a model zoning by-law/ordinance called “as-of-right
siting” that does not require a special permit. It is designed to help communities considering adoption
of zoning for siting of large-scale solar. This model zoning by-law/ordinance provides standards for the
placement, design, construction, operation, monitoring, modification and removal of new large-scale
ground-mounted solar PV installations. The latest version of the model by-law was published in
December 2014>. It provides useful information that will not be repeated extensively in this guide.

Consider Impacts of Other Possible Developments at Site

Use of land for the purpose of solar photovoltaic power generation should be compatible with most
other types of land usage. However, DOER strongly discourages designating locations that require
significant tree cutting because of the important water management, cooling and climate benefits trees
provide. DOER encourages designating locations in industrial and commercial districts, or on vacant,
disturbed land.

When assessing the impact of new ground-mounted solar arrays, communities and other stakeholders
should carefully consider other types of development that might take place in a particular location if
there was no solar installation. Stakeholders should bear in mind the higher or lower impacts that those
alternatives might have in terms of noise, air pollution or landscape. These alternative impacts fall
outside the scope of this guide, but are relevant when looking at individual projects.

? http://www.mass.gov/eea/docs/doer/green-communities/grant-program/model-solar-zoning.pdf
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Hazardous Materials

The Question: What, if any, health risks do chemicals used to manufacture solar panels and other
devices used in solar PV arrays pose if they are released into the environment?

Bottom Line: Because PV panel materials are enclosed, and don’t mix with water or vaporize into the
air, there is little, if any, risk of chemical releases to the environment during normal use. The most
common type of PV panel is made of tempered glass, which is quite strong. They pass hail tests, and are
regularly installed in Arctic and Antarctic conditions. Only in the unlikely event of a sufficiently hot fire is
there a slight chance that chemicals could be released. This is unlikely because most residential fires are
not hot enough to melt PV components and PV systems must conform to state and federal fire safety,

electrical and building codes.

Transformers used at PV installations, that are similar to the ones used throughout the electricity
distribution system in cities and towns, have the potential to release chemicals if they leak or catch fire.
Transformer coolants containing halogens have some potential for toxic releases to the air if combusted.
However, modern transformers typically use non-toxic coolants, such as mineral oils. Potential releases
from transformers using these coolants at PV installations are not expected to present a risk to human
health.

More Information: Ground-mounted PV solar arrays are typically made up of panels of silicon solar cells
covered by a thin layer of protective glass, which is attached to an inert solid underlying substance (or
“substrate”). While the vast majority of PV panels currently in use are made of silicon, certain types of
solar cells may contain cadmium telluride (CdTe), copper indium diselenide (CIS), and gallium arsenide
(GaAs).

All solar panel materials, including the chemicals noted above, are contained in a solid matrix, insoluble
and non-volatile at ambient conditions, and enclosed. Therefore, releases to the ground from leaching,
to the air from volatilization during use, or from panel breakage, are not a concern. Particulate
emissions could only occur if the materials were ground to a fine dust, but there is no realistic scenario
for this. Panels exposed to extremely high heat could emit vapors and particulates from PV panel
components to the air. However, researchers have concluded that the potential for emissions derived
from PV components during typical fires is limited given the relatively short-duration of most fires and
the high melting point (>1000 degrees Celsius) of PV materials compared to the roof level temperatures
typically observed during residential fires (800-900 degrees Celsius). In the rare instance where a solar
panel might be subject to higher temperatures, the silicon and other chemicals that comprise the solar
panel would likely bind to the glass that covers the PV cells and be retained there.

Release of any toxic materials from solid state inverters is also unlikely provided appropriate electrical
and installation requirements are followed. For more information on public safety and fire, see the
Public Safety section of this document.

We should also note that usually the rain is sufficient to keep the panels clean, so no extra cleaning in
which cleaning products might be used, is necessary.



Resources:

Fthenakis, V.M., Overview of Potential Hazards in Practical Handbook of Photovoltaics: Fundamentals
and Applications, General editors T. Markvart and L. Castaner, to be published by Elsevier in 2003.

Fthenakis, V.M. Life cycle impact analysis of cadmium in CdTe PV production. Renewable and
Sustainable Energy Reviews 8, 303-334, 2004.

Fthenakis V.M., Kim H.C., Colli A., and Kirchsteiger C., Evaluation of Risks in the Life Cycle of
Photovoltaics in a Comparative Context, 21st European Photovoltaic Solar Energy Conference, Dresden,
Germany, 4-8 September 2006.

Moskowitz P. and Fthenakis V., Toxic materials released from photovoltaic modules during fires; health
risks, Solar Cells, 29, 63-71, 1990.

Sherwani, A.F., Usmani, J.A., & Varun. Life cycle assessment of solar PV based electricity generation
systems: A review. Renewable and Sustainable Energy Reviews. 14, 540-544, 2010.

Zayed, J; Philippe, S (2009-08). "Acute Oral and Inhalation Toxicities in Rats With Cadmium Telluride"
(PDF). International journal of toxicology (International Journal of Toxicology) 28 (4): 259-65.
doi:10.1177/1091581809337630. PMID 19636069. http://ijt.sagepub.com/cgi/content/short/28/4/259.




Appendix B
Envirotemp FR3 Material Safety Data Sheet
&
Envirotemp FR3 Fluid — Frequently Asked Questions

Cooper Power Systems



MATERIAL SAFETY DATA SHEET

1. IDENTIFICATION
Envirotemp® FR3® fluid

Envirotemp FR3 fluid is a dielectric fluid intended for use as an insulation and cooling medium in electrical apparatus such as
electrical distribution and power transformers.

Cooper Power Systems
1900 East North Street
Waukesha, Wisconsin 53188-3899 USA

Telephone: +01 262 524 3300
Internet: www.cooperpower.com

Emergency telephone (Chemtrec)
Inside USA: 800 424 9300
Outside USA: +01 703 527 3887

2. COMPOSITION/INFORMATION ON INGREDIENTS

Envirotemp FR3 fluid is a proprietary formulation using food-grade vegetable oils combined with performance-enhancing
additives. All components are listed in the EINECS inventory.

Component Proportion (wt%)

Vegetable oil >98.5
Antioxidant additive <1.0
Cold flow additive <1.0
Colorant <1.0

3. HAZARDS IDENTIFICATION

Envirotemp FR3 fluid is a preparation not classified as dangerous according to Directive 1999/45/EC. Not expected to cause
a severe emergency hazard.

Routes of entry
Eyes: Contact may occur as a result of splash or exposure to mist conditions. May cause irritation and redness.
Skin: Typically non-irritating. In some case, a sensitization to vegetable oils may cause localized redness
Ingestion: May cause gastric irritation.
Inhalation: Exposure may occur as a result of mist exposure. May cause respiratory irritation.

Signs and symptoms of exposure: none known

Medical conditions generally aggravated by exposure: There is a very small risk for an allergic reaction to soybean oil in
persons allergic to soybeans themselves.

4. FIRST AID MEASURES

Inhalation: If inhaled, remove affected person from exposure to mists.

Eye contact: For eye contact, flush the eyes immediately with large amounts of water with the eyelids held away from the
eye to ensure thorough rinsing.
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Skin contact: For skin contact, remove by washing with soap and water. Get medical attention if irritation persists.

Ingestion: If swallowed, observe for signs of stomach discomfort or nausea. If symptoms persist, seek medical help. Do not
induce vomiting.

5. FIRE-FIGHTING MEASURES

Extinguishing media: CO, or dry chemical foam

Special fire fighting procedures: Use approved self-contained breathing apparatus with full facemask and full protective
equipment in confined areas. Use water to keep fire-exposed containers cool. Water spray may be used to flush spills away
from source of ignition. Application of water to flaming oil can cause spreading.

Unusual fire and explosion hazards: Slight when exposed to flame. Can react with oxidizing materials. Clay materials
(Fuller's earth, oil dry products) saturated with Envirotemp FR3 fluid can, under certain conditions, undergo a slow oxidation
that releases heat. If the heat so released cannot escape, it is possible that the temperature may increase and ignite
combustible materials in close contact.

6. ACCIDENTAL RELEASE MEASURES

Steps to take in case material is released or spilled: Contain and control the leaks or spills with non-combustible
absorbent materials such as sand, earth, vermiculite, or diatomaceous earth in drums for waste disposal. Prevent any
material from entering drains or waterways. If the product contaminates waterways, rivers or drains, alert the relevant
authorities in accordance with statutory procedures.

In the USA, spills into navigable waters must be reported to the National Response Center, 800-424-8802

7. HANDLING AND STORAGE

Precautions to take in handling and storage: Avoid extremes of temperature in storage. Store Envirotemp FR3 fluid in
labeled, tightly closed containers in cool, dry, isolated and well-ventilated areas, away from sources of ignition or heat. To
maintain fluid for intended use as an electrical insulating fluid, eliminate exposure to oxygen and moisture.

Intermediate bulk storage container (tote): Prolonged exposure to ultraviolet radiation (sunlight) may affect color.

8. EXPOSURE CONTROLS/PERSONAL PROTECTION

Exposure limit values: TWA (mg/m°)
OSHA' PEL ACGIH 2 TLV
Vegetable oil mists - 10
Vegetable oil mists: total dust 15 -
Vegetable oil mists: respirable fraction 5 -

Hazardous Materials Identification System (HMIS): Health Flammability Physical Hazard
0 1 0

Respiratory protection: Vaporization is not expected at ambient temperature. Therefore, the need for respiratory protection
is not anticipated under normal use conditions and with adequate ventilation. If elevated airborne concentrations above
applicable workplace exposure levels are anticipated, a NIOSH-approved organic vapor respirator equipped with a dust/mist
prefilter should be used. Protection factors vary depending upon the type of respirator used. Respirators should be used in
accordance with OSHA requirements (29 CFR 1910.134). For extreme cases, use of approved supplied-air respiratory
protection may be necessary.

Ventilation: General mechanical ventilation can be used to control or reduce airborne concentrations of oil.

Protective gloves: Use gloves constructed of chemical resistant materials such as neoprene or heavy nitrile rubber if
frequent or prolonged contact is expected. Use heat-protective gloves when handling product at elevated temperatures.

! U.S. Occupational Health and Safety Administration
American Conference of Governmental Industrial Hygienists
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Eye protection: Wear safety glasses or goggles to prevent eye contact. Eye baths should be readily available in the area of
handling Envirotemp FR3 fluid.

Other protective clothing or equipment: Wear regularly laundered coveralls or lab coat to minimize skin exposure.
Workplace hygienic practices: Wash with soap and water after contact. Avoid exposure to mists.
Environmental exposure controls: Have oil-absorbent materials easily available.

9. PHYSICAL AND CHEMICAL PROPERTIES

Appearance and odor: clear light-green liquid with slight vegetable oil odor pH: neutral

Closed cup flash point: 310 - 320°C Autoignition temperature: 401 — 404°C

Boiling point: >360°C Relative density (H,O = 1): 0.92

Vapor pressure (mm Hg): < 0.01 @ 20°C Pour point: -18 to -24°C

Vapor density (air = 1): n/a Evaporation rate (butyl acetate = 1): nil

Solubility in water: negligible; < 0.1% Volatile organic compounds: < 0.001 g/L

Viscosity: 33 - 35 mm?/s at 40°C Miscibility: mixes with other dielectric fluids except silicone

10. STABILITY AND REACTIVITY

Stability: Envirotemp FR3 fluid is stable under normal conditions of use.
Incompatibility (materials to avoid): Avoid contact with strong oxidizing agents.
Hazardous decomposition products: none

Hazardous Polymerization: will not occur

Stabilizers: not required

Hazardous exothermic reaction: Slight when exposed to flame; can react with oxidizing materials. Class Il B liquid. Clay
materials (Fuller's earth, oil dry products) saturated with Envirotemp FR3 fluid can, under certain conditions, undergo a slow
oxidation that releases heat. If the heat so released cannot escape, it is possible that the temperature may increase and
ignite combustible materials in close contact.

11. TOXICOLOGICAL INFORMATION
Carcinogenicity: none  NTP: no IARC monographs: no OSHA regulated: no

Envirotemp FR3 fluid base oils are “generally recognized as safe” (GRAS) by the U.S. Food and Drug Administration and
allowed for human consumption as a food and as a component that is allowed in contact with human food.

12. ECOLOGICAL INFORMATION

Acute oral toxicity (OECD 420 - rats): LDs, >2000 mg/kg

Acute aquatic toxicity (OECD 203 - trout): LCs, >1000 mg/kg; NOAEC >1000 mg/kg
Aquatic biodegradation (OPPTS 835.3110): readily biodegradable, >99%
Biological oxidation demand (5-Day SM5210B): 250 ppm

Chemical oxygen demand (SM5220D): 560 ppm BOD/COD ratio: 45%
Petroleum hydrocarbon content: none

Environmental physical hazard: Envirotemp FR3 fluid shares physical hazards common to all oils such as coating
feathers, fur, and gills.
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13. DISPOSAL CONSIDERATIONS

Recycling: Consult with local used oil recyclers, restaurant grease recyclers, fat rendering companies, or biodiesel
producers.

Hazardous Waste: Envirotemp FR3 fluid itself, when discarded or disposed of, is not a hazardous waste. Envirotemp FR3
fluid from retrofilled electrical equipment may contain residues of earlier fluid(s) in such quantity as to qualify as a hazardous
waste.

Disposal: Incinerate or landfill in accordance with local regulations. Do not pour into drains or waterways.

14. TRANSPORT INFORMATION

Harmonized System Tariff Classification (Schedule B): 1518.00.0000
National Motor Freight Classification (NMFC): 155250
Euro Tariff: 15 18 00 00 00

15. REGULATORY INFORMATION

Envirotemp FR3 fluid itself, when discarded or disposed of, is not listed as a hazardous waste per 40 CFR 261 and is not a
used oil per 40 CFR 279. Envirotemp FR3 fluid is a preparation not classified as dangerous according to Directive
1999/45/EC.

16. OTHER INFORMATION

Technical information available at the Cooper Power Systems website: www.cooperpower.com

This Material Safety Data Sheet has been prepared in order to help the users of Envirotemp FR3 fluid. The data contained
herein is, to the best of our knowledge, accurate as of the date of preparation of this sheet.

Effective Date: June 19, 2008

Patrick McShane
Global Technology Leader — Dielectric Fluids
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Envirotemp® FR3™ Fluid - Frequently Asked Questions (FAQs)

This resource provides answers to frequently asked questions about Envirotemp® FR3™ Fluid regarding Fire
Safety, Environmental, Performance and Commercial considerations.

Q: Why do you claim that FR3™ fluid is so much
safer than mineral 0il? It can still burn, can’t it?

A: Simply put, mineral oil transformer fires are a
daily occurrence. Even a single incident can cost
property owners tens of millions of dollars. CPS has
never received a report of an oil fire involving any of
our fire-resistant fluids.

While the energy from electrical arcing often ignites
mineral oil, (fire point approx. 160° C), numerous
tests by FM Global show that the same arc energy is
not sufficient to ignite dielectric coolants with fire
points at or above 300° C.

With the highest flash and fire points of any
dielectric coolant, (330° and 360° C, respectively). FM
considers it extremely unlikely for a pool fire to
develop for FR3™ fluid. They’re so confident that they
have reduced recommended minimum clearances to
as low as 3 feet.

Q: What other independent agencies have verified
the fire safety of FR3™ fluid?

A: Test results from Factory Mutual Global
Underwriters Laboratories, Doble Engineering and
the US EPA have also verified the key fire safety
properties of FR3™ fluid. It is an FM Approved, UL
Classified fluid for indoor and outdoor installations
per NEC 450-23 and meets the criteria as a “high fire
point fluid” per NESC.

Q: But aren’t dry types safer?

A: Not according to fire incident reports. Dry types,
including cast resins, can and have failed
catastrophically due to flammable vapors produced
by the vaporization of metal. Furthermore, dry types

do not have the preventive maintenance tool of DGA
(Dissolved Gas Analysis) to predict unseen problems.
As mentioned above, there have been no reported oil
fires involving any CPS fire-resistant fluid in its
quarter century of experience. And units that meet
the UL and FM listed transformer requirements help
prevent tank rupture from internal arcing as well.

Q: Does FR3™ fluid auto-ignite if it reaches its 360°
C fire point?

A: No, even at 360° C it will not ignite without an
external ignition source. It is extremely unlikely for
the dielectric coolant in a severely overloaded
transformer to exceed 130° C, so the margin of safety
is very high.

Q: After retrofilling a transformer, what fire safety
concerns should remain due to residual mineral oil?
A: As incredible as it seems, even with a
contamination of up to 7.5% mineral oil, FR3™ fluid
key properties remain unaffected and maintains a
fire point of over 350° C, including maintaining a fire
point rating of over 350°C. (Proper retrofilling should
result in less than 5% residual mineral oil.)

Q: Does the use of FR3™ fluid eliminate the need
for fire safeguards that are required when using
mineral oil?

A: Typically yes, and the savings can be very
substantial. This includes protective barriers like
safety walls, as well as deluge systems and other fire
suppression equipment. It also includes significantly
reducing the minimum clearance distance between
transformers and buildings.
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Q: Our environmental compliance department has
advised us that the US EPA considers all oil to be
equal - with common compliance requirements. Is
that right?

A: Not exactly. There are different requirements for
different jurisdictions of the EPA. For example, FR3™
fluid would be exempt from the Federal Regulation
of Used Oils. Furthermore, within the 2002 edition of
the SPCC (Spill Prevention Control and
Countermeasures), two of the three key
requirements are the same: “volume threshold for
compliance” and the “minimum response time.”

The EPA is considering further revisions as well as
different remediation actions depending on the
volume and site specifics. Remember: SPCC is only
applicable to installations where there is exposure to
navigable waters.

Q: Why should my company use FR3™ fluid in place
of mineral oil if there is no significant relief from
the US EPA SPCC rules.

A: Because it is the right and responsible thing to do.
Since FR3™ fluid-filled transformers have a favorable
life cycle cost and a virtually non-existent potential
for oil fires, why not use a fluid that is much more
friendly to the environment? In a very sensitive OECD

test method, trout fry were exposed to FR3™ fluid for
96 hours; the mortality rate was zero. The
biodegradability rate meets the highest EPA
classification, while mineral oil has the lowest. The
US EPA has verified our environmental claims. Their
document states: “These select mineral oil-based
fluids listed a hydrotreated light naphthenic
petroleum distillate, which is an IARC confirmed
carcinogen.”

Because FR3™ fluid is biobased and made of edible
oils, it meets the intent of the Edible Oil Act of 1995,
this supports current and future environmental
regulatory relief. However, spill reporting and
remediation may still be required by the authorities
having jurisdiction, particularly for large volume
spills into surface water.

Q: One of the conditions needed to meet SPCC
requirements for remediation is that there must be
a visible iridescent sheen on the water. Does FR3™
fluid create a sheen similar to petroleum oils?

A: FR3™ fluid does not create an iridescent sheen.
Unlike mineral oil, it also tends to break up and
disperse rather than maintaining a large-area sheen;
it also biodegrades much faster than mineral oil.
FR3™ fluid is so safe that fish farms actually use
similar edible vegetable oils for feeding.

Q: Which environmental tests for FR3™ fluid were verified by the US EPA?
Table 1: Evaluations of Envirotemp® FR3™ fluid environmental properties and associated test methods.

ENVIRONMENTAL HAZARD
Property Test Method
Toxicity Acute Aquatic OECD 203

Trout

Acute Lethality using Rainbow

Environment Canada

Biodegradation

Ready Biodegradation

(BODS)

Aquatic Biodegradation
Aerobic Aquatic Biodegradation

Biochemical Oxygen Demand

CEC L-33-A-93
OPPTS 835.3100
OPPTS 835.3110
SM 52108
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SITE ASSESSMENT

Property / Test

Method

Total Petroleum Hydrocarbons
Fuel Hydrocarbons

SW-846 Modified 80158

Total Recoverable Petroleum Hydrocarbons
Spectrophotometric

600/4-79/020 418.1

Total Recoverable Oil and Grease
Gravimetric
Spectrophotometric

600/4-79/020 413.1

Target Compound List

600/4-79/020 413.2

Semi-Volatile Organics
Volatile Organics

SW-846 Method 8270C
SW-846 Method 8260B

Toxicity Characteristic Leaching Procedure

7000 series SW-846 Method 1311

3510, 8270 SW-846 Method 1311

5030, 8260 SW-846 Method 1311
Total Threshold Limit Concentration

7000 series SW-846 Methods 6010

ASSESMENT-RELATED PROPERTIES

Property Test Method
Heat of Combustion ASTM D240
Ignitability Pensky-Martens Flash Point SW-846 Method 1010

Setaflash Flash Point

SW-846 Method 1020A

Total Organic Halides (TOX) | Extractable Organic Halides

SW-846 Method 9020B

Leachable Fluoride

600/4-79/020 340.2

Cyanides Reactive Cyanide SW-846 7.3.3
Cyanides in Waste ASTM D5049
Sulfides Reactive Sulfide W-8467.3.4
Sulfides in Waste ASTM D4978
Soil and Waste Ph SW-846 Method 9045C
Specific Gravity SM 2710F
Odor, Color, Appearance ASTM D4979

Q: Do any states provide preferential relief for
FR3™ fluid spills that are not under SPCC
jurisdiction?

A: Most states do not officially address edible oil
spills to soil. Several use “total petroleum
hydrocarbon” (TPH) levels as the basis for
remediation requirements. FR3™ does not register or
test as a TPH. Mineral oil does. While several state
agencies will selectively consider allowing FR3™ fluid
spills to biodegrade naturally, there are some states
that regulate edible oils and petroleum products
equally.

Q: Is there anything in FR3™ fluid that would
negatively impact ground water quality?

A: Although it’s unlikely that the fluid would ever
reach ground water, because of viscosity and other

characteristics, there is nothing that will significantly
affect the quality of the ground water. In fact, the
USDA has conducted studies using vegetable oils to
remediate fertilizer-contaminated well water.

Q: How long will it take for FR3™ fluid to
“disappear” if it is spilled?

A: In EPA testing, FR3™ fluid completely biodegraded
within 28 days. It’s important to note however, as
with any biodegradable material, biodegradation
rate is dependent upon climatic and environmental
conditions.

Q: Does the FM Global Loss Prevention Sheet for
transformers, actually differentiate containment
requirements for FR3™ fluid?
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A: Yes, with FR3™ fluid, as well as other fluids that
are non-toxic and quick to biodegrade, FM allows a
doubling of the threshold volume of other fire-
resistant fluids before containment is required (sites

under SPCC jurisdiction excluded). The US EPA “ETV”
logo on FR3™ fluid-filled transformers assures
compliance with the FM requirement.

Q: I've heard that the oxidation stability of
vegetable oils used in transformers is generally
lower than mineral oil. Is this a significant issue?

A: Thin films of vegetable oil, exposed to heat and air
flow, do oxidize much faster than mineral oil.
However, in ANSI/IEEE standard designs (not the free
breathing type often used in European designs) the
exposure to oxygen is insignificant. Additionally, the
oxidation byproducts of mineral oil are much more
harmful to the performance of a transformer than
those from vegetable oil. FR3™ fluid also contains a
food grade preservative. Accelerated life tests, Doble
Engineering PFVO tests and data from the field all
show FR3™ fluid very suitable for the application.

For more details, please refer to Reference
Information entitled Oxidation Stability of
Envirotemp(r) FR3™ fluid, CPS Document R900-20-2

Q: If FR3™ fluid biodegrades so quickly, should | be
concerned about the potential for this material
breaking down inside the transformer during a
normal product life span?

A: We have no more concern for this than we do with
mineral oil. Even though mineral oil has a much
slower biodegradation rate, it also biodegrades. Even
with transformers lasting 40 plus years,
biodegradation has not been a problem. The internal
conditions for biodegradation are lacking: this
includes free water, unlimited oxygen, oil-eating
microbes and thin layers of fluid.

Q: I've heard that FR3™ fluid-filled transformers
typically produce higher transformer insulation
power factor readings than mineral oil filled units.
Is this a significant concern?

A: No. Insulation power factor readings of new
mineral oil units are sometimes used as an indicator
of moisture content in the insulating paper. For
operating mineral-oil-filled transformers, power
factor readings are an indicator of the amount of
polar contaminants within the insulation system.

It’s important to remember however, that the energy
loss associated with power factor is insignificant
compared to core and winding losses. The more
important application is comparing significant
changes between power factor readings over time.

Because natural ester fluids have inherently higher
dissipation factor values than mineral oils, the
insulation system using the esters will result in
inherently higher power factor values as well. If a
power unit has power factor (p.f.) of 0.5% in mineral
oil, the resulting p.f. with FR3™ fluid would be
approximately double that value. The difference with
distribution transformers would be smaller. The
industry first experienced inherently higher power
factors with askeral transformers; p.f. values on
these units would often reach into the mid-teens,
even for distribution with our performance issues
class.

For more details, please refer to the Reference
Information entitled: Power Factor Discussion, CPS
Document R900-20-1.

Q: I've heard a lot about transformer life extension
using FR3™ fluid. How can it do that? What proof
do you have?

A: The consensus in the industry is that there is a
direct correlation between transformer life and
paper life. Paper aging rate is primarily related to
operating temperature. When paper ages, it
produces moisture and de-polymerizes. This results in
reduced dielectric performance and weaker physical
strength. Once this happens, the transformer is less
tolerant to voltage impulses and through-faults.
Moisture in paper increases the rate of degradation.

FR3™ fluid slows down the aging process in several
ways. First, FR3™ fluid extracts more moisture from
the paper than mineral oil, which has a much higher
moisture saturation value. Second, FR3™ fluid
removes dissolved moisture by hydrolysis. Finally, the
by-product of that process actually provides
additional protection to the aging paper through a

(o TRV TV I R o

P uBL T o



process called transesterification. FR3™ fluid
essentially takes the compounding effect of moisture
out of the aging equation.

IEEE C57 Standards indicate that when a new
insulation system is proposed, it must pass the
accelerated life tests of C57.100. The standard
includes a full scale test using multiple transformers
and a small scale test using multiple samples. The
results of this testing showed the insulation system
with FR3™ fluid out-lasted the mineral oil system (4
to 8 times, at the same operating temperature).
Peer-reviewed technical papers on the remarkable
results of both tests are published by IEEE and are
available from CPS.

Q: Is it correct that FR3™ fluid has limitations due
to cold temperature operation?

A: It depends on the issue. With a -21° C pour point
(similar to R-Temp(r) fluid), FR3™ fluid has higher
temperature limits on power switching than
standard mineral oil. Typical limits when the
switching contacts are immersed in the coolant are -
10°C

Increased viscosity is another issue that needs to be
addressed when handling FR3™ fluid at colder
temperatures. Cold starting units, with continuous
pumping as well as physical jarring of de-energized
transformers, should be avoided when temperatures
are below -21 °C. On the other hand, full load cold
start of distribution transformers, chilled to
temperatures between -40° C and -30° C, showed no
signs of thermal runaway. R-Temp(r) fluid units have
been functioning for Arco Alaska, near the Arctic
Circle, without any reported problems. Many FR3™
fluid units have also been operating in very cold
climates with no reported problems. For operation of
power transformers with LTCs in very cold weather (-
10 °C), we recommend the use of our synthetic ester
fluid, Envirotemp(r) 200 fluid in the LTC chamber. The
pour point of Envirotemp 200 fluid is below -50° C.

Q: | don’t need or want longer life from my
transformers. | want to drive them harder. Can I?
A: Probably. Our proven improved paper aging rate
allows a choice between longer life, higher
overloadability, or a combination. Based on the data
obtained from the C57.100 tests described above,
the temperature rise for equivalent life between the
two insulation systems is 21° C.
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Assuming all the other materials can withstand the
higher operating temperature, and there is no
practical danger to the public regarding touch
temperature, a unit designed with FR3™ fluid can run
at an 86° Crise vs. a 65° C mineral oil designed unit.
This represents approximately a 20% increase in its
rating.

For oil retrofills, the increase is somewhat reduced
due to the higher viscosity of FR3 fluid. The increase
in rating will vary from approximately 14% to 19%,
depending on the transformer size and design.

Q: Does the aging rate of insulating paper in older
mineral oil-filled transformers change after
retrofilling? And, is the aging rate improvement
comparable to that seen in accelerated aging tests
using new units and paper?

A: Yes, the C57.100 small scale tests were performed
using paper initially aged in mineral oil and then
further aged in FR3™ fluid. The aging rate changed
immediately and the water moisture content of the
paper dropped to a low level within 500 hours.

Q: How much life extension can | expect after
retrofilling with FR3™ fluid?

A: While there can be no exact answer to the
question due to many variables, we do know that the
paper aging rate will reduce by a factor between 4 to
8 times. We also know that the moisture level of the
paper will immediately start to drop, improving the
dielectric performance of the paper. After reviewing
our aging data, a major IOU determined that, on
average, the remaining life will at least double.

Q: Are there other benefits in retrofilling besides
insulation life extension?

A: Yes, particularly in the areas of enhanced fire
safety and improved environmental performance. In
comparison to mineral-oil-filled transformers, FM
Global recently reduced the separation distances as
little as one tenth. This is based on their contention
that a pool-oil fire is all but impossible with FR3™
fluid. Other advantages over mineral oil include
reduced tendencies for coking, gassing and sludging.

Q: What is the recommended procedure for
retrofilling?

A: The answer depends on the size, voltage, type of
transformer and permissible down time. We do
recommend contracting the services of a certified
power transformer retrofiller, such as Waukesha
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For small power units, distribution units and for the
initial retrofills, at least, we recommend contacting
CPS Services. Those directly involved with the
retrofilling operation should become familiar with
both the Envirotemp® FR3™ Storage and Handling
Guide, Bulletin No. 99048, and the Envirotemp®
FR3™ Retrofilling Guide, Bulletin No. 00046.

Q: How does CPS warrant retrofills with FR3™ fluid?
A: Currently we offer our standard warranty which
guarantees that our fluid will meet its acceptance
values. The condition of the transformer and the
retrofilling process determines the success of the
retrofill. CPS will also work with you to structure
extended warranties for a premium. Contact the
Fluids Products Group for additional information and
updates.

Q: How does FR3™ fluid perform in LTCs? Are any
special precautions recommended?

A: FR3™ fluid works well as an LTC fluid under most
conditions. It has been tested and approved for use
in the CPS Quik Drive™ LTCs used in voltage
regulators. Tests, under load break operations, have
shown FR3™ fluid to better maintain its dielectric
strength than mineral oil.

There are two precautions: At temperatures below -
10° C, the LTC may not meet its ratings. Either a
temperature sensitive lockout or the application of
the synthetic ester, E-200 is recommended. The other
issue is that many LTC’s, especially the modern units,
tend to be free breathers. We strongly recommend
using E-200 for such designs and making sure that a
moisture desiccant is provided and properly
maintained for either fluid.

Q: If FR3™ reduces paper aging, why not increase
the allowable transformer hot spot temperature
rise for new units?

A: The IEEE standard for distribution transformers is
65° Crise, and in some cases 55/65° C. Since 1999,
CPS has offered FR3™ fluid-filled transformers for
both ratings. In 2004, CPS will offer higher-rise
Envirotran™ products for use in substation and pole
applications where there will be no public contact
potential. Even though IEEE testing with FR3 fluid
indicates that paper ages the same rate at 21° C
higher temperatures than in mineral oil, other
materials need to be analyzed to insure they can also
withstand the higher operating temperatures.

Q: Can we use the same equipment for handling
and processing mineral oil and FR3™ fluid? Are the
fluids miscible? Are any special precautions
recommended?

A: FR3™ fluid is miscible with mineral oil and does
not create the problems associated with trace
contamination of silicone in mineral oil. While it’s
obviously advisable to totally avoid blending of
dielectric materials, it takes more than 7% mineral oil
contamination to reduce the fire point of FR3™ fluid.
It’s especially important to avoid cross
contamination to maintain the exceptional
environmental properties of FR3™ fluid. Flushing the
mineral oil processing equipment and hoses with
FR3™ fluid is recommended. FR3™ fluid is also
miscible with synthetic esters, synthetic
hydrocarbons (PAOs) and R-Temp® fluid.

Refer to Bulletin 99048, Envirotemp® FR3™ Fluid
Storage and Handling Guide, for additional
information.

Q: Is FR3™ fluid compatible with the other
materials used in the transformer?

A: To date, we've concluded that FR3™ fluid has
equal or less effect on conventional transformer
materials than mineral oil. A power transformer
manufacturer has reported similar results with their
materials. Aged, brittle gaskets should be replaced
whenever practical. If not, additional tightening may
be required to seal the gaskets.

Q: Some of our power transformers have
conservators that are free breathing design. Can
we retrofill such units with FR3™ fluid?

A: Although we’ve successfully used FR3™ fluid in
some free-breathing transformers for over 5 years,
we don’t advocate this practice until we have further
data. Units with free-breathing conservators should
be retrofitted with bladders.

Q: Can FR3™ fluid be used to retrofill an askarel
(PCB)-filled transformer?

A: Yes, successful retrofills of askarel transformers
have been reported. However, due to the leaching of
residual PCBs, the environmental attributes of pure
FR3™ fluid are impacted and if enough PCBs leach
from the paper, the unit may still be classified as a
PCB transformer. Also, if the unit was specifically
designed to use the low-viscosity askeral material,
resulting temperature rise (at a given load) will be
higher than that of a retrofilled mineral oil unit.
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Q: We rely on DGA (Dissolved Gas Analysis) as a key
preventive maintenance tool. Can | use the existing
DGA methods with FR3™ fluid?

A: DGA has proven effective with FR3™ fluid for
condition diagnostics. The same fault gasses are
produced. IEEE C57.104 DGA Guide is applicable,
particularly the “condition” and “key gases”
methods. Since we do not have a “reported field
failures” database, or ratio methods for determining

Q: We are not allowed to specify a single source for
transformers. Will you sell FR3™ fluid to other
transformer manufacturers?

A: Yes, just as we have sold R-Temp® fluid to other
manufacturers since 1977.

Q: We are a technologically conservative company
that’s never comfortable being first. Do you have
many current users? When were the first units
installed?

A: The current users list includes hundreds of utilities
(investor-owned, public power and rural co-op) as
well as governmental, commercial, industrial and
institutional end users. Thousands of new and
retrofilled units, from small single phase poles to
substation power transformers, have been
performing flawlessly. While the first field trials
began in 1996, the fluid has been successfully applied
since 1999 in electrical devices from transformers to
transformer/rectifier sets and switchgear to voltage
regulators.

Q: Why is FR3™ fluid so expensive compared to
mineral oil?

A: To minimize health and environmental concerns,
the base oil is a food-grade product. Currently,
production costs to make vegetable oil are higher
due to harvesting, extraction and refining costs. Our
current production volume also prevents us from
approximating the economies of scale that apply to
petroleum products. When you consider the unique

advantages, the total life cycle costs still make FR
fluid a bargain.

type of failure, these diagnostic processes are not
recommended at this time. The same sampling
methods and equipment are appropriate for FR3™
fluid, although the “headspace” is easier and
preferred over the “direct injection” equipment. Since
we do not have any field failures to obtain data from,
the ratio diagnostic methods can not be verified as
applicable for FR3™ fluid.

Q: How can | be sure of product availability?

A: Because the base oils used in FR3™ fluid are “USA
commodity oils,” there is no domestic shortage. The
additives are also USA produced. CPS has been in the
specialty dielectric fluids business since 1976. CPS
fluids has made product availability a top priority.
We have never missed a shipment deadline based on
our standard lead times.

In addition, CPS maintains a sufficient inventory of
FR3™ fluid to provide for emergency needs and short
shipment requirements. Volumes under 1,000 gallons
can be express shipped if necessary.

Q: | understand the technical advantages of the
product, but expect management resistance when
presenting a product with a potentially higher first
cost. What tips can you provide?

A: Using net present value calculations, you can
easily make a strong financial case for converting to
FR3™ fluid. In fact, the payback period is usually less
than 24 months. Cooper Power Systems, in
collaboration with our customers, has developed a
financial calculator to demonstrate the financial
value of FR3™ fluid. This tool is available on CD-ROM
and via the web.
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PRODUCT SAFETY DATA SHEET

Q CELLS SOLAR PV MODULES ARE ARTICLES AS DEFINED BY THE OCCUPATIONAL SAFETY AND HEALTH ADMINISTRATION HAZARD COMMUNICATION
STANDARD (HCS), 29 C.FR. § 1910.1200 AND ARE EXEMPT FROM THE LABELING AND SAFETY DATA SHEETS (SDS) REQUIREMENTS OF THE STANDARD.

Q CELLS provides this product safety data sheet only for convenience of interested parties in the United States of America who are used to the format of safety data
sheets in order to assess the product safety. This product safety data sheet does not replace any other documents provided by Q CELLS such as Safety Information,
Installation and Operation Manual, Packaging and Transport Information, Product Data Sheet as well as Warranty Terms of the respective product.

1. SECTION: IDENTIFICATION

Solar PV modules convert light into electricity. Light-sensitive cells are electrically interconnected in series and sealed between glass and
plastic foils for this purpose. This product safety data sheet is applicable to the following solar PV modules of the Q CELLS brand made by
Hanwha Q CELLS America Inc.:

* Q.PEAK DUO-Gb5, Q.PEAK DUO BLK-G5, Q.PEAK DUO L-G5, Q.PEAK DUO-G5.X, Q.PEAK DUO BLK-G5.X, Q.PEAK DUO L-Gb5.X,

+ Q.PEAK DUO-G6, Q.PEAK DUO BLK-G6, Q.PEAK DUO L-G6, Q.PEAK DUO-G6.X, Q.PEAK DUO BLK-G6.X, Q.PEAK DUO L-G6.X,

* Q.PEAK DUO-G7, Q.PEAK DUO BLK-G7, Q.PEAK DUO L-G7, Q.PEAK DUO-G7.X, Q.PEAK DUO BLK-G7.X, Q.PEAK DUO L-G7.X,

+ Q.PEAK DUO-G8, Q.PEAK DUO BLK-G8, Q.PEAK DUO L-G8, Q.PEAK DUO-G8.X, Q.PEAK DUO BLK-G8.X, Q.PEAK DUO L-G8.X

* Q.PEAK DUO ML-G9, Q.PEAK DUO BLK ML-G9, Q.PEAK DUO XL-G9, Q.PEAK DUO ML-G9.X, Q.PEAK DUO BLK ML-G9.X,
Q.PEAK DUO XL-G9.X

Minor variations within the product families listed above can be identified by a versioning system which replaces character “X” with numerals
of either “1”, “2” or “38” to form G8.1, G6.2 or G7.3 for example. All of these variants as well as the ones with additional suffixes “/TAA” and / or
“+” are covered by this product safety data sheet. This is also true for B-grade modules which have minor optical imperfections. Product
names of these replace “Q.” with “B.LINE”. B-grade modules of Q.PEAK DUO L-G6.2 are named B.LINE PEAK DUO L-G6.2 for example.

Responsible Party as Importer:

Name: Hanwha Q CELLS America Inc.

Address: 400 Spectrum Center Drive, Suite 1400, Irvine, CA 92618, USA
Phone: 1 949 748 59 96

2. SECTION: IDENTIFICATION OF SAFETY RISKS (HAZARDS IDENTIFICATION)

Q CELLS solar PV modules do not pose any risk of hazardous chemicals. Hazard symbols and precautionary hazard statements for hazardous
chemicals are not applicable. No symptoms or effects — neither acute nor delayed - have to be expected when Q CELLS solar PV modules
are handled as stipulated in the Installation and Operation Manual. Q CELLS provides a Safety Information sheet with all modules shipments.
This document contains detailed risk statements and recommendations for installation and operation. Before installing the module, read the
Installation and Operation Manual for Q CELLS modules carefully. You can obtain the complete Installation and Operation Manual from your
retailer.
Attention: Only qualified and authorized specialists may install modules and put them into operation. Keep children and unauthorized per-
sons away from the modules.
Risks:
« Risk of death from electrocution! Solar modules generate electricity and are energized as soon as they are exposed to light.
« In rare cases, solar PV modules - as any other electrical device - can cause fire due to worn electrical contacts which result in electrical
arching.
» Solar PV modules can reach high temperatures which can cause skin burns.
» Sharp edges, corners and broken glass can cause injuries.
« Solar PV modules can cause Injuries due to their weight.
. Falling solar PV modules can cause injuries.
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. Lifting solar PV modules can cause injuries.
For precautionary statements, please refer to the Installation and Operations Manual of the respective product.

MISUSE OR INCORRECT USE OF SOLAR MODULES VOIDS THE LIMITED WARRANTY AND MAY CREATE A SAFETY HAZARD AND RISK
PROPERTY DAMAGE. THIS INCLUDES IMPROPER INSTALLATION OR CONFIGURATION, IMPROPER MAINTENANCE, UNINTENDED USE,
AND UNAUTHORIZED MODIFICATION.

3. SECTION: COMPOSITION /INFORMATION ON INGREDIENTS
Safety data sheets are only required for hazardous chemicals covered by the Hazard Communication Standard (HCS). Solar PV modules

made by Q CELLS are not covered by HCS. The following table provides an overview of materials solar PV modules by Q CELLS are made
of. The values given for the share of weight are targets and can vary for the products covered by this Product Safety Data Sheet.

Component Material Total Share Remark
Aluminum 8% -16% not hazardous
Frame
Silicone <2% not hazardous, see section 8
Glass 60% - 80% not hazardous
Plastics (EVA, PET, PE, PPE,PC) 8% -16% no hazards known
Silicon 2% -4% not hazardous
Laminate
Metals (Aluminum, Copper, Tin) 0.5% - 2.5% not hazardous
Lead <0,1% hazardous
Silver <0,05% not hazardous

4. SECTION: FIRST-AID MEASURES

In case of electrocution:

» Always protect yourself by taking all necessary safety precautions before rescuing persons injured.

« Attention: Stay away from sources of high voltage and leave the rescue to qualified personnel with appropriate personal protection equi-
pment!

« Call emergency rescue services.

» Do not touch live parts. Qualified personnel should shut down the PV system as far as possible - e.g. disconnect the modules at the inver-
ter before uncovering any live electrical parts. Be sure to observe the specified time intervals after switching off the inverter. High voltage
components need time to discharge. Follow OSHA requirements for control of hazardous energy at 29 C.FR. § 1910.147.

« In the event a person is electrocuted or affected by electrical energy of the solar PV module, CALL 911. Before attempting rescue, SHUT-
DOWN THE POWER SOURCE.

» Remove the victim from the power source using only insulated tools ONLY IF CONTACT WITH LIVE ELECTRICAL COMPONENTS CAN
BE PREVENTED.

« Carefully move the injured from the zone of danger.

 After moving to a safe location, check heartbeat, respiration and consciousness of the injured person.

« Apply appropriate life-saving measures (CPR) accordingly before taking care of minor injuries.

» Consult a medical professional even if there are no visible injuries.

. Flush thermal skin burns caused by touching hot surfaces of solar PV modules with cool water. Consult a medical professional.
. Injuries due to sharp edges, corners and broken glass need to be appropriately treated. Consult a medical professional.
. Other types of injuries need to be treated appropriately as well. Consult a medical professional.
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5. SECTION: FIRE-FIGHTING MEASURES

* Q CELLS solar PV modules are fire rated as Class C according to IEC and UL 1703 /UL 61730 as well as Type 1 and 2 according to
UL 1703/UL 61730.

» Q CELLS solar PV modules are extensively tested at the factory to ensure electrical safety of the product before shipment.

* In rare cases, solar PV modules - as any other electrical device — can cause fire due to worn electrical contacts which result in electrical
arching.

« In case solar PV modules which are not part of an array are on fire, USE FIRE EXTINGUISHERS RATED FOR ELECTRICAL EQUIPMENT,
Class C.

« IN CASE A SOLAR PV MODULE ARRAY IS PRESENT, ANY FIRE SHOULD ONLY BE FOUGHT BY PROFESSIONAL FIREFIGHTERS. FIRE-
FIGHTERS NEED TO TAKE PRECAUTIONS FOR ELECTRICAL VOLTAGES UP TO 1,500 VOLTS (DC).

» Some components of the modules can burn. Potential combustion products include oxides of carbon, nitrogen and silicon.

« In case of prolonged fire, solar PV modules may lose their structural integrity.

General recommendations from the below-mentioned reports:

Fire service personnel should follow their normal tactics and strategies at structure fires involving solar power systems, but do so with
awareness and understanding of exposure to energized electrical equipment. Emergency response personnel should operate normally,
and approach this subject area with awareness, caution, and understanding to assure that conditions are maintained as safely as possible.
Care must be exercised during all operations, both interior and exterior.

Responding personnel must stay back from the roofline in the event modules or sections of an array may slide off the roof.

Contacting a local professional PV installation company should be considered to mitigate potential hazards.

Turning off an array is not as simple as opening a disconnect switch. As long as the array is illuminated, parts of the system will remain en-
ergized.

When illuminated by artificial light sources such as fire department light trucks or an exposure fire, PV systems are capable of producing
electrical power sufficient to cause inability to let go from electricity as a result of stimulation of muscle tissue, also known as lock-on
hazard.

Firefighting foam should not be relied upon to block light.

The electric shock hazard due to application of water is dependent on voltage, water conductivity, distance and spray pattern.

It is recommendable to fight fire with water instead of foam if a PV system is present. Salt water should not be used.

Firefighter’s gloves and boots afford limited protection against electrical shock provided the insulating surface is intact and dry. They
should not be considered equivalent to electrical personal protection equipment.

Readers interested in more details may refer to the following reports:

» National Fire Protection Association, Fire Protection Research Foundation report “Fire Fighter Safety and Emergency Response for Solar
Power Systems” issued May 2010, revised October 2013

 Important recommendations from a report called “Firefighter Safety and Photovoltaic Installations Research Project” issued by Underwri-
ters Laboratories on November 29, 2011

6. SECTION: ACCIDENTAL RELEASE MEASURES

This section is not applicable.

7. SECTION: HANDLING AND STORAGE

Before installing the module, read the Installation and Operation Manual for Q CELLS modules carefully. Noncompliance with the instructions
may result in damage and physical injury or death. Only qualified and authorized specialists may install modules and put them into operation.

You can obtain the complete installation manual from your retailer. Details about transport and storage of palletized Q CELLS solar PV mo-
dules can be found in the Packaging and Transport Information of the respective module type.

QCELLS
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Storage, transport and unpacking:

« Store the module dry, well-ventilated and properly secured. The original packaging is not weatherproof.

» Always transport the module in its original packaging.

» Do not stack the modules. This prevents damage of the junction box.

» The module is made of glass. Take great care when unpacking, storing and transporting it.

» Do not subject the module glass to any mechanical stress (e.g. through torsion or deflection). Do not step on the module or place any
objects onto the module.

« Protect both sides of the module against scratching and other damage.

» Carry the module by holding the edges with both hands, or use a glass suction lifter.

» Never lift or carry the module using the module junction box or wiring. Avoid pulling on the wiring at all costs.

8. SECTION: EXPOSURE CONTROLS/PERSONAL PROTECTION

Before installing the module, read the Installation and Operation Manual carefully. Noncompliance with the instructions may result in damage
and physical injury. Only qualified and authorized specialists may install modules and put them into operation. You can obtain the complete
installation manual from your retailer.

« Please follow the valid national regulations and safety guidelines for the installation of electrical devices and systems.

» Please make sure to take all necessary safety precautions.

 Ensure that all personnel are aware of and adhere to accident-prevention and safety regulations.

» For handling of modules wear suitable protective gloves.

» Do not install damaged modules. Ensure that all electrical components are in a proper, dry, and safe condition.

» Do not modify the module (e.g. do not drill any additional holes). Never open the junction box.

» Ensure that modules and tools are not subject to moisture or rain at any time during installation. Only use dry, insulated tools for electrical
work.

« Only connect cables with plugs. Ensure for a tight connection between the plugs. Plugs click together audibly.

» Cover the modules with an opaque material during installation. Cover the modules to be disconnected.

Silicones used in manufacturing release methanol during curing. Once cured, no additional methanol is released during use. Small amounts
of these chemicals may be present in shipping cartons. Upon receipt, open container in a well-ventilated location and allow to stand for 5
minutes before removing units from cartons. Exposures above recommended limits for methanol of 200 ppm eight-hour time-weighted-
average (TWA) will not occur.

9. SECTION: PHYSICAL AND CHEMICAL PROPERTIES

» Physical state: solid
» Voltage: refer to data sheet (below 50 volts for a single module)

Attention: Voltage of single modules add up when modules are electrically connected in series. Q CELLS solar PV modules are designed
and certified for voltages up to 1,000 volts or even up to 1,500 volts. Connection of modules in series is only permitted up to the maximum

system voltage as listed in the applicable data sheet.

» Weight: refer to data sheet
« Solubility in water: insoluble in water

QCELLS
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10.SECTION: STABILITY AND REACTIVITY

Under normal operating conditions as specified in the Product Data Sheet, Q CELLS solar PV modules are chemically stable.

» Q CELLS solar PV modules are tested for salt spray and ammonia resistance according to IEC 61701 and IEC 62716, respectively.

» Q CELLS solar PV modules support ambient operating temperatures from —40°C to +85°C (-40 °F to +185°F).

» Do not install modules above 13.120ft (4000 m) altitude above sea level.

» Some components of the modules can burn. Potential combustion products include oxides of carbon, nitrogen and silicon.

» Do not scratch off dirt. Use a soft cellulose cloth or sponge to carefully wipe off stubborn dirt. Do not use micro fleece wool or cotton
cloths.

» Rinse dirt off with lukewarm water (dust, leaves, etc.)

» Use an alcohol based glass cleaner. Do not use abrasive detergents or tensides.

* Isopropyl alcohol (IPA) can be used selectively to remove stubborn dirt and stains within one hour after it appeared.

« Follow the safety guidelines provided by the IPA manufacturer.

« Do not let IPA run down between the module and the frame or into the module edges.

11. SECTION: TOXICOLOGICAL INFORMATION

Small amounts of methanol may be present inside shipping cartons. Open cartons and allow to vent before removing units. No exposure to
hazardous chemicals will occur when the units are in use.

12.SECTION: ECOLOGICAL INFORMATION

Q CELLS solar PV modules are designed to withstand outdoor operating conditions for 25 years. Biodegradation is not expected due to high
chemical stability of the components.

13.SECTION: DISPOSAL CONSIDERATIONS

Q CELLS solar PV modules should be recycled rather than dumped in a landfill. Raw materials of the product can be recovered by recycling
companies. Disposal must be in accordance with national and local laws and regulations for electric / electronic waste.

14.SECTION: TRANSPORT INFORMATION

Q CELLS solar PV modules can be shipped via standardized container freight. Regulations for hazardous goods do not apply. For further
details, please refer to the Packaging and Transport Information which can be provided as a separate document by Q CELLS.

15.SECTION: REGULATORY INFORMATION

* Q CELLS solar PV modules are tested according to international standards IEC 61215, IEC 61730 as well as US standards UL 1703/
UL 61730.

« Please refer to the Installation and Operation Manual and Product Data Sheet of the respective Q CELLS solar PV module.

16.SECTION: OTHER INFORMATION

 Date of initial creation of this product safety data sheet: July 1, 2016
» Date of last revision: December 01, 2020

Hanwha Q CELLS America Inc.
400 Spectrum Center Drive, Suite 1400, Irvine, CA 92618, USA | TEL +1 949 748 59 96 | EMAIL claims@us.g-cells.com s inquiry@us.g-cells.com | WEB www.g-cells.us

QCeLLS

2020-12_Rev02_NA

Subject to modifications. © Q CELLS Product safety data sheet.



Appendix D

Battery Recycle Policy of Samsung SDI
Battery Material Safety Data Sheet
Fire Suppression Spec Sheets (Apollo, Kentec Electronics, Q-Light, System Sensor)



Appendix A. Disposal Procedures

Article 1. Responsible for Disposal

1. Responsibilities of disposal of ESS are up to customer.

2. Customer can require disposal to Supplier and Supplier shall ask Customer to pay for

’ ~

the disposal.
Supplier shall send a written notice to customer when disposal of ESS is complete.
A. Customer : Disassemble the product for disposal and return the product.
Customer can require disassembly to Supplier and Supplier shall ask
Customer to pay for the disassembly and returning.
B. Supplier : Dispose the product and record/document such disposal

________________________________________________________________________

Article 2. Request for Disposal

1.

If customer wants to dispose his/her ESS with supplier, customer shall inform such to
supplier at least one month earlier. To request disposal of ESS, customer shall provide
the following information to supplier:

A. Installation or purchasing date of one’s ESS product

B. Product code and the number of disposing ESS

C. Desired date of disposal

Supplier shall confirm disposal within 7 days after customer made disposal request to
supplier. If disposal schedule needs to be adjusted, supplier can do so after getting
customer’s agreement. .

3. Customer issues PO for the disposal cost proposed by supplier.

Article 3. Return for Disposal

1.

2.

3.

Once supplier confirms the date of disposal, customer shall disassemble installed ESS
product for return beforehand.

Customer shall return his/her ESS to location designated earlier by supplier on the
disposal date.

Supplier can prepare for ESS’s return and delivery upon request from customer’s PO.

Article 4. Complete Disposal

1. Supplier shall send a written notice to customer when disposal of the product is

complete.
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1. Identification of the substance or mixture and of the supplier

A. GHS product identifier : MODEL CS100 (100Ah capacity)
B. Recommended use of the chemical and restrictions on use
Recommended use : Lithium-Ion battery
Restrictions on use : Use for recommended use only.
C. Supplier
Company name : SAMSUNG SDI Co., Ltd.
Address : 150-20, Gongse-ro, Giheung-gu, Yongin-si, Gyeonggi-do, Korea
Emergency phone number : +82-31-288-4415
Respondent : Cell development department
Fax : Not available
D. Further information
Battery—-System: Lithium-Ion (Li-ion)
Voltage: 3.68V

Anode (negative electrode): based on intercalation graphite
Cathode (positive electrode): based on lithiated metal oxide (Cobalt, Nickel, Manganese)

Remark:

The information and recommendations set forth are made in good faith and believed to
be accurate as of the date of preparation. SAMSUNG SDI Co., Ltd. makes no warranty,
expressed or implied, with respect to this information and disclaims all liabilities from

reliance on it.

2. Hazards identification

% This is a product that fulfills a certain function in solid state with specific shape without discharging any
chemical substance in its use and has no obligation to write (M)SDS. Since this document contains the pre
cautions for safe handling related to its materials or chemical substances consisting of this product, please
note that these overall information is irrelevant to this product.

A. GHS classification of the substance/mixture
Not classified according to OSHA 29 CFR 1910.1200
B. GHS label elements, including precautionary statements
Pictogram and symbol :
Not applicable
Signal word :
Not applicable
Hazard statements :
Not applicable
Precautionary statements
Precaution :
Not applicable



Treatment :
Not applicable
Storage :
Not applicable
Disposal :
Not applicable
C. Other hazard information not included in hazard classification :
— Empirical data on effects on humans : If appropriately handled and if in accordance
with the general hygienic rules, no damages to health have become known.
— There is no hazard when the measures for handling and storage are followed.
— In case of cell damage, possible release of dangerous substances and a flammable gas
mixture.

3. Composition/information on ingredients

. Common Content
Chemical Name CAS number EC number
Name(Synonyms) (%)
Cobalt lithium manganese .
Not available 182442-95-1 695-690-9 23~30

nickel oxide

1-methyl-2-pyrrolidone 1-methylpyrrolidin—-2-one 872-50-4 212-828-1 15~23

Graphite Grafito 7782-42-5 231-955-3 10~20
Aluminium Al 7429-90-5 231-072-3 10~16
Copper Cu 7440-50-8 231-159-6 2~10
Trade secret 1 Trade secret Trade secret Trade secret 1~10
Trade secret 2 Trade secret Trade secret Trade secret 1~10
Trade secret 3 Trade secret Trade secret Trade secret 1~5

Lithium Nickel Cobalt

Aluminium oxide

LNCA 177997-13-6  700-042-6 1~3

Trade secret 4 Trade secret Trade secret Trade secret 1~3



Aluminium oxide Activated Alumina 1344-28-1 215-691-6 1~3

Carbon black Carbon 1333-86-4 215-609-9  0.1~0.99

4. First aid measures

X General information

The following first aid measures are required only in case of exposure to interior battery
components after damage of the external battery casing. Undamaged, closed cells do not
represent a danger to the health.
A. Eye contact
- In case of contact with substance, immediately flush eyes with running water at least
20 minutes.
B. Skin contact
- In case of contact with substance, immediately flush skin with running water at least
20 minutes.
- Remove and isolate contaminated clothing and shoes.
- Wash contaminated clothing and shoes before reuse.
- Get immediate medical advice/attention.
C. Inhalation
— Specific medical treatment is urgent.
- Move victim to fresh air.
— Administer oxygen if breathing is difficult.
D. Ingestion
- Do not let him/her eat anything, if unconscious.
- Get immediate medical advice/attention.
E. Indication of immediate medical attention and notes for physician
- Ensure that medical personnel are aware of the material(s) involved and take
precautions to protect themselves.
F. Most important symptoms and effects, both acute and delayed
Not available

5. Fire fighting measures

A. Suitable (and unsuitable) extinguishing media
- When the scale of the fire is small, use a HFC (hydrofluorocarbon) clean—agent fire
extinguisher or alcohol resistant foam fire extinguishers. (In case of battery overheating,
wear protective gear and immerse heated battery in water)
- In case of large fire, use large amount of water to extinguish.

B. Specific hazards arising from the chemical
- Flammable gas leaks before ignition and then the product ignites.

C. Special protective equipment and precautions for fire—fighters



— The ignited battery has a high temperature, so there is a risk of additional ignition
even if the fire is extinguished at early stage. Sprinkle a large amount of water until the
battery temperature drops to normal temperature.

— If the battery is ignited in multi—stacked condition, multi—stack should be disassembled
and then extinguished so that heat is not transferred between batteries

- In the event of a battery fire, cool it by spraying water directly on the battery.

— When handling a overheated battery, wear heat—-resistant protective equipment.

6. Accidental release measures

A. Personal precautions, protective equipment and emergency procedures
- Eliminate all ignition sources.
- Stop leak if you can do it without risk.
- Please note that materials and conditions to avoid.
- Ventilate the area.
- Do not touch or walk through spilled material.
B. Environmental precautions and protective procedures
- Prevent entry into waterways, sewers, basements or confined areas.
C. The methods of purification and removal
- With clean shovel place material into clean, dry container and cover loosely; move
containers from spill area.

7. Handling and storage

A. Precautions for safe handling
— Avoid short circuiting the cell.
— Avoid mechanical damage of the cell.
- Do not open or disassemble.
- Please note that materials and conditions to avoid.
- Wash thoroughly after handling.
- Please work with reference to engineering controls and personal protective equipment.
- Be careful to high temperature.
B. Conditions for safe storage
- Storage at room temperature (approx. 20°C) at approx. 20% of the nominal capacity
(OCV approx. 3.5 - 3.6 V).
- Store in a closed container.
- Store in cool and dry place.

8. Exposure controls/personal protection

A. Occupational Exposure limits
ACGIH regulation :
- Cobalt lithium manganese nickel oxide : TWA = 0.2 mg/m° (inhalable particulate
matter, as Ni)(Nickel insoluble inorganic compounds), TWA = 0.1 mg/m® (inhalable
particulate matter, as Ni)(Nickel soluble inorganic compounds), TWA = 0.02 mg/m°® (as



Co)(Cobalt inorganic compounds), TWA = 0.02 mg/m® (respirable particulate matter,
as Mn); 0.1 mg/m® (inhalable particulate matter, as Mn)(Manganese inorganic
compounds)

- Graphite : TWA = 2 mg/m® (all forms except graphite fibers, respirable particulate
matter)

- Aluminium : TWA = 1 mg/m® (respirable particulate matter)(Aluminum, Aluminum
insoluble compounds)

- Copper : TWA = 0.2 mg/m® (Copper fume), TWA = 1 mg/m® (Copper dust and mist,
Copper compounds as Cu)

- Lithium Nickel Cobalt Aluminium oxide : TWA = 0.2 mg/m® (inhalable particulate
matter, as Ni)(Nickel insoluble inorganic compounds), TWA = 0.1 mg/m® (inhalable
particulate matter, as Ni)(Nickel soluble inorganic compounds), TWA = 0.02 mg/m® (as
Co)(Cobalt inorganic compounds), TWA = 1 mg/m? (respirable particulate
matter)(Aluminum insoluble compounds)

- Aluminium oxide : TWA = 1 mg/m® (respirable particulate matter)(Aluminum,
Aluminum insoluble compounds)
- Carbon black : TWA = 3 mg/m?® (inhalable particulate matter)
OSHA regulation :
- Cobalt lithium manganese nickel oxide : TWA = 1 mg/m® (Nickel compounds), C = 5
mg/m® (Manganese compounds)
- Graphite : TWA = 15 mppecf
- Aluminium : TWA = 15 mg/m® (Aluminum metal (as Al), Total dust) ; 5 mg/m®
(Respirable fraction)
- Copper : TWA = 0.1 mg/m® (Copper Fume (as Cu)) ; 1 mg/m® (Dusts and mists (as
Cu), Cotton dust)
- Lithium Nickel Cobalt Aluminium oxide : TWA = 1 mg/m® (Nickel compounds)
- Aluminium oxide : TWA = 15 mg/m® (Total dust) ; 5 mg/m® (Respirable fraction)
- Carbon black : TWA = 3.5 mg/m®
NIOSH regulation :
- Cobalt lithium manganese nickel oxide : TWA = 0.015 mg/m? (Nickel metal and other
compounds, as Ni), TWA = 1 mg/m?, STEL = 3 mg/m?® (Manganese compounds)
- Graphite : TWA = 2.5 mg/m® (resp)
- Aluminium TWA = 10 mg/m® (total) ; 5 mg/m® (resp)
- Copper : TWA = 1 mg/m® (Copper (dusts and mists, as Cu), other copper compounds
(as Cu) except Copper fume)
- Lithium Nickel Cobalt Aluminium oxide : TWA = 0.015 mg/m?® (Nickel metal and
other compounds, as Ni)
- Carbon black : TWA = 3.5 mg/m®
Biological exposure index : Not available
B. Appropriate engineering controls
- Provide local exhaust ventilation system or other engineering controls to keep the
airborne concentrations of vapors below their respective threshold limit value.
C. Personal protective equipment



Respiratory protection :
- Wear NIOSH or European Standard EN 149 approved full or half face piece (with
goggles) respiratory protective equipment when necessary.
- In case exposed to particulate material, the respiratory protective equipments as
follow are recommended.
;facepiece filtering respirator or air—purifying respirator, high—efficiency particulate
air(HEPA) filter media or respirator equipped with powered fan, filter media of
use(dust, mist, fume)
- In lack of oxygen(< 19.5%), wear the supplied—air respirator or self—contained
oxygen breathing apparatus.
Eye protection :
- Wear facepiece with goggles to protect.
- An eye wash unit and safety shower station should be available nearby work place.
- Wear breathable safety goggles to protect from particulate material causing eye
irritation or other disorder.
- An eye wash unit and safety shower station should be available nearby work place.
Hand protection :
- Wear chemical resistant gloves.
- Wear appropriate protective gloves by considering physical and chemical properties
of chemicals.
Body protection :
- Wear appropriate protective chemical resistant clothing.
- Wear appropriate protective clothing by considering physical and chemical properties
of chemicals.

9. Physical and chemical properties

A. Appearance
Description : Solid
Color : Various
B. Odor : Odorless
C. Odor threshold : Not available
D. pH : Not available
E. Melting point/freezing point : Not available
F. Initial boiling point and boiling range : Not available
G. Flash point : Not available
H. Evaporation rate : Not available
I. Flammability (solid, gas) : Not available
J. Upper/lower flammability or explosive limits : Not available
K. Vapor pressure : Not available
L. Solubility (ies) : Insoluble
M. Vapor density : Not available
N. Specific gravity : Not available
O. Partition coefficient: n—octanol/water : Not available
P. Auto ignition temperature : Not available



Q. Decomposition temperature : Not available
R. Viscosity : Not available
S. Molecular weight : Not available

10. Stability and reactivity

A. Chemical stability and Possibility of hazardous reactions
- Stable in general.
- In case of open cells, there is the possibility of hydrofluoric acid and carbon monoxide
release.
- Fire may produce irritating and/or toxic gases.
- Inhalation of material may be harmful.
B. Conditions to avoid
- Ignition sources (heat, sparks or flames)
C. Incompatible materials
- Combustibles
D. Hazardous decomposition products
- No decomposition if stored and applied as directed.
- Irritating and/or toxic gases

11. Toxicological information

% This is a product that fulfills a certain function in solid state with specific shape without discharging any
chemical substance in its use and has no obligation to write (M)SDS. Since this document contains the pre
cautions for safe handling related to its materials or chemical substances consisting of this product, please
note that these overall information is irrelevant to this product.

A. Information on the likely routes of exposure
Not available
B. Information of Health Hazardous
Acute toxicity
Oral : Not classified ( ATEmix = 1684 mg/kg)
- Cobalt lithium manganese nickel oxide : Rat LDsg > 2000 mg/kg(NCIS)
- I-methyl-2-pyrrolidone : Rat LDso = 4150 mg/kg(OECD Guideline 401)
- Graphite : Rat LDso > 2000 mg/kg(OECD Guideline 423, GLP)
- Aluminium : Rat LDsp > 15900 mg/kg(Read-across)(OECD Guideline 401)
- Copper : Rat LDsp = 481 mg/kg(OECD Guideline 401, GLP)
- Trade secret 1 : Rat LDso = 10,400 mg/kg(OECD Guideline 401)
- Trade secret 2 : Rat LD50 > 5,000 mg/kg(OECD Guideline 401, GLP)
- Trade secret 3 : Rat LD50 > 5,000 mg/kg(male/female)(OECD Guideline 401, GLP)
- Lithium Nickel Cobalt Aluminium oxide : Rat LD5o > 2000 mg/kg(OECD Guideline
420, GLP)
- Trade secret 4 : Rat LD50 = 50~300 mg/kg(OECD Guideline 423, GLP)
- Aluminium oxide : Rat LDso > 10000 mg/kg(OECD Guideline 401, GLP)
- Carbon black : Rat LDso > 10000 mg/kg(OECD Guideline 401, GLP)
Dermal : Not classified ( ATEmix = 13200 mg/kg)



- l-methyl-2-pyrrolidone : Rat LDsp > 5,000 mg/kg(OECD Guideline 402)
- Copper : Rat LDso > 2000 mg/kg(OECD Guideline 402, GLP)
- Trade secret 1 @ Rat LDso = 2,000 mg/kg(male/female)(OECD Guideline 402, GLP)
- Trade secret 3 : Rabbit LDso > 2,000 mg/kg(male/female)(GLP)
Inhalation : Not classified ( ATEmix > 0.888 mg/L / 4 hr)
- l-methyl-2-pyrrolidone : Rat LCs0 > 5.1 mg/L / 4 hr(OECD Guideline 403)
- Graphite : Rat LCs0 > 2000 mg/m? / 4 hr(OECD Guideline 403, GLP)
- Aluminium : Rat LCs0 > 0.888 mg/L / 4 hr(OECD Guideline 403)
- Copper : Rat LCs0 > 5.11 mg/L / 4 hr(OECD Guideline 436, GLP)
- Trade secret 1 @ Rat LCp = 730 mg/m?® / 8 hr(male/female)(OECD Guideline 403)
- Trade secret 2 : Rat LCs0 > 17.6 mg/L / 4 hr(OECD Guideline 403, GLP)
- Trade secret 3 : Rat LCs0 > 5.36 mg/L / 4 hr(male/female)(OECD Guideline 403,
GLP)
- Aluminium oxide : Rat LCs0 > 2.3 mg/L / 4 hr(OECD Guideline 403, GLP)
- Carbon black : Rat LCo = 4.6 mg/m? / 4 hr(OECD Guideline 403)
Skin corrosion/ irritation : Not classified
- Cobalt lithium manganese nickel oxide : the test material was not irritating.
- 1-methyl-2-pyrrolidone : In the skin irritation test using rabbits, the test material
was not irritating. (OECD Guideline 404)
- Graphite : In the skin irritation test with rabbits, the test material was not irritating.
(OECD Guideline 404, GLP)
— Aluminium : In the skin irritation test using rabbits, the test material was not
irritating. (Read-across)(OECD Guideline 404)
- Copper : In the skin irritation test using rabbits, the test material was not irritating.
(OECD Guideline 404, GLP)
- Trade secret 1 : In the skin irritation test using rabbits, the test material was not
classified. (OECD Guideline 404, GLP)
- Trade secret 2 : In the skin irritation test using rabbits, the test material was not
irritating. (OECD Guideline 404, GLP)
- Trade secret 3 : In the skin irritation test using rabbits, the test material was not
irritating. (OECD Guideline 404)
- Lithium Nickel Cobalt Aluminium oxide : In the skin irritation test using rabbits, the
test material was corrosive. (an exposure period of 1-hour)(OECD Guideline 404,
GLP)
- Trade secret 4 : In the skin irritation test using human skin model, the test material
was corrosive. (EU Method B.40, GLP)
- Aluminium oxide : In the skin irritation test using rabbits, very slight erythema was
observed. it would not lead to classification.(2/12)(OECD Guideline 404)
- Carbon black : In the skin irritation test using rabbits, the test material was not
classified. (OECD Guideline 404)
Serious eye damage/ irritation : Not classified
- Cobalt lithium manganese nickel oxide : the test material was not irritating.
- l-methyl-2-pyrrolidone : In the eye irritation test using rabbits, the test material
was irritating. Moderate ocular effects observed, but Corneal and conjunctival effects
were reversible within 14 days and 21 days, respectively. (OECD Guideline 405)
- Graphite : In the eyes irritation test with rabbits, the test material was slightly
irritating. it was fully reversible within 7 days. (OECD Guideline 405, GLP)



— Aluminium : In the eye irritation test using rabbits, the test material was not
irritating. (Read-across)
- Copper : In the eyes irritation test with rabbits, the test material was irritating. but
it was fully reversible within 7 days. (OECD Guideline 405, GLP)
- Trade secret 1 : In the eye irritation test using rabbits, the test material was mildly
irritating. (OECD Guideline 405, GLP)
- Trade secret 2 : In the eye irritation test using rabbits, the test material was not
irritating. (OECD Guideline 405, GLP)
- Trade secret 3 : In the eye irritation test using rabbits, the test material was not
irritating. (GLP)
— Lithium Nickel Cobalt Aluminium oxide : In the eye irritation test using The
SkinEthic RHC model consists of transformed human keratinocytes, the test material
was lirritating.
- Trade secret 4 : In the eye irritation test using fertilised brown leghorn chicken
eggs, the test material was severely irritating. (GLP)
- Aluminium oxide : In the eyes irritation test using rabbits, slight erythema was
observed. it would not lead to classification.(OECD Guideline 405)
- Carbon black : In the eye irritation test using rabbits, the test material was not
irritating. (OECD Guideline 405)

Respiratory sensitization : Not classified
— Aluminium : In the respiratory sensitization test using mice, the test material was
not respiratory sensitization. (Read-across)
- Aluminium oxide : In the respiratory sensitization test using rats, this material was
not respiratory sensitizing.(Effects of Asian Sand Dust, Arizona Sand Dust,
Amorphous Silica and Aluminium Oxide on Allergic Inflammation in the Murine Lung,
2008)
— Carbon black : This material has not been tested in animals for sensitisation effects
on the respiratory tract. In humans, no cases of allergies were reported to the
responsible occupational physicians.

Skin sensitization : Not classified
- Cobalt lithium manganese nickel oxide : this material was not skin sensitizing.
(Mouse)
- l-methyl-2-pyrrolidone : In the skin sensitization test using mice, the test material
was not skin sensitizing. (OECD Guideline 429, GLP)
- Graphite : In the skin sensitization test using mice, the test material was not skin
sensitizing. (OECD Guideline 429, GLP)
- Aluminium : In the skin sensitization test using guinea pigs, the test material was
not skin sensitizing.
- Copper : In the skin sensitization test using guinea pigs, the test material was not
skin sensitizing. (OECD Guideline 406, GLP)
- Trade secret 1 : In the skin sensitization test using guinea pigs, the test material
was not classified. (OECD Guideline 406, GLP)
- Trade secret 2 : In the skin sensitization test using guinea pigs, the test material
was not skin sensitizing. (OECD Guideline 406, GLP)
- Trade secret 3 : In the skin sensitization test using guinea pigs, the test material
was not skin sensitizing. (OECD Guideline 406, GLP)



— Lithium Nickel Cobalt Aluminium oxide : In the skin sensitization test using mouse,
the test material was not skin sensitizing. (OECD Guideline 429, GLP)
- Trade secret 4 : In the skin sensitization test using mice, the test material was not
skin sensitizing. (OECD Guideline 429, GLP)
- Aluminium oxide : In the skin sensitization test using guinea pigs, this material was
not skin sensitizing.(Landsteiner / Draize method)
— Carbon black : In the skin sensitization test using guinea pigs, the test material was
not skin sensitizing. (OECD Guideline 406, GLP)
Carcinogenicity : Not classified
— Cobalt lithium manganese nickel oxide :
IARC :
Group 1 (Nickel compounds)
Group 2B (Cobalt and cobalt compounds)
ACGIH:
A1 (Nickel insoluble inorganic compounds),
A3 (Cobalt inorganic compounds)
A4 (Nickel soluble inorganic compounds, Manganese inorganic compounds)
NTP:
K (Nickel compounds)
R (Cobalt compounds)
OSHA:
Present (Nickel compounds, Cobalt compounds)
- Aluminium :
ACGIH: A4 (Aluminum, Aluminum insoluble compounds)
- Lithium Nickel Cobalt Aluminium oxide :
IARC :
Group 1 (Nickel compounds)
Group 2B (Cobalt and cobalt compounds)
ACGIH:
A1l (Nickel insoluble inorganic compounds),
A3 (Cobalt inorganic compounds)
A4 (Nickel soluble inorganic compounds, Aluminum insoluble compounds)
NTP:
K (Nickel compounds)
R (Cobalt compounds)
OSHA:
Present (Nickel compounds, Cobalt compounds)
- Carbon black :
IARC : Group 2B
ACGIH: A3
OSHA: Present
Mutagenicity : Not classified
- Cobalt lithium manganese nickel oxide : Nagative : in vitro test ((Ames test, S.
typhimurium, E. Coli)(Chromosome aberration test, human lymphocyte)
- 1-methyl-2-pyrrolidone : Negative reactions were observed in in vitro
tests(Bacterial Reverse Mutation Assay(OECD Guideline 471), Mammalian Gene



Mutation Test(OECD Guideline 476, GLP) and DNA Damage and/or Repair

Study(OECD Guideline 482, GLP)).

Negative reactions were observed in in vivo tests(Mammalian Erythrocyte

Micronucleus Test(OECD Guideline 474, GLLP) and Mammalian Bone Marrow

chromosome Aberration Test(OECD Guideline 475, GLP)).

- Graphite : Negative reactions were observed in in vitro test(Bacterial Reverse

Mutation Assay(OECD Guideline 471, GLP)).

- Aluminium : Negative reactions were observed in both in vivo (Mammalian

Erythrocyte Micronucleus Test(OECD Guideline 474, GLP)) and in vitro (Mammalian

cell gene mutation test(OECD Guideline 476, GLP)).

- Copper : Negative reactions were observed in in vivo test(mammalian somatic cell

study: cytogenicity/erythrocyte micronucleus(EU Method B.12, GLP)).

- Trade secret 1 : Negative reactions were observed in vitro (Bacterial Reverse

Mutation Assay(OECD Guideline 471, GLP)).

- Trade secret 2 : Negative reactions were observed in vitro (Mammalian

Chromosome Aberration Test (OECD Guideline 473, GLP))

- Trade secret 3 : Negative reactions were observed in in vivo (Mammalian

Spermatogonial Chromosome Aberration Test (OECD Guideline 483, GLP))

— Lithium Nickel Cobalt Aluminium oxide : Negative reactions were observed in in

vitro test(Bacterial Reverse Mutation Assay(OECD Guideline 471, GLP))

- Trade secret 4 : Negative reactions were observed in both in vivo (Mammalian

Erythrocyte Micronucleus Test(OECD Guideline 474)) and in vitro (Bacterial Reverse

Mutation Assay(OECD Guideline 471, GLP)).

- Aluminium oxide : In in vivo test (Mammalian Bone Marrow Chromosome Aberration

Test (OECD Guideline 475)), a positive reation was observed.

- Carbon black : Positive reactions were observed in both in vitro (Chromosomal

aberrations test (OECD Guideline 476, GLP)) and in vivo (ypoxanthine—guanine

phosphoribosyl transferase gene (hprt) mutations in alveolar epithelial cells).
Reproductive toxicity : Not classified

- l-methyl-2-pyrrolidone : In the two—generation reproductive toxicity test with

rats, developmental toxicity was evidenced by increased pup mortality and reduced

body weight gain, including corresponding effects in the investigated organs, in pups

treated at 500/350 mg/kg bw/day. (NOAEL(F) = 160 mg/kg bw/day) (OECD Guideline

416, GLP)

- Graphite : In the reproductive toxicity with rats, there were no significant adverse

effects on reproductive parameters. (OECD Guideline 422, GLP)

— Aluminium : In the reproductive toxicity and developmental toxicity test using rats,

adverse effects were not observed, respectively. (OECD Guideline 422, GLP)(OECD

Guideline 414)

- Copper : In the reproductive toxicity and developmental toxicity test with rats,

there were no significant adverse effects on reproductive parameters and no

evidence of malformations at any doses. (OECD Guideline 416, 414, GLP)

- Trade secret 1 : In the reproductive toxicity test using mouse, adverse effects were

not observed, respectively. (GLP)

In the developmental toxicity test using rabbits, adverse effects were not observed,

respectively. (GLP)



- Trade secret 2 : In the reproductive toxicity and developmental toxicity test using

rats, adverse effects were not observed, respectively. (OECD Guideline 414)

- Trade secret 3 : In the reproductive toxicity test using rats, adverse effects were

not observed, respectively. (OECD Guideline 415, GLP)

In the developmental toxicity test using rabbits, adverse effects were not observed,

respectively. (OECD Guideline 414, GLP)

— Lithium Nickel Cobalt Aluminium oxide : In the reproductive toxicity and

developmental toxicity test with rats, as the 500 mg/kg/day treatment group was

terminated early due to excessive dose level no definitive reproductive effect could

be established. and no effect of treatment was detected on reproduction or offspring

development, at a treatment level up to 150 mg/kg/day. (OECD Guideline 422, GLP)

- Trade secret 4 : In the reproductive toxicity and developmental toxicity test using

rats, adverse effects were not observed, respectively. (OECD Guideline 416,

GLP)(OECD Guideline 414)

— Aluminium oxide : In the reproductive toxicity test using rats, no toxicologically

significant effects were noted. (OECD Guideline 422, GLP)(Read across:

Al(OH)13Cl117(in aqueous solution))

— Carbon black : In the reproductive toxicity and developmental toxicity test using

mice, adverse effects were not observed, respectively. (OECD Guideline 414, GLP)
Specific target organ toxicity (single exposure) : Not classified

- l-methyl-2-pyrrolidone : In the acute oral toxicity test with rats, ataxia and

diuresis(4,150 mg/kg bw) were observed. (OECD Guideline 401)

- Graphite : In the acute oral toxicity test with rats, no signs of discomfort or toxicity

effects. (OECD Guideline 423, GLP)

- Aluminium : In the acute oral toxicity test using rats, adverse effects were not

observed, respectively. (Read—across)(OECD Guideline 401) In the acute inhalation

toxicity test using rats, adverse effects were not observed, respectively. (OECD

Guideline 403)

- Copper : In the acute oral toxicity test with rats, clinical signs observed included

lethargy, prostrate posture, green coloured diarrhoea, voiding few faeces and

moribundity. (OECD Guideline 401, GLP) In the acute inhalation toxicity test with rats,

slight to moderate ataxia, slight to moderate tremor and slight to moderate dyspnoea

were observed. (OECD Guideline 436, GLP)

- Trade secret 1 : In the acute dermal/inhalation toxicity test using rats, adverse

effects were not observed, respectively. (OECD Guideline 402, GLP)(OECD Guideline

403)

- Trade secret 2 : In the acute oral and inhalation toxicity test using rats, ataxia,

hunched posture, lethargy, decreased respiratory rate and laboured respiration are

observed. (OECD Guideline 401, GLP) (OECD Guideline 403, GLP)

- Trade secret 3 : In the acute oral toxicity test using rats, hypoactivity, ataxia and

loss of the righting reflex were observed. (OECD Guideline 401, GLP)

In the acute dermal toxicity test using rabbits, adverse effects were not observed,

respectively. (GLP)

In the acute inhalation toxicity test using rats, adverse effects were not observed,

respectively. (OECD Guideline 403, GLP)



- Lithium Nickel Cobalt Aluminium oxide : In the repeated oral toxicity test with rats,
no signs of systemic tocicity were noted during the observation period. (OECD
Guideline 420, GLP)
- Trade secret 4 : In the acute oral toxcity test with rats, lethargy, hunched posture,
uncoordinated movements, piloerection were observed. (OECD Guideline 423, GLP)
- Aluminium oxide : In the acute oral/inhalation toxicity test using rats, no abnormal
clinical signs were recorded.(OECD Guideline 401/403, GLP)
- Carbon black : In the acute oral toxicity and acute inhalation toxicity test with rats,
adverse effects were not observed, respectively. (OECD Guideline 401, GLP)(OECD
Guideline 403)

Specific target organ toxicity (repeat exposure) : Not classified
- Cobalt lithium manganese nickel oxide : In surviving animals in 50 mg / m’ (3 weeks
recovery group), the minimum degradation / regeneration in lung was observed.
NAOEC (no adverse effect observation) was not decided.(Rat, 6 hr/day, 2 times
exposure, 28 days observation, 2, 10, 50mg / m3, inhalation test, short term - lung
toxicity test)
- 1-methyl-2-pyrrolidone : In the repeated oral toxicity test in 90 days with rats, a
specific target organ for compound-related adverse systemic toxicity was not
identified. (OECD Guideline 408, GLP)
- Graphite : In the repeated oral toxicity test with rats, no signs of discomfort or
toxicity effects. (OECD Guideline 422, GLP) In the repeated inhalation toxicity test
with rats, in the Graphite high—dose group, clearly adverse effects such as markedly
increased incidence of interstitial fibrosis, were seen in the lung. (OECD Guideline
412, GLP)
- Aluminium : "In the repeated oral toxicity toxicity tests using rats, toxicity to
organs was not observed. (Read-across)(OECD Guideline 422, GLP) In the repeated
inhalation toxicity toxicity tests using rats, toxicity to organs was not observed.
(OECD Guideline 413)"
- Copper : In the repeated oral toxicity and inhalation toxicity test using rats, toxicity
to organs was not observed. (EU Method B.26, GLP)(OECD Guideline 412, GLP)
- Trade secret 1 : In the repeated oral toxicity tests using rats, toxicity to organs
was not observed. (OECD Guideline 452)
- Trade secret 2 : In the repeated oral toxicity test using rats, toxicity to organs was
not observed. OECD Guideline 407, GLP)
- Trade secret 3 : In the repeated oral toxicity tests using rats, toxicity to organs
was not observed. (OECD Guideline 408, GLP)
- Lithium Nickel Cobalt Aluminium oxide : In the repeated oral toxicity test with rats,
microscopic changes in the spleen and kidneys seen for animals of either sex at 500
and 150 mg/kg/day and males only at 50 mg/kg/day. The changes identified in the
kidneys of male rats are specific for male rats only and are considered not to
represent “serious damage” to health. (OECD Guideline 422, GLP)
- Aluminium oxide : In the repeated oral toxicity test using rats, no toxicologically
significant effects were noted. (OECD Guideline 422, GLP)(Read across: Aluminium
chloride basic)
In the repeated inhalation toxicity test using rats, Intratracheal injection of aluminium
powder caused nodular pulmonary fibrosis in the lungs of the rats only at the highest
dose administered (100 mg). but Progressive fibrosis was not observed in rats on



inhalation exposure to the powders indicating that the intratracheal instillation mode
of test compound delivery may lead to artifacts not representative of actual inhalation
exposures. (OECD Guideline 413)
— Carbon black : In the sub—chronic inhalation toxicity test using rats, there was clear
evidence of inflammation and some alveolar epithelial cell hyperplasia and fibrosis at
the high exposure group. In the mid—-exposure group there was evidence of
inflammation characterised by accumulation of neutrophils and macrophages within
the alveolar spaces.

Aspiration Hazard : Not available

12. Ecological information

% This is a product that fulfills a certain function in solid state with specific shape without discharging any
chemical substance in its use and has no obligation to write (M)SDS. Since this document contains the pre
cautions for safe handling related to its materials or chemical substances consisting of this product, please
note that these overall information is irrelevant to this product.

A. Ecological toxicity
— Acute toxicity : Not classified (L(E)Cs0 = 0.33 mg/L)
Fish :
- l-methyl-2-pyrrolidone : 96hr=LCs0( Oncorhynchus mykiss) > 500 mg/L (OBBA-
bulletin No. 33, 1975)
- Graphite : 96hr-1LCso(Danio rerio) > 100 mg/L. (OECD Guideline 203, GLP)
- Aluminium : 96hr-LCso(Pimephales promelas) = 1.16 mg/L (GLP)
- Copper : 96hr-LCs0(Oncorhynchus mykiss) = 0.164 mg/L
- Trade secret 1 : 96hr=LCs0(Oncorhynchus mykiss) > 100 mg/L. (OECD Guideline
203, GLP)
- Trade secret 2 : 96hr—-1LCs0(Oncorhynchus mykiss) > 100 mg/L. (OECD Guideline
203, GLP)
- Trade secret 3 : 96hr=LCs0((Danio rerio) = 100 mg/L (OECD Guideline 203, GLP)
- Trade secret 4 @ 96hr—-LCs0(Oncorhynchus mykiss) = 51 mg/L
- Aluminium oxide : 96hr-LCso(Pimephales promeias) = 1.16 mg/L (Read across :
aluminum chloride hexahydrate)(PA/600/4-85/013, GLP)
- Carbon black : 96hr-LCO(Danio rerio) = 1000 mg/L (OECD Guideline 203, GLP)
crustacean :

- l-methyl-2-pyrrolidone : 24hr-ECs0(Daphnia magna) > 1000 mg/L (DIN 38412 Part
11)
- Graphite : 48hr—-ECso(Daphnia magna) > 100 mg/L (OECD Guideline 202, GLP)
- Aluminium : 48hr-LCso(Ceriodaphnia dubia) = 0.72 mg/L. (GLP)
- Copper : 48hr-LCso(Ceriodaphnia dubia) = 0.014 mg/L
- Trade secret 1 : 48hr—-ECso(Ceriodaphnia dubia) = 5,900 mg/L
- Trade secret 2 : 48hr—ECso(Daphnia magna) > 100 mg/L (OECD Guideline 202, GLP)
- Trade secret 3 @ 48hr—ECso(Daphnia magna) > 100 mg/L (OECD Guideline 202, GLP)
- Trade secret 4 : 48hr-LCso(Daphnia magna) > 100 mg/L (OECD Guideline 202, GLP)
— Aluminium oxide : 48hr-LCso(Ceriodaphnia dubia) = 0.72 mg/L (Read across :
aluminum chloride hexahydrate)(EPA/600/4-85/013, GLP)
— Carbon black : 24hr—-ECs0(Daphnia magna) > 5600 mg/L (OECD Guideline 202, GLP)



Algae :
- l-methyl-2-pyrrolidone : 72hr-ECso(Desmodesmus subspicatus) = 600.5 mg/L
(DIN 38412 Part9)
— Graphite : 72hr—ECso(Pseudokirchneriella subcapitata) > 100 mg/L (OECD Guideline
201, GLP)
- Aluminium : 72hr-ECso(Pseudokirchneriella subcapitata) = 0.2 mg/L (OECD
Guideline 201, GLP)
- Copper : 96hr-ECso(Chlamydomonas reinhardtii) = 0.047 mg/L
- Trade secret 1 : 72hr—ECso(Pseudokirchneriella subcapitata) > 100 mg/L (OECD
Guideline 201,GLP)
- Trade secret 2 : 72hr—ECso(Desmodesmus subspicatus) > 62 mg/L (OECD Guideline
201, GLP)
- Trade secret 3 : 72hr—ECso(Pseudokirchneriella subcapitata) > 100 mg/L (OECD
Guideline 201, GLP)
- Trade secret 4 : 96hr—-ECso(Pseudokirchneriella subcapitata) > 100 mg/L (OECD
Guideline 201, GLP)
- Aluminium oxide : 72hr-ECso(Selenastrum capricornutum) = 1.05 mg/L (Read
across : Aluminium powder)(OECD Guideline 201, GLP)
- Carbon black : 72hr—-ECso(Desmodesmus subspicatus) > 10000 mg/L (OECD
Guideline 201, GLP)

— Chronic toxicity : Not classified

Fish :
- Aluminium : 33day—-NOEC(Danio rerio) = 0.0715 mg/L (OECD Guideline 210, GLP)
- Copper : 30day-NOEC(Perca fluviatilis) = 0.188 mg/L (OECD Guideline 204)
- Trade secret 4 : 22day-NOEC(Pimephales promelas) = 0.2 mg/L (EPA 540/86, GLP)
- Aluminium oxide : 33day-NOEC(Brachydanio rerio) = 0.0715 mg/L (OECD Guideline
210, GLP)(Read across : reagent grade aluminum nitrate nonahydrate)

crustacean :
- 1-methyl-2-pyrrolidone : 21day-NOEC = 12.5 mg/L (OECD Guideline 211, GLP)
- Aluminium : 28day-NOEC(Hyalella azteca) = 0.0531 mg/L (GLP)
- Copper : 14day-NOEC(Penaeus mergulensis and Penaeus monodon (prawns) =
0.033 mg/L
- Trade secret 3 : 21day-NOEC(Daphnia magna) = 25 mg/L (OECD Guideline 211,
GLP)
- Trade secret 4 : 7day-NOEC(Ceriodaphnia dubia) = 2.55 mg/L (EPA/600/4-91/002)
- Aluminium oxide : 17day-NOEC(Aeolosoma sp.) = 0.9625 mg/L (GLP)(Read across:
Aluminum nitrate nonahydrate)

Algae :
- 1-methyl-2-pyrrolidone : 72hr-ECso(Desmodesmus subspicatus) = 672.8 mg/L
(DIN 38412 Part9)
- Graphite : 72hr—-NOEC(Pseudokirchneriella subcapitata) = 100 mg/L (OECD
Guideline 201, GLP)
- Copper : 19day-NOEC(Macrocystis pyritera) = 0.0102 mg/L
- Trade secret 1 : 72hr—-NOEC(Pseudokirchneriella subcapitata) = 100 mg/L (OECD
Guideline 201,GLP)
- Trade secret 2 @ 72hr—-NOEC(Desmodesmus subspicatus) = 62 mg/L (OECD
Guideline 201, GLP)



- Trade secret 4 : 96hr—-NOEC(Pseudokirchneriella subcapitata) = 22 mg/L. (OECD
Guideline 201, GLP)
- Aluminium oxide : 72hr—-NOEC(Selenastrum capricornutum) = 0.28 mg/L (Read
across : Aluminium powder)(OECD Guideline 201, GLP)
- Carbon black : 72hr-NOEC(Desmodesmus subspicatus) > 10000 mg/L (OECD
Guideline 201, GLP)
B. Persistence and degradability

Persistence :
- 1-methyl-2-pyrrolidone : Low persistency (log Ko is less than 4 estimated.) ( log
Kow = —0.46 )
- Trade secret 1 : Low persistency (log Kow is less than 4 estimated.) ( log Kow
0.11) (20 °C, 5.33 < pH £ 5.79)
- Trade secret 2 : Low persistency (log Koy is less than 4 estimated.) ( log Kow =
0.972 ) (40 °C, EU Method A.8, GLP)
- Trade secret 3 : Low persistency (log Koy is less than 4 estimated.) ( log Kow =
0.354 ) (20°C, 6.5 < pH < 7.5)
- Trade secret 4 : Hydrolysis readily in contact with water. According to this it was
not possible to determine the partition coefficient. (OECD Guideline 107, GLP)

Degradability :

- Cobalt lithium manganese nickel oxide : Because it is an inorganic substance, it is

not decomposed.
C. Bioaccumulative potential

Bioaccumulation :
- 1-methyl-2-pyrrolidone : Bioaccumulation is expected to be low according to the
BCF < 500 ( BCF = 3.162 ) (estimated)
- Trade secret 3 : Bioaccumulation is expected to be low according to the BCF < 500
(BCF <3.2)
- Trade secret 4 : Bioaccumulation is expected to be low according to the BCF < 500
(BCF =53~58)

Biodegradation :
- l-methyl-2-pyrrolidone : As well-biodegraded, it is expected to have low
accumulation potential in living organisms(73% biodegradation was observed after 28
days) (OECD Guideline 301C)
- Trade secret 1 : As well-biodegraded, it is expected to have low accumulation
potential in living organisms(86% biodegradation was observed after 29 days) (OECD
Guideline 301B)
- Trade secret 2 : As well-biodegraded, it is expected to have low accumulation
potential in living organisms(98% biodegradation was observed after 28 days) (GLP)
- Trade secret 3 : As well-biodegraded, it is expected to have low accumulation
potential in living organisms(86% biodegradation was observed after 28 days) (OECD
Guideline 301C)

D. Mobility in soil :

- l-methyl-2-pyrrolidone : No potency of mobility to soil. (Ko. = 4.65) (estimated)

- Trade secret 1 : No potency of mobility to soil. (Kye = 11.9)

- Trade secret 2 : No potency of mobility to soil. (K, = 1.58) (OECD Guideline 121,

GLP)



- Trade secret 3 : No potency of mobility to soil. (Ko = 2.9 ~ 6.65) (25 °C)
E. Other hazardous effect : Not available
F. Hazardous to the ozone layer : Not applicable

13. Disposal considerations

A. Disposal method :
- Waste must be disposed of in accordance with federal, state and local environmental
control regulations.

B. Disposal precaution :
— Consider the required attentions in accordance with waste treatment management
regulation.

14. Transport information

% If those lithium-ion batteries are packed with or contained in an equipment, then it is the responsibility o
f the shipper to ensure that the consignment are packed in compliance to the latest edition of the IATA Dan
gerous Goods Regulations section II of either Packing Instruction 966 or 967 in order for that consignment
to be declared as NOT RESTRICTED (non-hazardous/non-Dangerous). If those lithium-ion batteries are p
acked with or contained in an equipment, UN No. is UN3481.

A. UN Number : 3480
B. UN Proper shipping name : LITHIUM ION BATTERIES (including lithium ion
polymer batteries)
C. Transport Hazard class : 9
D. Packing group : i
E. Special provisions : 188
F. Packing instructions : P903
G. Environmental hazards : No
H. Special precautions
in case of fire : F-A
in case of leakage : S-1I
I. Transport in bulk according to Annex II of MARPOL 73/78 and the IBC
Code : Not Available
J. IATA Transport : PI 965-Section IB
K. Package labels :

15. Regulatory information

A. U.S.A management information (OSHA Regulation) :



U.S.A Inventory (TSCA)
- Cobalt lithium manganese nickel oxide : Present [PMN; S; 5E] (ACTIVE)
- 1-methyl-2-pyrrolidone : Present [R] (ACTIVE)
— Graphite : Present (ACTIVE)
- Aluminium : Present (ACTIVE)
- Copper : Present (ACTIVE)
- Trade secret 1 : Present (ACTIVE)
- Trade secret 2 : Present (ACTIVE)
- Trade secret 3 : Present (ACTIVE)
- Lithium Nickel Cobalt Aluminium oxide : Present [PMN] (ACTIVE)
- Trade secret 4 : Present [PMN] (ACTIVE)
- Aluminium oxide : Present (ACTIVE)
- Carbon black : Present (ACTIVE)
U.S.A management information (CERCLA Regulation) :
- Copper : 50001b
U.S.A management information (EPCRA 302 Regulation) : Not regulated
U.S.A management information (EPCRA 304 Regulation) : Not regulated
U.S.A management information (EPCRA 313 Regulation) :
- Cobalt lithium manganese nickel oxide : Regulated (Nickel, Cobalt, Manganese
compounds)
- l-methyl-2-pyrrolidone : Regulated
- Aluminium : Regulated (fume or dust)
- Copper : Regulated
- Lithium Nickel Cobalt Aluminium oxide : Regulated (Nickel Compounds, Cobalt
Compounds)
- Aluminium oxide : Regulated (fibrous forms)
Substance of Rotterdam Convention : Not regulated
Substance of Stockholm Convention : Not regulated
Substance of Montreal Protocol : Not regulated

16. Other information

A. Information source and references :
UN Recommendations on the transport of dangerous goods 17th
Emergency Response Guidebook 2008;
http://phmsa.dot.gov/staticfiles/PHMSA/DownloadableFiles/Files/erg2008_eng.pdf
EU CLP; https://echa.europa.eu/information—on—chemicals/cl-inventory—-database
REACH information on registered substances; https://echa.europa.eu/information-on-
chemicals/registered—substances
U.S. National library of Medicine (NLM) Hazardous Substances Data Bank(HSDB);
http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?HSDB
OECD SIDS; http://webnet.oecd.org/hpv/ui/Search.aspx
ECOTOX; http://cfpub.epa.gov/ecotox/
EPISUITE v4.11; https://www.epa.gov/tsca—-screening—tools/download—-epi-suitetm-
estimation—-program-interface-v411
Chemicalbook; http://www.chemicalbook.com/ProductIndex_EN.aspx



LookChem; http://www.lookchem.com/
Chemblink;http://www.chemblink.com/
SIGMA-ALDRICH; http://www.sigmaaldrich.com/united-states.html
Chemspider; http://www.chemspider.com/
IARC Monographs on the Evaluation of Carcinogenic Risks to Humans;
http://monographs.iarc.fr
National Toxicology Program; http://ntp.niehs.nih.gov/results/dbsearch/
TOMES-LOLI®; http://www.rightanswerknowledge.com/loginRA.asp
American Conference of Governmental Industrial Hygienists TLVs and BEIs.
NIOSH Pocket Guide; http://www.cdc.gov/niosh/npg/npgdcas.html

B. Issuing date : 12. JUNE, 2019

C. Revision number and date
revision number : Rev.(00)
date of the latest revision : 12. JUNE, 2019

D. Others :
* The content is based on the latest information and knowledge that we currently
possess.
» This SDS was authored to aid buyer, processor or any other third person who handles
the chemical of subject in the SDS; additionally, it does not warrant suitability of the
chemical for special purposes or the commercial use of statements that approves the use
of it in combination with other chemicals as well as technical or legal liabilities.
e The content of the SDS may vary depending on the country or the region and may not
coincide with the actual regulations. Therefore, the buyer or the processor of the
chemical is responsible for observing responsible government’s or the region’s
regulations.
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reasons, adequate insurancc coveragc is also gencrally a requirement of the bank or firm providing
financing for the project.

1.2.2 Photovoltaic (PV) Technologies
a. Crystalline Silicon

This subsection explores the toxicity of silicon-based PV panels and concludes that they do not
posc a matcrial risk of toxicity to public health and safety. Modern crystalline silicon PV panels, which
account for over 90% of solar PV panels installed today, are, more or less, a commodity product. The
overwhelming majority of pancls installed in North Carolina are crystalline silicon panels that are
informally classified as Tier I panels. Tier I panels are from well-respected manufacturers that have a good
chance of being able to honor warranty claims. Ticr I panels arc understood to be of high quality, with
predictable performance, durability, and content. Well over 80% (by weight) of the content of a PV panel
is the tempered glass front and the aluminum frame, both of which are common building materials. Most
of the remaining portion are common plastics, including polyethylene terephthalate in the backsheet, EVA
cncapsulation of the PV cells, polyphenyl ether in the junction box, and polyethylenc insulation on the
wire leads. The active, working components of the system are the silicon photovoltaic cells, the small
clectrical Icads connccting them together, and to thc wires coming out of the back of the panel. The
electricity generating and conducting components makeup less than 5% of the weight of most panels. The
PV cell itself is nearly 100% silicon, and silicon is the second most common element in the Earth's crust.
The silicon for PV cells is obtained by high-temperature processing of quartz sand (SiOz) that removes its
oxygen molecules. The refined silicon is converted to a PV cell by adding extremely small amounts of
boron and phosphorus, both of which are common and of very low toxicity.

The other minor components of the PV cell are also generally benign; however, some contain lead,
which is a human toxicant that is particularly harmful to young children. The minor components include
an extremely thin antireflective coating (silicon nitride or titanium dioxide), a thin layer of aluminum on
the rear, and thin strips of silver alloy that are screen-printed on the front and rear of cell.” In order for
the front and rear electrodes to make effective electrical contact with the proper layer of the PV cell, other
matenals (called glass frit) are mixed with the silver alloy and then heated to etch the metals into the cell.
This glass frit historically contains a small amount of lead (Pb) in the form of lead oxide. The 60 or 72 PV
cells in a PV panel are connected by soldering thin solder-covered copper tabs from the back of one cell
to the front of the next cell. Traditionally a tin-based solder containing some lead (Pb) is used, but some
manufacturers have switched to lead-free solder. The glass frit and/or the solder may contain trace amounts
of other metals, potentially including some with human toxicity such as cadmium. However, testing to
simulate the potential for leaching from broken panels, which is discussed in more detail below, did not
find a potential toxicity threat from these trace elements. Therefore, the tiny amount of lead in the grass
frit and the solder is the only part of silicon PV panels with a potential to create a negative health impact.
However, as described below, the very limited amount of lead involved and its strong physical and
chemical attachment to other components of the PV panel means that even in worst-case scenarios the
health hazard it poses is insignificant,

As with many electronic industries, the soldcr in silicon PV panels has historically been a lead-
based solder, often 36% lead, due to the superior properties of such solder. However, recent advances in
lead-free solders have spurrcd a trend among PV panel manufacturers to reduce or remove the lead in their
panels. According to the 2015 Solar Scorecard from the Silicon Valley Toxics Coalition, a group that
tracks environmental responsibility of photovoltaic pancl manufacturers, fourteen companies {increased
from twelve companies in 2014) manufacture PV panels certified to meet the European Restriction of



Hazardous Substances (RoHS) standard. This means that the amount of cadmium and lead in the panels
they manufacture fall below the RoHS thresholds, which are set by the European Union and serve as the
world’s de facto standard for hazardous substances in manufactured goods.? The Restriction of Hazardous
Substances (RoHS) standard requires that the maximum concentration found in any homogenous material
in a producc is less than 0.01% cadmium and less than 0.10% lead, therefore, any solder can be no more
than 0.10% lead.®

While some manufacturers are producing PV panels that meet the RoHS standard, there is no
requirement that they do so because the RoHS Directive explicitly states that the directive does not apply
to photovoltaic panels..'® The justification for this is provided in item 17 of the current RoHS Directive:
“The development of renewable forms of energy is one of the Union’s key objectives, and the contribution
made by renewable energy sources to environmental and climate objectives is crucial. Directive
2009/28/EC of the European Parliament and of the Council of 23 April 2009 on the promotion of the use
of energy from renewable sources (4) recalls that there should be coherence between those objectives and
other Union environmental legislation. Consequently, this Directive should not prevent the development
of renewable energy technologies that have no negative impact on health and the environment and that
are sustainable and economically viable.”

The use of lead is common in our modern cconomy. However, only about 0.5% of the annual lead
consumption in the U.S. is for electronic solder for all uses; PV solder makes up only a tiny portion of this
0.5%. Closc to 90% of lead consumption in the US is in batteries, which do not encapsulate the pounds of
lead contained in each typical automotive battery. This puts the lead in batteries at great risk of leaching
into the environment. Estimates for the lead in a singlc PV panel with lead-based solder range from 1.6 to
24 grams of lead, with 13g (less than half of an ounce) per panel seen most often in the literature.'! At 13
g/panel'?, each panel contains one-half of the lead in a typical 12-gauge shotgun shell. This amount
equates to roughly 1/750™ of the lead in a single car battery. Ina panel, it is all durably eneapsulated from
air or water for the full life of the panel. '

As indicated by their 20 to 30-year power warranty, PV modules are designed for a long service
life, generally over 25 years. For a panel to comply with its 25-year power warranty, its internal
components, including lead, must be sealed from any moisture. Otherwise, they would corrode and the
panel’s output would fall below power warranty levels. Thus, the lead in operating PV modules is not at
risk of release to the environment during their service lifetime. In extreme experiments, researchers have
shown that lead can leach from crushed or pulverized panels.'> '* However, more real-world tests
designed to represent typical trash compaction that are used to classify waste as hazardous or non-
hazardous show no danger from leaching. ' '® For more information about PV panel end-of-life, see the
Panel Disposal section.

As illustrated throughout this section, silicon-based PV panels do not pose a material threat to
public health and safety. The only aspect of the panels with potential toxicity concerns is the very small
amount of lead in some panels. However, any lead in a panel is well sealed from environmental exposure
for the operating lifetime of the solar panel and thus not at risk of release into the environment,

b. Cadmium Telluride (CdTe) PV Panels
This subsection examines the components of a cadmium telluride (CdTe) PV panel. Research

demonstrates that they pose negligible toxicity risk to public health and safety while significantly reducing
the public’s exposurc to cadmium by reducing coal emissions. As of mid-2016, a few hundred MWs of



cadmium telluridc (CdTe) pancls, all manufactured by the U.S. company First Solar, have been installed
in North Carolina.

Questions about the potential health and environmental impacts from the use of this PV technology
arc rclated to the concern that these panels contain cadmium, a toxic hcavy metal. However, scientific
studies have shown that cadmium telluride differs from cadmium due to its high chemical and thermal
stability.'” Research has shown that the tiny amount of cadmium in these panels does not pose a health or
safety risk.?® Further, there are very compelling reasons to welcome its adoption due to reductions in
unhealthy pollution associated with burning coal. Every GWh of electricity generated by burning coal
produces about 4 grams of cadmium air emissions.*' Even though North Carolina produces a significant
fraction of our electricity from coal, electricity from solar offscts much more natural gas than coal due to
natural gas plants being able to adjust their rate of production more easily and quickly. If solar eleetricity
offsets 90% natural gas and 10% coal, each 5-megawatt (5 MWac, which is generally 7 MWpc) CdTe
solar facility in North Carolina keeps about 157 grams, or about a third of a pound, of cadmium out of our
environment. > 23

Cadmium is toxic, but all the approximately 7 grams of cadmium in one CdTe panel is in the form
of a chemical compound cadmium telluride, ** which has 1/100™ the toxicity of frec cadmium.?®
Cadmium telluride is a very stable compound that is non-volatile and non-soluble in water. Even in the
case of a fire, research shows that less than 0.1% of the cadmium is released when a CdTe panel is exposcd
to fire. The fire melts the glass and encapsulates over 99.9% of the cadmium in the molten glass.?’

It is important to understand the source of the cadmium used to manufacture CdTe PV panels. The
cadmtium is a byproduct of zinc and lead refining. The element is collected from emissions and waste
streams during the production of these metals and combined with tellurium to create the CdTe used in PV
panels. If the cadmium were not collected for use in the PV panels or other products, it would otherwise
either be stockpiled for future use, cemented and buried, or disposed of. ** Nearly all the cadmium in old
or broken panels can be recycled which can eventually serve as the primary souree of cadmium for new
PV panels.??

Similar to silicon-based PV panels, CdTe panels are constructed of a tempered glass front, one
instead of two clear plastic encapsulation layers, and a rear heat strengthened glass backing (together
>98% by weight). The final product is built to withstand exposure to the elements without significant
damage for over 25 years. While not representative of damage that may occur in the field or even at a
landfill, laboratory evidence has illustrated that when panels are ground into a fine powder, very acidic
water is able to leach portions of the cadmium and tellurium, *® similar to the process used to recycle CdTe
panels. Like many silicon-based panels, CdTe panels are reported (as far back ask 1998%') to pass the
EPA’s Toxic Characteristic Leaching Procedure (TCLP) test, which tests the potential for crushed panels
in a landfill to leach hazardous substances into groundwater.?? Passing this test means that they are
classified as non-hazardous waste and can be deposited in landfills.**3* For more information about PV
panel end-of-life, see the Panel Disposal section.

There is also concern of environmental impact resulting from potential catastrophic events
involving CdTe PV panels. An analysis of worst-case scenarios for environmental impact from CdTe PV
panels, including earthquakes, fires, and floods, was conducted by the University of Tokyo in 2013. After
reviewing the extensive international body of research on CdTe PV technology, their report concluded,
“Even in the worst-case scenarios, it is unlikely that the Cd concentrations in air and sea water will exceed
the environmental regulation values.”*® In a worst-case scenario of damaged panels abandoned on the
ground, insignificant amounts of cadmium will lcach from thc pancls. This is because this scenario is



much less conducive (larger module picces, less acidity) to leaching than the conditions of the EPA’s
TCLP test used to simulate landfill conditions, which CdTe panels pass. *

First Solar, a U.S. company, and the only significant supplier of CdTe panels, has a robust panel
take-back and recycling program that has been operating commercially since 2005.%7 The company states
that it is “committed to providing a commercially attractive recycling solution for photovoltaic (PV) power
plant and module owners to help them meet their module (end of lifc) EOL obligation simply, cost-
effectively and responsibly.” First Solar global recycling services to their customers to collect and recycle
panels once they reach the end of productive life whether due to age or damage. These recycling scrvice
agreements are structured to be financially attractive to both First Solar and the solar panel owner. For
First Solar, the contract provides the company with an affordable source of raw materials needed for new
panels and presumably a diminished risk of undesired release of Cd. The contract also benefits the solar
panel owner by allowing them to avoid tipping fees at a waste disposal site. The legal contract helps
provide peace of mind by ensuring compliance by both parties when considering the continuing trend of
rising disposal costs and increasing regulatory requirements.

¢. CIS/CIGS and other PV technologies

Copper indium gallium sclenide PV technology, often referred to as CIGS, is the second most
common type of thin-film PV panel but a distant second behind CdTe. CIGS cells are composed of a thin
layer of copper, indium, gallium, and selenium on a glass or plastic backing, None of thesc clements are
very toxic, although selenium is a regulated metal under the Federal Resource Conservation and Recovery
Act (RCRA).* The cells often also have an extremely thin layer of cadmium sulfide that contains a tiny
amount of cadmium, which is toxic. The promise of high efficiency CIGS panels drove heavy investment
in this technology in the past. However, researchers have struggled to transfer high efficiency success in
the lab to low-cost full-scale panels in the ficld.* Recently, a CIGS manufacturer based in Japan, Solar
Frontier, has achieved some market success with a rigid, glass-faced CIGS module that competes with
silicon panels. Solar Frontier produces the majority of CIS panels on the market today. * Notably, these
panels are RoHS compliant,*' thus meeting the rigorous toxicity standard adopted by the European Union
even thought this directive exempts PV panels. The authors are unaware of any completed or proposed
utility-scale system in North Carolina using CIS/CIGS panels.

1.2.3 Panel End-of-Life Management

Concerns about the volume, disposal, toxicity, and recycling of PV panels arc addressed in this
subsection. To put the volume of PV waste into perspective, consider that by 2050, when PV systems
installed in 2020 will reach the end of their lives, it is estimated that the global annual PV panel waste
tonnage will be 10% of the 2014 global e-waste tonnage. ** In the U.S., end-of-life disposal of solar
products is governed by the Federal Resource Conservation and Recovery Act (RCRA), as well as state
policies in some situations. RCRA separates waste into hazardous (not accepted at ordinary landfill) and
solid waste (gencrally accepted at ordinary landfill) based on a series of rules. According to RCRA, the
way to determine if a PV panel is classified as hazardous waste is the Toxic Characteristic Leaching
Procedure (TCLP) test. This EPA test is designed to simulate landfill disposal and determine the risk of
hazardous substances leaching out of the landfill. *-*** Multiple sources report that most modern PV
panels (both crystalline silicon and cadmium telturide) pass the TCLP test.**” Some studies found that
some older (1990s) crystalline silicon panels, and perhaps some newer crystalline silicon panels (specifics

are not given about vintage of panels tested), do not pass the lead (Pb) leachate limits in the TCLP test, **:
49



The test begins with the crushing of a pancl into centimeter-sized picces. The pieces arc then mixced
in an acid bath. After tumbling for eighteen hours, the fluid is tested for forty hazardous substances that
all must be below specific threshold levels to pass the test. Research comparing TCLP conditions to
conditions of damaged panels in the ficld found that simulated landfill conditions provide overly
conservative estimates of leaching for ficld-damaged pancls. ** Additionally, rcsearch in Japan has found
no detectable Cd leaching from cracked CdTe panels when exposed to simulated acid rain. *!

Although modern panels can generally be landfilled, they can also be recycled. Even though recent
waste volume has not been adcquate to support significant PV-spccific recycling infrastructure, the
existing recycling industry in North Carolina reports that it recycles much of the current small volume of
broken PV panels. In an informal survey conducted by the NC Clean Energy Technology Center survey
in early 2016, seven of the eight large active North Carolina utility-scale solar developers surveyed
reported that they send damaged panels back to the manufacturer and/or to a local recycler. Only one
developer reported sending damaged panels to the landfill.

The developers reported at that time that they are usually paid a small amount per panel by local
recycling firms. In early 2017, a PV developer reported that a local recycler was charging a small fee per
panel to recycle damaged PV panels. The local recycling firm known to authors to accept PV panels
described their current PV panel recycling practice as of early 2016 as removing the aluminum frame for
local recycling and removing the wire leads for local copper recycling. The remainder of the panel is sent
to a facility for processing the non-metallic portions of crushed vehicles, referred to as “fluff” in the
recycling industry.®® This processing within existing general recycling plants allows for significant
material recovery of major components, including glass which is 80% of the module weight, but at lower
yields than PV-specific recycling plants. Notably almost half of the material value in a PV panel is in the
few grams of silver contained in almost every PV panel produced today. In the long-term, dedicated PV
panel recycling plants can increase treatment capacities and maximize revenues resulting in better output
quality and the ability to recover a greater fraction of the useful matertals.> PV-specific panel recycling
technologies have been researched and implemented to some extent for the past decade, and have been
shown to be able to recover over 95% of PV material (semiconductor) and over 90% of the glass in a PV
panel, >

A look at global PV recycling trends hints at the future possibilities of the practice in our country.
Europe installed MW-scale volumes of PV years before the U.S. In 2007, a public-private partnership
between the European Union and the solar industry set up a voluntary collection and recycling system
called PV CYCLE. This arrangement was later made mandatory under the EU’s WEEE directive, a
program for waste electrical and electronic equipment.> Its member companies (PV panel producers)
fully finance the association. This makes it possible for end-users to return the member companies’
defective panels for recycling at any of the over 300 collection points around Europe without added costs.
Additionally, PV CYCLE will pick up batches of 40 or more used panels at no cost to the user. This
arrangement has been very successful, collecting and recycling over 13,000 tons by the end of 2015.5¢

In 2012, the WEEE Directive added the end-of-life collection and recycling of PV panels to its
scope.*’ This directive is based on the principle of extended-producer-responsibility. It has a global impact
because producers that want to sell into the EU market are legally responsible for end-of-life management.
Starting in 2018, this directive targets that 85% of PV products “put in the market” in Europe are recovered
and 80% is prepared for reuse and recycling.

The success of the PV panel collection and recycling practices in Europe provides promise for the
future of recycling in the U.S. In mid-2016, thc US Solar Energy Industry Association (SEIA) announced
that they are starting a national solar panel recycling program with the guidance and support of many



lcading PV panel producers. *® The program will aggregate the services offered by recycling vendors and
PV manufacturers, which will make it easier for consumers to select a cost-effective and environmentally
responsible end-of-life management solution for their PV products. According to SEIA, they are planning
the program in an effort to make the entire industry landfill-free. In addition to the national recycling
network program, the program will provide a portal for system owners and consumecrs with information
on how to responsibly recycle their PV systems.

While a cautious approach toward the potential for negative environmental and/or health impacts
from retired PV panels is fully warranted, this section has shown that the positive health impacts of
reduced emissions from fossil fuel combustion from PV systems more than outweighs any potential risk.
Testing shows that silicon and CdTe panels are both safe to dispose of in landfills, and are also safe in
worst case conditions of abandonment or damage in a disaster. Additionally, analysis by local engineers
has found that the current salvage value of the equipment in a utility scale PV facility generally exceeds
general contractor estimates for the cost to remove the entire PV system. %% - 6!

1.2.4 Non-Panel System Components (racking, wiring, inverter, transformer)

While previous toxicity subsections discussed PV panels, this subsection describes the non-panel
components of utility-scale PV systems and investigates any potential public health and safety concems.
The most significant non-panel component of a ground-mounted PV system is the mounting structure of
the rows of panels, commonly referred to as “racking”. The vertical post portion of the racking is
galvanized steel and the remaining above-ground racking components are either galvanized steel or
aluminum, which are both extremely common and benign building materials. The inverters that make the
solar generated electricity ready to send to the grid have weather-proof steel cnelosures that protect the
working components from the elements. The only fluids that they might contain are associated with their
cooling systems, which are not unlike the cooling system in a computer. Many inverters today are RoHS
compliant.

The clectrical transformers (to boost the inverter output voltage to the voltage of the utility
connection point) do contain a liquid cooling oil. However, the fluid used for that function is either a non-
toxic mineral oil or a biodegradable non-toxic vegetable oil, such as BIOTEMP from ABB. These
vegetable transformer oils have the additional advantage of being much less flammable than traditional
mineral oils. Significant health hazards are associated with old transformers containing cooling oil with
toxic PCBs. Transfers with PCB-containing oil were common before PCBs were outlawed in the U.S. in
1979. PCBs still exist in older transformers in the field across the country.

Other than a few utility research sites, there are no batteries on- or off-site associated with utility-
scale solar cnergy facilitics in North Carolina, avoiding any potential health or safety concerns related to
battery technologies. However, as battery technologies continue to improve and prices continue to decline
we are likely to start sccing some batteries at solar facilities. Lithium ion batteries currently dominate the
world utility-scale battery market, which are not very toxic. No non-panel system components were found
to pose any health or environmental dangers.

1.4 Operations and Maintenance — Panel Washing and Vegetatio'n
Control



Throughout the eastern U.S., the climate provides frequent and heavy enough rain to keep panels
adequately clean. This dependable weather pattern eliminates the need to wash the panels on a regular
basis. Some system owners may choose to wash panels as oftcn as once a year to increase production,
but most in N.C. do not regularly wash any PV panels. Dirt build up over time may justify panel
washing a few times over the panels’ lifetime; however, nothing more than soap and water are required
for this activity.

The maintenance of ground-mounted PV facilities requires that vegetation be kept low, both for
aesthetics and to avoid shading of the PV panels. Several approaches are used to maintain vegetation at
NC solar facilities, including planting of limited-height species, mowing, weed-eating, herbicides, and
grazing livestock (sheep). The following descriptions of vegetation maintenance practices are based on
interviews with several solar developers as well as with three maintenance firms that together are
contracted to maintain well over 100 of the solar facilities in N.C. The majority of solar facilities in
North Carolina maintain vegetation primarily by mowing. Each row of panels has a single row of
supports, allowing sickle mowets to mow under the panels. The sites usually require mowing about once
a month during the growing season. Some sites employ sheep to graze the site, which greatly reduces the
human effort required to maintain the vegetation and produces high quality lamb meat. 52

In addition to mowing and weed eating, solar facilities often use some herbicides. Solar facilities
generally do not spray herbicides over the entire acreage; rather they apply them only in strategic
locations such as at the base of the perimeter fence, around exterior vegetative buffer, on interior dirt
roads, and near the panel support posts. Also unlike many row crop operations, solar facilities generally
use only general use herbicides, which are available over the counter, as opposed to restricted use
herbicides commonly used in commercial agriculture that require a special restricted use license. The
herbicides used at solar facilities are primarily 2-4-D and glyphosate (Round-up®), which are two of the
most common herbicides used in lawns, parks, and agriculture across the country. One maintenance firm
that was interviewed sprays the grass with a class of herbicide known as a growth regulator in order to
slow the growth of grass so that mowing is only required twice a year. Growth regulators are commonly
used on highway roadsides and golf courses for the same purpose. A commercial pesticide applicator
license is required for anyone other than the landowner to apply herbicides, which helps ensure that all
applicators are adequately educated about proper herbicide use and application. The license must be
renewed annually and requires passing of a certification exam appropriate to the area in which the
applicator wishes to work. Based on the limited data available, it appears that solar facilities in N.C.
generally use significantly less herbicides per acre than most commercial agriculture or lawn
maintenance Services.

2. Electromagnetic Ficlds (EMF)

PV systems do not emit any material during their operation; however, they do generate
electromagnetic fields (EMF), sometimes referred to as radiation. EMF produced by eleetricity is non-
ionizing radiation, meaning the radiation has enough energy to move atoms in a molecule around
(experienced as heat), but not enough energy to remove electrons from an atom or molecule (ionize) or to
damage DNA. As shown below, modern humans are all exposed to EMF throughout our daily lives
without negative health impact. Someone outside of the fenced perimeter of a solar facility is not exposed
to significant EMF from the solar facility. Therefore, there is no negative health impact from the EMF



produccd in a solar farm. The following paragraphs provide some additional background and detail to
support this conclusion.

Since the 1970s, some have expressed concern over potential health consequences of EMF from
electricity, but no studies havc ever shown this EMF to cause health problems. % These concerns are based
on some epidemiological studies that found a slight increase in childhood leukemia associated with
average exposure to residential power-frequency magnctic fields above 0.3 to 0.4 uT (microteslas) (equal
to 3.0 to 4.0 mG (milligauss)). uT and mG are both units used to measure magnetic field strength. For
comparison, the average exposure for people in the U.S. is one mG or 0.1 uT, with about 1% of the
population with an average exposure in excess of 0.4 uT (or 4 mG).* These epidemiological studies,
which found an association but not a causal relationship, led the World Health Organization’s International
Agency for Research on Cancer (IARC) to classify ELF magnetic fields as “possibly carcinogenic to
humans”. Coffee also has this classification. This classification means there is limited evidence but not
enough evidence to designate as either a “probable carcinogen” or “human carcinogen”. Qverall, there is
very little concern that ELF EMF damages public health, The only concern that does exist is for long-term
exposure above 0.4 uT (4 mG) that may have some connection to increased cases of childhood leukemia.
In 1997, the National Academies of Science were directed by Congress to examine this concern and
concluded:

“Based on a comprehensive evaluation of published studies relating to the effects of
power-frequency electric and magnetic fields on cells, tissues, and organisms (including
humans), the conclusion of the committee is that the current body of evidence does not
show that exposurc to these fields presents a human-health hazard. Specifically, no
conclusive and consistent evidence shows that exposures to residential electric and
magnetic fields produce cancer, adverse neurobehavioral effects, or reproductive and
developmental effects.” 5

There are two aspects to electromagnetic fields, an electric field and a magnetic field. The electric
field is generated by voltage and the magnetic field is generated by electric current, i.c., moving electrons.
A task group of scientific experts convened by the World Health Organization (WHO) in 2005 concluded
that there were no substantive health issues related to electric fields (0 to 100,000 Hz) at levels generally
encountered by members of the public. % The relatively low voltages in a solar facility and the fact that
electric fields are easily shielded (i.e., blocked) by common materials, such as plastic, metal, or soil means
that there is no concern of negative health impacts from the electric fields generated by a solar facility.
Thus, the remainder of this section addresses magnetic fields. Magnetic fields are not shielded by most
common materials and thus can easily pass through them. Both types of fields are strongest close to the
source of electric generation and weaken quickly with distance from the source.

The direct current (DC) electricity produced by PV panels produce stationary (0 Hz) electric and
magnetic fields. Because of minimal concern about potential risks of stationary fields, little scientific
research has examined stationary fields’ impact on human health.®” In even the largest PV facilities, the
DC voltages and currents are not very high. One can illustrate the weakness of the EMF generated by a
PV panel by placing a compass on an operating solar panel and observing that the needle still points north.

While the electricity throughout the majority of a solar site is DC electricity, the inverters convert
this DC electricity to alternating current (AC) electricity matching the 60 Hz frequency of the grid.
Therefore, the inverters and the wires delivering this power to the grid are producing non-stationary EMF,
known as extrcmely low frequency (ELF) EMF, normally oscillating with a frequency of 60 Hz. This
frequency is at the low-energy end of the electromagnetic spectrum. Therefore, it has less energy than



other commonly encountered types of non-ionizing radiation like radio waves, infrared radiation, and
visible light.

The wide use of electricity results in background levels of ELF EMFs in nearly all locations where
people spend time — homes, workplaces, schools, cars, the supermarket, etc. A person’s average exposure
depends upon the sources they encounter, how close they are to them, and the amount of time they spend
there. %® As stated above, the average exposure to magnetic fields in the U.S. is estimated to be around one
mG or 0.1 uT, but can vary considerably depending on a person’s exposure to EMF from electrical devices
and wiring.®® At times we are often exposed to much higher ELF magnetic fields, for example when
standing three feet from a refrigerator the ELF magnetic field is 6 mG and when standing three feet from
a microwave oven the field is about 50 mG.™ The strength of these fields diminish quickly with distance
from the source, but when surrounded by electricity in our homes and other buildings moving away from
onc source moves you closer to another. However, unless you are inside of the fence at a utility-scale solar
facility or electrical substation it is impossible to get very close to the EMF sources. Because of this, EMF
levels at the fence of electrical substations containing high voltages and currents are considered “generally
negligible”.": 72

The strength of ELF-EMF present at the perimeter of a solar facility or near a PV system in a
commercial or residential building is significantly lower than the typical American’s average EMF
exposure.”™ Researchers in Massachusetts measured magnetic fields at PV projects and found the
magnetic ficlds dropped to very low levels of 0.5 mG or less, and in many cases to less than background
levels (0.2 mG), at distances of no more than nine feet from the residential inverters and 150 feet from the
utility-scale inverters.”” Even when measured within a few feet of the utility-scale inverter, the ELF
magnetic fields were well below the International Commission on Non-Ionizing Radiation Protection’s
recommended magnetic field level exposure limit for the general public of 2,000 mG.® 1t is typical that
utility scale designs locate large inverters central to the PV panels that feed them because this minimizes
the length of wire required and shiclds neighbors from the sound of the inverter’s cooling fans. Thus, it is
rare for a large PV inverter to be within 150 feet of the project’s security fence.

Anyone relying on a medical device such as pacemaker or other implanted device to maintain
proper heart thythm may have concern about the potential for a solar project to interfere with the operation
of his or her device. However, there is no reason for concern because the EMF outside of the solar facility’s
fence is less than 1/1000 of the level at which manufacturers test for ELF EMF interference, which is
1,000 mG.” Manufacturers of potentially affected implanted devices often provide advice on
electromagnetic interference that includes avoiding letting the implanted device get too close to certain
sources of ficlds such as some houschold appliances, some walkie-talkies, and similar transmitting
devices. Some manufacturers’ literature does not mention high-voltage power lines, some say that
exposure in public areas should not give interference, and some advise not spending extended periods of
time close to power lines. '8

3. Electric Shock and Arc Flash Hazards

Therc is a real danger of clectric shock to anyone entering any of the electrical cabinets such as
combiner boxes, disconnect switches, inverters, or transformers; or otherwise coming in contact with
voltages over 50 Volts.”” Another electrical hazard is an arc flash, which is an explosion of energy that
can occur in a short circuit situation. This explosive release of energy causes a flash of heat and a
shockwave, both of which can cause serious injury or death. Properly trained and equipped technicians
and electricians know how to safely install, test, and repair PV systems, but there is always some risk of



injury when hazardous voltages and/or currents are present. Untrained individuals should not attempt to
inspect, test, or repair any aspect of a PV system due to the potential for injury or death due to electric
shock and arc flash, The National Electric Code (NEC) requires appropriate levels of warning signs on all
electrical components based on the level of danger determined by the voltages and current potentials. The
national electric code also requires the sitc to be sccured from unauthorized visitors with cither a six-foot
chain link fence with three strands of barbed wire or an eight-foot fence, both with adequate hazard
warning signs.

4. Fire Safety

The possibility of fires resulting from or intensified by PV systems may trigger concern among
the general public as well as among firefighters. However, concern over solar fire hazards should be
limited because only a small portion of matcrials in the panels are flammable, and those components
cannot self-support a significant fire. Flammable components of PV panels include the thin layers of
polymer encapsulates surrounding the PV cells, polymer backsheets (framed panels only), plastic junction
boxes on rear of panel, and insulation on wiring, The rest of the panel is composed of non-flammable
components, notably including one or two layers of protective glass that makc up over three quarters of
the panel’s weight.

Heat from a small flame is not adequate to ignite a PV panel, but heat from a more intense fire or
energy from an clectrical fault can ignite a PV pancl.*® One real-world example of this occurred during
July 2015 in an arid area of California. Three acres of grass under a thin film PV facility bummed without
igniting the panels mounted on fixed-tilt racks just above the grass.®' While it is possible for electrical
faults in PV systems on homes or commercial buildings to start a fire, this is extremely rare. ®2 Improving
understanding of the PV-specific risks, safer system designs, and updated fire-related codes and standards
will continue to reduce the risk of fire caused by PV systems.

PV systems on buildings can affect firefighters in two primary ways, 1) impact their methods of
fighting the firc, and 2) pose safety hazard to the firefighters. Onc of the most important techniques that
firefighters use to suppress fire is ventilation of a building’s roof. This technique allows superheated toxic
gases to quickly exit the building. By doing so, the fircfighters gain easier and safer access to the building,
Ventilation of the roof also makes the challenge of putting out the fire easier. However, the placement of
rooftop PV panels may interfere with ventilating the roof by limiting access to desired venting locations.

New solar-specific building code requirements are working to minimize these concerns. Also, the
latest National Electric Code has added requirements that make it easier for first responders to safely and
effectively tum off a PV system. Concern for firefighting a building with PV can be reduced with proper
fire fighter training, system design, and installation. Numerous organizations have studied fire fighter
safety related to PV. Many organizations have published valuable guides and training programs. Some
notable examples are listed below.

¢ The Intcrnational Association of Fire Fightcrs (IAFF) and International Renewablc Energy Council
(IREC) partnered to create an online training course that is far beyond the PowerPoint click-and-
view model. The self-paced onlinc course, “Solar PV Safety for Firc Fighters,” fcatures rich vidco
content and simulated environments so fire fighters can practice the knowledge they’ve learned.
www.iaff.org/pvsafctytraining

¢ Photovoltaic Systems and the Fire Code: Office of NC Fire Marshal
¢ Fire Service Trajning, Underwritcr's Laboratory




o Firefighter Safety and Response for Solar Power Systems, National Fire Protection Research
Foundation

e Bridging the Gap: Fire Safety & Green Buildings, National Association of State Fire Marshalls
* Guidelines for Fir¢ Safety Elements of Solar Photovoltaic Systems, Orange County Fire Chiefs
Association

* Solar Photovoltaic Installation Guidelines, California Department of Forestry & Fire Protection,
Office of the State Fire Marshall

* PV Safety & Firefighting, Matthew Paiss, Homepower Magazine
e PV Safety and Code Development: Matthew Paiss, Cooperative Research Network

Summary

The purpose of this paper is to address and alleviate concerns of public health and safety for
utility-scale solar PV projects. Concerns of public health and safety were divided and discussed in the
four following sections: (1) Toxicity, (2} Electromagnetic Fields, (3) Electric Shock and Arc Flash, and
(4) Fire. In each of thesc sections, the negative health and safety impacts of utility-seale PV
development were shown to be negligible, while the public health and safety benefits of installing these
facilities are significant and far outweigh any negative impacts.
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Health and Safety Concerns of Photovoltaic Solar Panels

Introduction

The generation of electricity from photovoltaic (PV) solar panels is safe and effective. Because PV
systems do not burn fossil fuels they do not produce the toxic air or greenhouse gas emissions
associated with conventional fossil fuel fired generation technologies. According to the U.S. Department
of Energy, few power-generating technologies have as little environmental impact as photovoltaic solar
panels.

However, as with all energy sources, there are potential environmental, health and safety hazards
associated with the full product life cycle of photovoltaics. Recent news accounts have raised public
interest and concerns about those potential hazards.” A substantial body of research has investigated the
life cycle impacts of photovoltaics including raw material production, manufacture, use and disposal.
While some potentially hazardous materials are utilized in the life cycle of photovoltaic systems, none
present a risk different or greater than the risks found routinely in modern society.

The most significant environmental, health and safety hazards are associated with the use of hazardous
chemicals in the manufacturing phase of the solar cell. Improper disposal of solar panels at the end of
their useful life also presents an environmental, health and safety concern. The extraction of raw material
inputs, especially the mining of crystalline silica, can also pose an environmental, health and safety

The environmental, health and safety concerns for the life-cycle phase are minimal and limited to rare and
infrequent events. With effective regulation, enforcement, and vigilance by manufacturers and operators,
any danger to workers, the public and the environment can be minimized. Further, the benefits of
photovoltaics tend to far outweigh risks especially when compared to conventional fossil fuel
technologies. According to researchers at the Brookhaven National Laboratory, regardless of the specific
technology, photovoltaics generate significantly fewer harmful air emissions (at least 89%) per kilowatt-
hour (KWh) than conventional fossil fuel fired technologies.3

Materials used in photovoltaics solar panels

The basic building block of a photovoltaic solar system
is the solar cell. Solar cells are solid state,
semiconductor devices that convert sunlight into
electricity. Typically a number of individual cells are
connected together to form modules, or solar panels. In
order to provide electrical insulation and protect against
environmental corrosion, the solar cells are encased in
a transparent material referred to as an encapsulant.
To provide structural integrity the solar cells are
mounted on top of a rigid flat surface or substrate. A
transparent cover film, commonly glass, further protects
these components from the elements.

Several types of semiconductor materials are used to
manufacture solar cells but the most common material
is crystalline silicon, typically from quartz or sand,
capturing a 60% market share.’ Crystalline silicon
semiconductors are also utilized in the manufacture of integrated circuits and microchips used in personal
computers, cellular telephones and other modern electronics.

Courtesy of the U.S. Department of Energy

The outer glass cover constitutes the largest share of the total mass of a finished crystalline photovoltaic
module (approximately 65%), followed by the aluminum frame (~20%), the ethylene vinyl acetate
encapsulant (~7.5%), the polyvinyl fluoride substrate (~2.5%), and the junction box (1%). The solar cells
themselves only represent about four percent (4%) of the mass of a finished module.’
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Oregon Department of Transportation Solar Highway photovoltaic solar panel selection

The solar panels proposed for use in the Oregon Department of Transportation's Solar Highway program
feature domestically manufactured and assembled monocrystalline silicon modules. The information
presented below, therefore, focuses on the life cycle environmental, health and safety hazards generally
associated with this technology.

Life Cycle of Monocrystalline Silicon Solar Panels

The simplified process diagram below illustrates the basic life-cycle stages for the manufacturing of
monocrystalline silicon (c-Si) solar panels.

The life cycle of a c-Si panel starts with mining of crystalline silica in the form of quartz or sand. The raw
material is then refined in industrial furnaces to remove impurities to produce metallurgical grade silicon
(~98% pure silicon). The metallurgical grade silicon is then further refined to produce high purity
polysilicon for use in the solar and semiconductor industry. Next, the polysilicon is used to grow
monocrystalline rods or ingots. These ingots are then shaped and sawn into very thin wafers. The wafers
are then manufactured into solar cells and assembled into photovoltaic modules ready for installation. At
the end of their useful life the materials in the panels can recycled and used as feedstock material for new
panels.

The potential environmental, health and safety hazards associated with each of these steps are described
on the following pages.

Figure 1: Simplified Photovoltaic Solar Panel Life Cycle



Raw material extraction and refining for solar panels

The material inputs phase consists of the extraction and processing of raw materials that are then used in
the production of solar panels.

Crystalline Silica Mining

Process

Crystalline silica is the primary raw material input for the manufacture of monocrystalline solar panels.
Crystalline silica is found in the environment primarily as sand or quartz. The extraction process varies by
location, but typically involves some combination of earth moving, crushing, milling, washing, and
screening to separate the crystalline silica particles from other minerals and impurities and to achieve the
desired grain size.® The end product is variously referred to as silica sand, quartz silica or simply silica or
quartz.

Health and Safety

A potentially harmful by-product associated with the mining and processing of silica sand is crystalline
silica dust. Silica dust has been associated with silicosis, a lung disease where scar tissue forms in the
lungs and reduces the ability to breath.’ Crystalline silica dust is classified as a known human carcinogen
by the International Agency for Research on Cancer.? Studies show increased risk of developing lung
cancer through regular exposure to crystalline silica dust. Other health problems associated with regular,
high exposure include chronic obstructive pulmonary disease, rheumatoid arthritis, scleroderma,
Sjogern’s syndrome, lupus, and renal disease.’

The widely recognized risk of human exposure to silica dust has resulted in the implementation of
stringent health, safety, and environmental measures in the United States and across the globe.
Examples of mitigation measures include monitoring air quality, automation of processes to limit human
exposure, dust suppression measures and personal protective devices for workers such as respirators.lO

It should be noted that the majority of global silica sand production (more than 80%) is used for the
manufacture of glass and ceramics, metal casting and abrasives, while only 2% is utilized in the
production of metallurgical grade silicon.™

Upgrading Silica Sand to Metallurgical Grade Silicon

Process

Metallurgical grade silicon is used in the manufacture of metal alloys such as aluminum and steel,
chemical silicones for use in lubricants and epoxies as well as high purity polysilicon for the manufacture
of semiconductors including solar panels. Consumption by the semiconductor industry, including
photovoltaics, accounts for approximately 6% of global metallurgical grade silicon production.12 In order
to transform industrial grade silica sand into metallurgical grade silicon, the silica is combined with carbon
in the form of charcoal, coal, or coke in an electric arc furnace in a process called carbothermic reduction.

Health and Safety

The primary emissions from this process are carbon dioxide and sulfur dioxide from the combustion of
carbon sources. Another by-product of the process is fume silica captured via a piece of emission control
technology called a bag house. If respirated, fume silica can pose the same health concerns as silica
dust.”® Additionally, there are indirect emissions of carbon dioxide from the consumption of electricity to
power the electric arc furnace. The source and carbon intensity of this electricity varies by region.

Upgrading Metallurgical Grade Silicon to Polysilicon

Process

In order to reach a purity level acceptable for use in manufacture of semiconductor devices, metallurgical
grade silicon must go through two additional purification steps. The primary output from this purification
process is polysilicon, the precursor to the silicon wafers used to manufacture the integrated circuits at
the heart of most electronics as well as monocrystalline photovoltaic solar cells.



In the first step, pulverized metallurgical grade silicon is combined with hydrogen chloride gas and a
copper catalyst in a fluid bed reactor to produce trichlorosilane. Trichlorosilane is the primary chemical
feedstock for the production of polysilicon. This step also yields silicon tetrachloride, which can either be
captured and further processed into trichlorosilane or utilized as a feedstock in the manufacture of fiber
optics. Other byproducts from this phase include silane, dichlorosilane and chlorinated metals.
Dichlorosilane is an important precursor to silicon nitride, a ceramic material used, among other
applications, in the manufacture of automobile engine parts.“‘15

To produce polysilicon, the trichlorosilane is subjected to a distillation process until the desired purity level
is achieved. The purified trichlorosilane is then used to deposit very pure polysilicon in a chemical vapor
deposition reactor. This process, commonly referred to as the Siemens process, accounts for as much
as 98% of the world's polysilicon production.16 Historically, polysilicon destined for photovoltaic solar cells
was considered "waste" material that did not meet the purity requirement of the electronics industry and
accounted for approximately 10% of polysilicon production.17 There are indications that this trend may be
changing as the size of photovoltaic markets expand.

Health and Safety

This process involves multiple potentially hazardous materials and byproducts that without proper
safeguards can pose a significant risk to human and environmental health. Chlorosilanes and hydrogen
chloride are toxic and highly volatile, reacting explosively with water. Chlorosilanes and silane can also
spontaneously ignite and under some conditions explode.18 Silicon tetrachloride can cause skin burns
and is also an eye and respiratory irritant.*® Silicon tetrachloride has recently gained notoriety due to
news accounts of its dumping near a polysilicon plant in China.”®

Notably, Western production facilities accounted for more 99% of global polysilicon production in 2005,
the latest year for which data is available.”! These facilities use a closed loop process that captures
system byproducts for recycling and reuse within the process loop because these recovery systems are
necessary for the economic operation of a facility.22 Furthermore, any waste gasses not recoverable for
recycling are led through a series of pollution control technologies (e.g. wet scrubbers) prior to any
environmental releases. Environmental releases include very low levels of particulate matter, hydrogen
chloride and silicon tetrachloride.”

Furthermore, facilities in the United States, Japan and Europe are subject to strict environmental and
occupational health and safety regulation and enforcement. In contrast, production capacity is rapidly
expanding in developing countries such as China and India where such safeguards may not exist or be
enforced. Regardless of their location, reputable and responsible firms will have implemented beyond
compliance environmental management systems (e.g. ISO 14001 certification) and adopted voluntary
industry best management guidelines (e.g. Responsible Care).

Manufacturing and assembly of solar panels

From Wafer to Cell

Process

Solar cells are produced by transforming polysilicon into a cylindrical ingot of monocrystalline silicon,
which is then shaped and sliced into very thin wafers. Next, a textured pattern is imparted to the surface
of the wafer in order to optimize the absorption of light. The wafer is then subjected to high temperatures
in the presence of phosphorous oxychloride in order to create the physical properties required to produce
electricity. Next an anti-reflective coating of silicon nitride is applied to the top surface of the cell to
minimize reflection and increase efficiency of light absorption. Finally, metallic electrical conductors are
screen printed onto the surface wafer to facilitate the transport of electricity away from the cell. The
production of solar cells is concentrated in Japan, Europe and the United States, which currently account
for more than 80% of global production.24

Health and Safety
Many different potentially hazardous chemicals are used during the production of solar cells. The primary
environmental, health and safety concerns are exposure to and inhalation of kerf dust, a byproduct of




sawing the silicon ingots into wafers, and exposure to solvents, such as nitric acid, sodium hydroxide and

hydrofluoric acid, used in wafer etching and cleaning as well as reactor cleaning. Many of these solvents
also pose a risk of chemical burns. Other occupational hazards include the flammability of silane used in
the deposition of anti-reflective coatings.25

The most likely exposure route for factory workers is inhalation of vapors or dusts. Secondarily, there is
exposure risk for factory workers from accidental spills. Risks to surrounding communities include the
release of hazardous gasses from an industrial accident or fire at the manufacturing facility.26 These
hazards are regulated by a number of occupational and environmental standards as well as industry
adopted voluntary best management practices. These regulations and strategies include: extensive
occupational ventilation systems, accident prevention and planning programs and emergency
confinement and absorption units.”” As a result of these safeguards, there have been no known
catastrophic releases of toxic gases from photovoltaic manufacturing facilities in the United States.”®

Module components and assembly

Process

A typical solar module consists of several individual cells wired together and enclosed in protective
material called an encapsulant, commonly made of ethylene vinyl acetate. To provide structural integrity
the encapsulated cells are mounted on a substrate frequently made of polyvinyl fluoride. Both ethylene
vinyl acetate and polyvinyl fluoride are widely considered to be environmentally preferable to other
chlorinated plastic resins. A transparent cover, commonly glass, further protects these components from
weather when in place for electrical generation. The entire module is held together in an aluminum
frame. Most modules also feature an on board electrical junction box.?

Health and Safety

Individual solar cells are typically soldered together with copper wire coated with tin. Some solar panel
manufacturers utilize solders that contain lead and other metals that if released into the environment can
pose environmental and human health risks. Module assembly is not a likely pathway for human
exposure to these metals as this step in the assembly process is typically automated. For more
discussion regarding the end-of-life product phase risks of lead containing solders, see the discussion in
the decommissioning and recycling section below.

Installation and use of solar panels

Installed silicon-based cells pose minimal risks to human health or the environment according to reviews
conducted by the Brookhaven National Lab and the Electric Power Research Institute.*

Health and Safety
Because solar panels are encased in heavy-duty glass or plastic, there is little risk that the small amounts
of semiconductor material present can be released into the environment.

In the event of a fire, it is theoretically possible for hazardous fumes to be released and inhalation of
these fumes could pose a risk to human health.** However, researchers do not generally believe these
risks to be substantial given the short-duration of fires and the relatively high melting point of the materials
present in the solar modules. % Moreover, the risk of fire at ground-mounted solar installations is remote
because of the precautions taken during site preparation including the removal of fuels and the lack of
burnable materials — mostly glass and aluminum — contained in a solar panel.

A greater potential risk associated with photovoltaic systems and fire is the potential for shock or
electrocution if a fire-fighter or emergency responder comes in contact with a high voltage conductor.
These concerns are almost entirely related to roof mounted residential and commercial solar arrays. The
Oregon Building Code Division is currently considering new rules to increase public safety for structures
equipped with solar photovoltaic systems. The proposed rules are inspired by a model code adopted by
the California Department of Forestry & Fire Protection. As it applies to ground mounted photovoltaic



arrays, the California model code calls for a clear marking of system components in order to provide
emergency responders with appropriate Warnings.33

The strength of electromagnetic fields produced by photovoltaic systems do not approach levels
considered harmful to human health established by the International Commission on Non-lonizing
Radiation Protection. Moreover the small electromagnetic fields produced by photovoltaic systems
rapidly diminish with distance and would be indistinguishable from normal background levels within
several yards. For a detailed discussion of electromagnetic fields and solar arrays read the Scaling Public
Concerns of Electromagnetic Fields Produced by Solar Photovoltaic Arrays paper at
http://www.oregonsolarhighway.com.

End-of-life management and recycling of solar panels
Process

While the solar cell is the heart of a photovoltaic system, on a mass basis it accounts for only a small
fraction of the total materials required to produce a solar panel. The outer glass cover constitutes the
largest share of the total mass of a finished crystalline photovoltaic module (approximately 65%), followed
by the aluminum frame (~20%), the ethylene vinyl acetate encapsulant (~7.5%), the polyvinyl fluoride
substrate (~2.5%), and the junction box (1%). The solar cells themselves only represent about four
percent (4%) of the mass of a finished module.**

Proper decommissioning and recycling of solar panels both ensures that potentially harmful materials are
not released into the environment and reduces the need for virgin raw materials. In recognition of these
facts, the photovoltaic industry is acting voluntarily to implement product take-back and recycling
programs at the manufacturing level. Collectively, the industry recentlg launched PV Cycle — a trade
association to develop an industry-wide take back program in Europe. ® In the United States, product
take-back and recycling programs vary by manufacturer; SolarWorld, the supplier selected for the three
Oregon Solar Highway projects, is one of the manufacturers which fully supports the entire life cycle of
their product.

While recycling methods and take-back policies vary by manufacturer, the most frequently recycled
components are the cover glass, aluminum frame, and solar cells. Small quantities of valuable metals
including copper and steel are also recoverable. The ethylene vinyl acetate encapsulant and polyvinyl
fluoride substrate are typically not recoverable and are removed through a thermal process with strict
emission controls and the by-product ash land-filled. Following this process, the glass and aluminum
frame are separated and typically sold to industrial recyclers. The solar cells are then reprocessed into
silicon wafers with valuable metals recovered and sold. Depending on the condition, the wafer can then
either be remade into a functioning cell or granulated to serve as feedstock for new polysilicon.36

Health and Safety

If not properly decommissioned, the greatest end of life health risk from crystalline solar modules arises
from lead containing solders. Under the right conditions it is possible for the lead to leach into landfill
soils and eventually into water bodies. Notably total lead solder use accounts for only approximately
0.5% of lead use in the United States.
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DESIGN ENGINEERS, INC.

March 12, 2021

C. Nils McKay, Planning Technician
Freetown Planning Board

Freetown Town Hall

3 North Main Street

Assonet, MA 02702

Re:  Sound Attenuation Analysis
Middleboro Road Solar Project — Site Plan Review Application
32 Middleboro Road, Freetown, MA

Dear Members of the Planning Board:
This letter presents a Sound Attenuation Analysis of the proposed Middleboro Road Solar Project.

In general, according to a 2012 study commissioned by the Massachusetts Clean Energy Center,
attached hereto as Exhibit A, sound from a solar array itself is negligible, and sound from typical
inverters and transformers such as those used on this project, is inaudible at setback distances of
50 to 150 feet, depending on ambient noise. The study, which included actual sound measurements
from a fully constructed and operating solar facility, showed that the audible sound level directly
in front of a S00kW Inverter under full power decreases from a high of 73dBA at 10 feet away to
a low of 43dBA, 150 feet away. At 43dBA, the noise emitted by the inverter equipment is
comparable to the noise level in a quiet office or living room. Beyond 150 feet, the inverter is

inaudible.

Specific to the Middleboro Road Solar Project, we have performed an analysis of the sound
generated by the battery storage/central inverter, transformer and string inverters proposed at the
Site to demonstrate that any sound emissions from these components will be diminished over the

long distance to abutting properties.

The Middleboro Road Solar Project proposes to use a 750 kVA liquid-immersed three-phase
distribution transformer, a Sungrow SG125HV String Inverter and Sungrow ST556KWH Series
Lithium-Ion Battery/Centralized Inverter, which emit approximately 57 dB, 60 dB and 70 dB

respectively while in operation. A copy of the Sungrow Noise Level Test Report for the inverter



and battery components can be found attached as Exhibit B while the NEMA Standards
Publication R2000 for Transformers, Regulators and Reactors can be found attached as Exhibit
C. The audible noise level produced by the transformer, battery, string inverter or similar device

over a given distance can be estimated using the following industrial standard equation:

r1
LZ = L1 — |20 X logr—
2

Eq. 1.0

Where r1 (ft) is the reference distance, r2 (ft) is the distance from the sound source, L1 is the sound

(dB) at source (i.e. sound level at r1), and L2 is sound level (dB) at distance r2.

The proposed transformer produces 57 dB (L1) and will be installed approximately 395 feet (r2)
from the closest residential abutting property line, 6 Clermont Way. The equation is filled-in as

follows:

L, =57 —]20 X log% Eq. 1.1
L, =57 — |20 x —2.59|
L, =57 — |-51.9]|
L, =57-51.9
L, =51dB
Per the above calculation, the sound level increase at the 6 Clermont Way property line generated

by the transformer 395 feet away, is estimated to be 5.1 dB during operation (i.e. daytime hours).

Per standard decibel level charts, 5.1 dB is equivalent to faint breathing.

The proposed project string inverter produces 60 dB (L1) and the one closest to a residential
property is approximately 135 feet (r2) from the 6 Clermont Way property line. The equation is

filled-in as follows:

L, =60—|20 % logﬁl5 Eq. 1.1
L, =60—]20 x —2.13|
L, = 60— |—-42.60|
L, =60—42.60
L, =17.4dB
Per the above calculation, sound level increase from the closest string inverter at the 6 Clermont

Way property line is estimated to be 17.4 dB during operation (i.e. daytime hours). Per standard

decibel level charts, 17.4 dB is equivalent to a whisper.
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The proposed battery/central inverter module produces 70 dB (L1) and is located approximately
395 feet (r2) from the closest residential abutter, 9 Pinewood Court. The equation is filled-in as

follows:

L, =70—-]20 X log% Eq. 1.1
L, =70—120 x —2.59|
L, =70—-|-51.93|
L, =70-51.93
L, =18.0dB
Per the above calculation, the sound level increase from the battery/central inverter at the 9

Pinewood Court property line is estimated to be 18.0 dB during operation (i.e. daytime hours). Per

standard decibel level charts, 18.00 dB is equivalent to a whisper.

In practice, the sound will often be reflected or redirected by trees and terrain, reducing the level
even further. Therefore, in our opinion, the calculated values for these components are reflective

of an ideal/controlled environment for acoustic transmission.

Also, for comparison, the typical refrigerator produces 40 dB while in operation and 10 dB is
normal breathing. Accordingly, we can estimate the sound produced by the proposed array will be
negligible at abutting residential properties and, in our opinion, will have no negative audio impact

at the abutting residential properties.
If you have any questions, please feel free to contact us at (508) 888-9282.

Very truly yours,

ATLANTIC DESIGN ENGINEERS, INC.

Richard J. Tabaczynski, P.E.

Vice President

cc: CVE North America, Inc.
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Exhibit A

Study of Acoustic and EMF Levels from Solar Photovoltaic Projects
Massachusetts Clean Energy Center
2012
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EXECUTIVE SUMMARY

Sound pressure level and electromagnetic field (EMF) measurements were made at three utility-scale sites
with solar photovoltaic (PV) arrays with a capacity range of 1,000 to 3,500 kW (DC at STC) under a full-
load condition (sunny skies and the sun at an approximate 40° azimuth). Measurements were taken at set
distances from the inverter pads and along the fenced boundary that encloses the PV array. Measurements
were also made at set distances back from the fenced boundary. Broadband and 1/3-octave band sound

levels were measured, along with the time variation of equipment sound levels.

EMF measurements were also made at one residential PV installation with a capacity of 8.6 kW under a
partial-load condition. PV array operation is related to the intensity of solar insolation. Less sunshine
results in lower sound and EMF levels from the equipment, and no sound or EMF is produced at night
when no power is produced. A description of acoustic terms and metrics is provided in Appendix A, and
EMF terms and metrics are presented in Appendix B. These appendices provide useful information for

interpreting the results in this report and placing them in context, relative to other sound and EMF sources.

Sound levels along the fenced boundary of the PV arrays were generally at background levels, though a
faint inverter hum could be heard at some locations. Any sound from the PV array and equipment was
inaudible at set back distances of 50 to 150 feet from the boundary. Average Leq sound levels at a distance
of 10 feet from the inverter face varied over the range of 48 dBA to 61 dBA for Site 2 and Site 3
Inverters®, and were higher in the range of 59 to 72 dBA for Site 1 Inverters. Along the axis perpendicular
to the plane of the inverter face and at distances of 10 to 30 feet, sound levels were 4 to 13 dBA higher
compared to levels at the same distance along the axis parallel to the inverter face. At 150 feet from the
inverter pad, sound levels approached background levels. Sound level measurements generally followed
the hemispherical wave spreading law (-6 dB per doubling of distance).

The time domain analysis reveals that 0.1-second Leq sound levels at a distance of 10 feet from an inverter
pad generally varied over a range of 2 to 6 dBA, and no recurring pattern in the rise and fall of the inverter
sound levels with time was detected. The passage of clouds across the face of the sun caused cooling fans
in the inverters to briefly turn off and sound levels to drop 4 dBA.

! The same make of inverters were used at Sites 2 and 3.



The 1/3-octave band frequency spectrum of inverter sound at the close distance of 10 feet shows energy
peaks in several mid-frequency and high-frequency bands, depending on the inverter model. Tonal sound
was found to occur in harmonic pairs: 63/125 Hz; 315/630 Hz; 3,150/6,300 Hz; and 5,000/10,000 Hz.
The high frequency peaks produce the characteristic “ringing noise” or high-frequency buzz heard when
one stands close to an operating inverter. The tonal sound was not, however, audible at distances of 50 to
150 feet beyond the PV array boundary, and these tonal peaks do not appear in the background sound

spectrum. All low-frequency sound from the inverters below 40 Hz is inaudible, at all distances.

The International Commission on Non-lonizing Radiation Protection (ICNIRP) has a recommended
electric field level exposure limit of 4,200 Volts/meter (VV/m) for the general public. At the utility scale

sites, electric field levels along the fenced PV array boundary, and at the locations set back 50 to 150 feet
from the boundary, were not elevated above background levels (< 5 V/m). Electric fields near the
inverters were also not elevated above background levels (<5 V/m). Atthe residential site, indoor electric
fields in the rooms closest to the roof-mounted panels and at locations near the inverters were not elevated

above background levels (< 5 V/m).

The International Commission on Non-lonizing Radiation Protection has a recommended magnetic field
level exposure limit of 833 milli-Gauss (mG) for the general public. At the utility scale sites, magnetic
field levels along the fenced PV array boundary were in the very low range of 0.2 to 0.4 mG. Magnetic
field levels at the locations 50 to 150 feet from the fenced array boundary were not elevated above
background levels (<0.2 mG). There are significant magnetic fields at locations a few feet from these
utility-scale inverters, in the range of 150 to 500 mG. At a distance of 150 feet from the inverters, these
fields drop back to very low levels of 0.5 mG or less, and in many cases to background levels (<0.2 mG).
The variation of magnetic field with distance generally shows the field strength is proportional to the

inverse cube of the distance from equipment.

At the residential site, indoor magnetic field levels in the rooms closest to the roof-mounted panels were in

the low range of 0.2 to 1.4 mG. There are low-level magnetic fields at locations a few feet from the
inverters, in the range of 6 to 10 mG. At a distance of no more than 9 feet from the inverters, these fields
dropped back to the background level at this residential site of 0.2 mG. Due to the relatively high
background level in the residential site basement where the inverters were housed, the relationship of
magnetic field strength to distance from the inverters could not be discerned.

iv



TABLE OF CONTENTS

Section Contents Page
1.0 INTRODUGCTION ...ttt ettt sttt s an et eeebe e e neesnn e 1
2.0 MEASUREMENT METHODS AND LOCATIONS. ... 4
3.0 MEASUREMENT RESULTS ...ttt e 6

3.1 Site 1 — AChUSNEE ADM ....c.oiiiiiiiiciiiee e 6
3.2 Site 2 — SoUthbOroUgh SOIAT ........coviiiiiiee e 15
3.3 Site 3= NOMOIK SOIAN .....coiitiiiiciee e 23
3.4 Site 4 — Residential Solar at Mass. Audubon Society in Sharon...............ccccuee..e. 30
4.0 CONGCLUSIONS ...ttt ettt et sae e et e et e e b e e nne e e 32

APPENDIX A ACOUSTICTERMS AND METRICS........coiiiieeeeeiee LA
APPENDIX B EMFTERMSAND METRICS. ... B-1



1.0 INTRODUCTION

The goal of this study is to conduct measurements at several ground-mounted PV arrays in
Massachusetts to determine the sound pressure levels and electromagnetic field (EMF) levels generated
by PV arrays and the equipment pads holding inverters and small transformers. This information will
be used to inform local decision-makers and the public about the acoustic and EMF levels in the

vicinity of PV projects.

Measurements were made at three utility-scale sites having PV arrays with a capacity range of 1,000 to
3,500 kW (DC at STC), with weather conditions consisting of sunny skies and the sun at
approximately 40° azimuth. Measurements were also made at one residential® PV installation with a
capacity of 8.6 kW under a partial-load condition. Sound level and EMF data were collected at set
distances from the inverter pads and along the fenced boundary of the PV array. Measurements were
also made at set distances back from the fenced boundary. Broadband and 1/3-octave band sound
levels were measured, along with the time variation of equipment sound levels. Figure 1 shows a
schematic map of a typical utility scale PV array containing four inverter pads and a fenced boundary.
The orange stars show typical measurement locations around the fenced boundary of the array and at
fixed set back distances of 50 feet, 100 feet, and 150 feet from the boundary. The green stars represent
typical measurement locations at three set back distances from inverters on two of the equipment pads.
At each equipment pad that was sampled, sound level measurements were made in two directions:
along an axis parallel to the inverter face and along an axis perpendicular to the inverter face. Figure 2

illustrates a sound meter setup along the axis perpendicular to (90° from) an inverter face.

Section 2.0 of this report describes the measurement methods and locations, while Section 3.0 presents
the measurement results in detail for the four sites. Study conclusions are given in Section 4.0. A
description of acoustic terms and metrics is provided in Appendix A, and EMF terms and metrics are
presented in Appendix B. These appendices provide useful information for interpreting the results in

this report and placing them in context, relative to other sound and EMF sources.

2 Only EMF measurements were made at the residential site.
1



Figure 1. Schematic Map of Sound and EMF Measurement
Locations at a Solar Photovoltaic (PV) Array



Figure 2. Sound Level Meter on the Axis Perpendicular to the
Face of an Inverter at a Solar Photovoltaic (PV) Array



2.0 MEASUREMENT METHODS AND LOCATIONS

Sound pressure and EMF levels were measured along the fenced boundary of each PV array, at three
set back distances from the boundary, and at fixed distances from equipment pads housing inverters
and transformers (see Figures 1 and 2). Sound levels were measured with a tripod-mounted ANSI
Type 1 sound meter, a Bruel & Kjaer Model 2250 meter, equipped with a large 7-inch ACO-Pacific
WS7-80T 175 mm (7-inch) wind screen that is oversize and specially designed to screen out wind flow
noise. An experimental study of wind-induced noise and windscreen attenuation effects by Hessler®
found that the WS7-80T windscreen keeps wind-induced noise at the infrasound frequency band of 16
Hz to no more than 42 dB for moderate across-the—microphone wind speeds. That minimal level of

wind-induced noise is 8 to 20 dB below the 16-Hz levels measured in this study.

The B&K Model 2250 measures 1/3-octave bands down to 6.3 Hz, well into the infrasonic range, and
up to 20,000 Hz, the upper threshold of human hearing. The sound meter first recorded short-term (1-
minute Leq and Lgo) broadband sound levels (in A-weighted decibels, dBA) at the established survey
points. Then the sound meter was placed at the nearest measurement distance to each equipment pad
to record a 10-minute time series of broadband and 1/3-octave band Leq sound levels (in decibels, dB)
at 0.1-second intervals. The Lgo sound level removes intermittent noise and thus is lower than the Leq

sound level in the tables of results provided in Section 3.

EMF levels of both the magnetic field (in milliGauss, mG) and the electric field (in Volts/meter, VV/m)
were measured using a pair of Trifield Model 100XE EMF Meters. These instruments perform three-
axis sampling simultaneously, enabling rapid survey of an area. The Trifield meters have a range for
magnetic fields of 0.2 to 10,000 mG, and for electric fields from 5 to 1,000 V/m. EMF measurements

were taken at the same survey points as the sound level measurements.

Measurements were made along the fenced boundary around each PV array at four to six evenly-
spaced locations (depending on the size of the array), and at three additional locations set back 50 feet,
100 feet, and 150 feet from the boundary. At each equipment pad that was sampled, sound level

® Hessler, G., Hessler, D., Brandstatt, P., and Bay, K., “Experimental study to determine wind-induced noise and
windscreen attenuation effects on microphone response for environmental wind turbine and other applications”, Noise

Control Eng. J., 56(4), 2008.
4



measurements were made in two directions: parallel to the inverter face, and perpendicular to the
equipment face. The closest sound monitoring location was selected at a distance “1X” where the
inverter or transformer sound was clearly audible above background levels. The closest EMF
monitoring location was selected at a distance “1X” where magnetic field levels were approximately
500 mG, a level that is below the ICNIRP-recommended* human exposure limit of 833 mG (see
Appendix B). Additional sampling points were then placed at distances® of 2X, 3X, and at 150 feet
from the equipment pad, in the two orthogonal directions. There were a total of eight monitoring
locations for each equipment pad, and seven to nine locations for the PV array boundary.

Measurements were made on October 11, 17, 22 and 26, 2012 around 12:30 p.m. EDT, the time of
peak solar azimuth, and only on days for which clear skies were forecast to maximize solar insolation
to the PV array. The peak solar azimuth in southern Massachusetts was approximately 40° azimuth on
these dates. Consistent with standard industry practice, background levels of sound and EMF were
measured at representative sites outside the fenced boundary of the PV array and far enough away to
not be influenced by it or any other significant nearby source. The background levels presented for
each site were made at distances of 50 feet, 100 feet, and 150 feet from the fenced boundary around the

PV array (see Figure 1).

* International Commission on Non-lonizing Radiation Protection.
® Location 2X is twice the distance from the equipment as location 1X; Location 3X is three times that distance.

5



3.0 MEASUREMENT RESULTS

Sound and EMF measurements were made at the following four PV arrays, presented in the following

sections:

Site 1 — Achusnet ADM, Wareham, MA

Site 2 — Southborough Solar, Southborough, MA

Site 3 — Norfolk Solar, Norfolk, MA

Site 4 — Residential PV array owned by Massachusetts Audubon Society, Sharon, MA

3.1 Site 1 — Achusnet ADM

Facility Location: 27 Charlotte Furnace Road, Wareham, MA
Facility Owner: Borrego Solar Systems, Inc.
System Capacity: 3,500 kW
Power Output During
Monitoring: 3,500 kW
No. & Size Inverters:  (7) 500-kW inverters
Date Measured: Thursday October 11, 2012
Cloud Cover: 0%
Winds: West 10-12 mph
Ground: Open area between cranberry bogs, no buildings or vegetation.

Background Sound: Mean value L¢q of 46.4 dBA (range of 45.6 to 47.0 dBA). Mean value of Lgg
43.9 dBA (range of 41.6 to 45.4 dBA). Sources included highway traffic on
1-495 (to the south), earthmoving equipment to the east, birds and other
natural sounds.

Background EMF: None (< 0.2 mG and < 5 V/m) except along southern boundary from hi-
voltage power lines overhead, and near the eastern boundary from low-
voltage power lines overhead.

The solar photovoltaic array is in a flat area between cranberry bogs east of Charlotte Furnace Road in
Wareham and the boundary of the array is fenced. The surrounding area has no buildings or
vegetation. There are four equipment pads within the PV array, each housing one or two inverters.
Measurements were made at two equipment pads: 1) the Northwest Pad, which contains two inverters
and a small transformer, and 2) the Northeast Pad, which has one inverter and a small transformer.
The sound and EMF measurements made at Site 1 are summarized in Tables 1 through 3. Figures 3

and 4 present a time series graph of 0.1-second Leq sound levels at the nearest measurement location



(1X) for the Northwest and Northeast Equipment Pads, while Figure 5 provides the corresponding 1/3-
octave band spectra for the sound level measurements at those same locations along with the spectrum

for background sound levels.

Sound Levels

Background sound levels varied over time and space across the site. Highway traffic noise was the
primary background sound source and higher levels were measured for locations on the south side of
the site closer to the highway. Variable background sound was also produced by trucking activity to
the east of the PV array, where sand excavated during the PV array’s construction and stored in large
piles was being loaded with heavy equipment into dump trucks and hauled away. Background sound
levels varied over a range of 6 dBA. Background mean value Leq and Lgo levels were 46.4 dBA and
43.9 dBA, respectively. The PV array was inaudible outside of the fenced boundary, and was also
inaudible everywhere along the boundary except at the North East boundary location where a faint
inverter hum could be heard. Broadband sound levels at the locations set back 50 to 150 feet from the

boundary are not elevated above background levels.

Leq sound levels at a distance of 10 feet from the inverter face on the North West Pad (which holds two
500-kW inverters) were 68.6 to 72.7 dBA and at the same distance from the North East Pad (which
holds only one 500-kW inverter) were lower at 59.8 to 66.0 dBA. Along the axis perpendicular to the
inverter face measured sound levels were 4 to 6 dBA higher than at the same distance along the axis
parallel to the inverter face. The sound levels generally declined with distance following the
hemispherical wave spreading law (approximately -6 dB per doubling of distance) and at a distance of
150 feet all inverter sounds approached background sound levels. Due to the layout of the solar panels,
the measurements made perpendicular to the inverter face and at a distance of 150 feet were blocked
from a clear line of sight to the inverter pad by many rows of solar panels, which acted as sound

barriers.

The time domain analysis presented in Figures 3 and 4 reveal that 0.1-second Leq sound levels at the
close distance of 10 feet generally varied 3 to 4 dBA at the North West Pad and 2 to 3 dBA at the

North East Pad. The graphs show no recurring pattern in the rise and fall of the inverter sound levels



over the measurement period of ten minutes. The inverters registered full 500-kW capacity during both

10-minute monitoring periods.

The frequency spectrum of equipment sound at the close distance of 10 feet (Figure 5) shows energy
peaks in four 1/3-octave bands, which are most pronounced for the North West Pad: 315 Hz, 630 Hz,
3,150 Hz, and 6,300 Hz. The two higher frequency peaks produce the characteristic “ringing noise” or
high-frequency buzz heard when one stands close to an operating inverter. The second frequency peak
in each pair is a first-harmonic tone (6,300 Hz being twice the frequency of 3,150 Hz). The tonal
sound exhibited by Figure 5 is not, however, audible at distances of 50 to 150 feet beyond the PV array
boundary, and these tonal peaks do not appear in the background sound spectrum shown in Figure 5.
The dashed line in Figure 5 is the 1SO 226 hearing threshold and it reveals that low-frequency sound
from the inverters below 40 Hz is inaudible, even at a close distance. The background sound spectrum
is smooth except for a broad peak around 800 Hz caused by distant highway traffic noise and a peak at

8,000 Hz that represents song birds.

Electric Fields

Electric field levels along the PV array boundary, and at the locations set back 50 to 150 feet from the
boundary, are not elevated above background levels (<5 V/m). The one measurement at 5.0 V/m in
Table 1 was caused by the field around a nearby low-voltage power line overhead. Electric fields near
the inverters are also not elevated above background levels (<5 V/m). The one measurement at 10.0
V/m in Table 3 was caused by the meter being close to the front face of a solar panel at the 150-foot set

back distance.

Magnetic Fields

Magnetic field levels along the PV array boundary and 50 feet from the boundary were in the very low
range of 0.2 to 0.3 mG, except at the southern end of the boundary that is close to overhead high-
voltage power lines, owned by the local utility and not connected to the project, where levels of 0.7 to
3 mG were measured, caused by those hi-voltage power lines. Magnetic field levels at the location 100
feet from the boundary were elevated by a low-voltage power line overhead. At 150 feet from the

boundary, the magnetic field is not elevated above background levels (<0.2 mG).



Table 3 reveals that there are significant magnetic fields at locations a few feet from inverters, around
500 mG. These levels drop back to 0.2 to 0.5 mG at distances of 150 feet from the inverters. The
variation of magnetic field with distance shown in Table 3 generally shows the field strength is
proportional to the inverse cube of the distance from equipment. Following that law, the magnetic
field at 5 feet of 500 mG should decline to 0.02 mG (< 0.2 mG) at 150 feet. The measured levels of
0.1 to 0.5 mG at 150 feet listed in Table 3 are likely caused by small-scale magnetic fields setup
around the PV cells and connecting cables near the sampling locations.

TABLE 1

SOUND AND EMF LEVELS MEASURED AT SITE 1
PV ARRAY BOUNDARY

|| T

(mG) (V/m)
North West Boundary 39.1 42.5 <0.2 <5
South West Boundary 43.6 44.7 1.8 <5
South Center Boundary 44.8 48.1 3.0 <5
South East Boundary 44.0 45.6 0.7 <5
North East Boundary 42.2 43.9 <0.2 <5
North Center Boundary 43.4 44.3 0.3 <5
Background Mean Values 43.9 46.4 <0.2 <5
Set back 50 feet from Boundary 41.6 47.0 0.2 <5
Set back 100 feet from Boundary 45.4 46.7 0.4 5.0
Set back 150 feet from Boundary 44.7 45.6 <0.2 <5




TABLE 2

SOUND LEVELS MEASURED AT SITE 1

EQUIPMENT PADS

Equipment Pad / Direction / Lgo Level Leq Level
Distance (dBA) (dBA)
North West Pad / Parallel to Inverter Face / 10 feet 67.6 68.6
North West Pad / Parallel to Inverter Face / 20 feet 61.8 63.1
North West Pad / Parallel to Inverter Face / 30 feet 58.8 60.6
North West Pad / Parallel to Inverter Face / 150 feet 45.2 46.0
North West Pad / Perpendicular to Inverter Face / 10 feet 71.8 72.7
North West Pad / Perpendicular to Inverter Face / 20 feet 63.5 64.8
North West Pad / Perpendicular to Inverter Face / 30 feet 59.5 62.3
North West Pad / Perpendicular to Inverter Face / 150 feet 41.8 43.0
North East Pad / Parallel to Inverter Face / 10 feet 59.1 59.8
North East Pad / Parallel to Inverter Face / 20 feet 55.4 56.2
North East Pad / Parallel to Inverter Face / 30 feet 54.8 55.7
North East Pad / Parallel to Inverter Face / 150 feet 43.4 44.0
North East Pad / Perpendicular to Inverter Face / 10 feet 65.5 66.0
North East Pad / Perpendicular to Inverter Face / 20 feet 59.8 60.2
North East Pad / Perpendicular to Inverter Face / 30 feet 56.3 56.9
North East Pad / Perpendicular to Inverter Face / 150 feet 41.0 43.6
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TABLE 3

EMF LEVELS MEASURED AT SITE 1

EQUIPMENT PADS

Equipmen[t) iigjné (Iai)irection/ Mggi;;ztic Figllgc(t\l;i/(r:n :
(mG)
North West Pad / Parallel to Inverter Face / 5 feet 3 inches 500 <5
North West Pad / Parallel to Inverter Face / 10 feet 6 inches 10.5 <5
North West Pad / Parallel to Inverter Face / 15 feet 9 inches 2.75 <5
North West Pad / Parallel to Inverter Face / 150 feet 0.2 <5
North West Pad / Perpendicular to Inverter Face / 4 feet 500 <5
North West Pad / Perpendicular to Inverter Face / 8 feet 200 <5
North West Pad / Perpendicular to Inverter Face / 12 feet 6.5 <5
North West Pad / Perpendicular to Inverter Face / 150 feet 0.5 <5
North East Pad / Parallel to Inverter Face / 3 feet 10 inches 500 <5
North East Pad / Parallel to Inverter Face / 7 feet 8 inches 30 <5
North East Pad / Parallel to Inverter Face / 11 feet 10 inches 4.5 <5
North East Pad / Parallel to Inverter Face / 150 feet 0.2 10.0
North East Pad / Perpendicular to Inverter Face / 7 feet 6 inches 500 <5
North East Pad / Perpendicular to Inverter Face / 15 feet 10 <5
North East Pad / Perpendicular to Inverter Face / 22 feet 6 inches 2.1 <5
North East Pad / Perpendicular to Inverter Face / 150 feet 0.1 <5
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Figure 4. Time Variation of Sound Levels (Leq) at a Distance of 10 Feet from the Inverter Pads

for Site #1 - First 10 Seconds of Measurements
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Figure 5. Frequency Spectrum of Sound Levels (Leq) at a Distance of 10 Feet from the
Inverter Pads for Site #1
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3.2 Site 2 — Southborough Solar

Facility Location: 146 Cordaville Road, Southborough, MA
Facility Owner: Southborough Solar, LLC
System Capacity: 1,000 kW
Power Output During
Monitoring: 1,000 kW
No. & Size Inverters:  (2) 500-kW inverters
Date Measured: Wednesday October 17, 2012
Cloud Cover: 5% (high, thin cirrus)
Winds: Northwest 3-5 mph
Ground: Wooded areas and wetlands surround the PV array, and a building is located

to the south where the inverters are housed.
Background Sound: Mean value Leq 0f 53.1 dBA (range of 51.0 to 55.9 dBA). Mean value Lgo of
49.6 dBA (range of 48.6 to 50.3 dBA). Sources included roadway traffic on
Cordaville Road (to the west) and Route 9 (to the north) and natural sounds.
Background EMF: None (< 0.2 mG and <5 V/m).

The solar photovoltaic array is in a cleared area of land east of Cordaville Road in Southborough and
the boundary of the array is fenced. The array is surrounded by wetlands and woods. The two
inverters are not within the PV array; instead they are located on a single pad at the southeast corner of
the building that lies south of the PV array. Measurements were made at the one equipment pad
housing the two inverters. Due to the close proximity of wetlands to the fenced boundary for the PV
array, it was not possible to obtain measurements 50 to 150 feet from the boundary. Instead,
measurements were taken 50 to 150 feet set back from the property boundary of the site near where the
inverter pad is located. The sound and EMF measurements made at Site 2 are summarized in Tables 4
through 6. Figures 6 and 7 present a time series graph of 0.1-second Leq sound levels at the nearest
measurement location (1X) for the equipment pad, while Figure 8 provides the corresponding 1/3-
octave band spectra for the sound level measurements at those same locations along with the spectrum

for background sound levels.

Sound Levels

Background sound levels varied over time and space across the site, depending on the distance from
Cordaville Road, which carries heavy traffic volumes. Roadway traffic noise was the primary
background sound source and higher levels were measured for locations on the west side of the site
closer to Cordaville Road. Background sound levels varied over a range of 5 to 7 dBA. The

background mean value L¢q and Lgo levels were 53.1 dBA and 49.6 dBA, respectively. The inverters
15



were inaudible at a distance of 50 feet outside of the site boundary. Broadband sound levels at the

locations set back 50 to 150 feet from the boundary are not elevated above background levels.

Leq Sound levels at a distance of 10 feet from the inverter face on the equipment pad (which holds two
500-kW inverters) were 48.1 to 60.8 dBA. Along the axis perpendicular to the inverter face, measured
sound levels were 10 to 13 dBA higher than at the same distance along the axis parallel to the inverter
face. The sound levels did not follow the expected hemispherical wave spreading law (approximately
-6 dB per doubling of distance) and declined at a lower rate with increasing distance due to the
relatively high background sound levels from nearby roadway traffic. At a distance of 150 feet, all

inverter sounds were below background sound levels.

The time domain analysis presented in Figures 6 and 7 reveal that 0.1-second Leq sound levels at the
close distance of 10 feet generally varied 5 to 6 dBA. The graphs show no recurring pattern in the rise
and fall of the inverter sound levels over the measurement period of ten minutes. The rise and fall in
inverter sound levels over several minutes is thought to be due to the passage of sheets of high thin
cirrus clouds across the face of the sun during the measurements. The inverters registered full 500-kW

capacity during both 10-minute monitoring periods.

The frequency spectrum of equipment sound at the close distance of 10 feet (Figure 8) shows energy
peaks in two 1/3-octave bands: 5,000 and 10,000 Hz. These high frequency peaks produce the
characteristic “ringing noise” or high-frequency buzz heard when one stands close to an operating
inverter. The second frequency peak is a first-harmonic tone (10 kHz being twice the frequency of 5
kHz). The tonal sound exhibited by Figure 8 is not, however, audible at distances of 50 to 150 feet
beyond the site boundary, and these tonal peaks do not appear in the background sound spectrum
shown in Figure 8. The dashed line in Figure 8 is the ISO 226 hearing threshold and it reveals that
low-frequency sound from the inverters below 40 Hz is inaudible, even at a close distance. The
background sound spectrum declines smoothly with increasing frequency in the audible range except

for a rise around 800 to 2,000 Hz caused by nearby roadway traffic noise.
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Electric Fields

Electric field levels along the PV array boundary, and at the locations set back 50 to 150 feet from the

site boundary, are not elevated above background levels (< 5 V/m).

Maaqgnetic Fields

Magnetic field levels along the PV array boundary were in the very low range of 0.2 to 0.4 mG.

Magnetic field levels at the locations 50 to 150 feet from the site boundary were not elevated above

background levels (<0.2 mG).

Table 6 reveals that there are significant magnetic fields at locations a few feet from inverters, in the

range of 200 to 500 mG. These levels drop back to background levels (<0.2 mG) at distances of 95 to

150 feet from the inverters. The variation of magnetic field with distance shown in Table 6 generally

shows the field strength is proportional to the inverse cube of the distance from equipment.

TABLE 4

SOUND AND EMF LEVELS MEASURED AT SITE 2
PV ARRAY BOUNDARY

T oo | Lok | VR |
(mG) (V/m)
North West Boundary 53.3 544 0.2 <5
South West Boundary 52.4 54.4 0.2 <5
South East Boundary 48.3 50.8 0.4 <5
North East Boundary 46.8 49.8 <0.2 <5
Background Mean Values 49.6 53.1 <0.2 <5
Set back 50 feet from Boundary 50.3 52.3 <0.2 <5
Set back 100 feet from Boundary 49.9 55.9 <0.2 <5
Set back 150 feet from Boundary 48.6 51.0 <0.2 <5
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TABLE 5

SOUND LEVELS MEASURED AT SITE 2
EQUIPMENT PAD

Equipment Pad / Direction / Lgo Level Leq Level
Distance (dBA) (dBA)
Parallel to Inverter Face / 10 feet 46.7 48.1
Parallel to Inverter Face / 20 feet 44.8 46.2
Parallel to Inverter Face / 30 feet 44.3 45.6
Parallel to Inverter Face / 95 feet* 44.0 45.6
Perpendicular to Inverter Face / 10 feet 59.9 60.8
Perpendicular to Inverter Face / 20 feet 57.3 58.7
Perpendicular to Inverter Face / 30 feet 53.4 54.5
Perpendicular to Inverter Face / 150 feet 46.2 47.5

*Measurements could not be taken at 150 feet parallel to inverter face because of the close proximity of
wetlands. Instead, a measurement was made at the farthest practical distance in that direction at 95 feet.
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TABLE 6

EMF LEVELS MEASURED AT SITE 2
EQUIPMENT PAD

Equipmen[t) il:;dné (Iei)irection/ Mg?;edtic Fisllgc(t\l;ilﬁn :
(mG)
Parallel to Inverter Face / 4 feet 200 <5
Parallel to Inverter Face / 8 feet 10 <5
Parallel to Inverter Face / 12 feet 0.8 <5
Parallel to Inverter Face / 95 feet* <0.2 <5
Perpendicular to Inverter Face / 4 feet 500 <5
Perpendicular to Inverter Face / 8 feet 25 <5
Perpendicular to Inverter Face / 12 feet 4.5 <5
Perpendicular to Inverter Face / 150 feet <0.2 <5

*Measurements could not be taken at 150 feet parallel to inverter face because of the close proximity of
wetlands. Instead, a measurement was made at the farthest practical distance in that direction at 95 feet.
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Figure 6. Time Variation of Sound Levels (Leq) at a Distance of 10 Feet from the Inverter Pad

for Site #2
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Figure 7. Time Variation of Sound Levels (Leq) at a Distance of 10 Feet from the Inverter Pad

for Site #2 - First 10 Seconds of Measurements
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3.3 Site 3 — Norfolk Solar

Facility Location: 33 Medway Branch Road, Norfolk, MA
Facility Owner: Constellation Solar Massachusetts, LLC
System Capacity: 1,375 kW
Power Output During
Monitoring: 1,200 to 1,375 kW
No. & Size Inverters:  (2) 500-kW inverters and (1) 375-kW inverter
Date Measured: Monday October 22, 2012
Sky Cover: 10% (passing small cumulus clouds)
Winds: West 10-12 mph
Ground: One PV array sits high on top of the closed landfill with grass cover and no

surrounding vegetation. The other, larger PV array is in a wooded area on
relatively flat ground. Measurements were made at the larger PV array.
Background Sound: Mean value L¢q of 45.3 dBA (range of 43.1to 47.5 dBA). Mean value Lgg Of
42.5 dBA (range of 42.1t0 43.2 dBA). Sources included distant traffic noise
and natural sounds.
Background EMF: None (< 0.2 mG and <5 V/m).

There are two solar photovoltaic arrays on the land of the Town of the Norfolk Department of Public
Works. One array sits on top of a capped landfill and has a single equipment pad with one inverter.
The second, and larger, array is in a cleared flat area east of the capped landfill and has a single
equipment pad housing two inverters. The boundaries of the PV arrays are fenced. The surrounding
area has only grass cover or low vegetation. Measurements were made at the larger PV array and at
the equipment pad housing two inverters with a capacity of 875 kW. The sound and EMF
measurements made at Site 3 are summarized in Tables 7 through 9. Figures 9 and 10 present a time
series graph of 0.1-second Legsound levels at the nearest measurement location (1X) for the equipment
pad, while Figure 11 provides the corresponding 1/3-octave band spectra for the sound level

measurements at those same locations along with the spectrum for background sound levels.

Sound Levels

Background sound levels were fairly constant across the site and distant roadway traffic was the
primary background sound source. The background mean value Leq and Lgo levels were 45.3 dBA and
42.5 dBA, respectively. The PV array was inaudible outside of the fenced boundary except at the
South East boundary location where a faint inverter hum could be heard. Broadband sound levels at
the locations set back 50 to 150 feet from the boundary are not elevated above background levels.
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Leq sound levels at a distance of 10 feet from the inverter face on the equipment pad (which holds two
inverters) were 54.8 to 60.9 dBA. Along the axis perpendicular to the inverter face measured sound
levels were 6 to 7 dBA higher than at the same distance along the axis parallel to the inverter face. The
sound levels generally followed the expected hemispherical wave spreading law (approximately -6 dB
per doubling of distance). Ata distance of 150 feet, all inverter sounds were below background sound

levels.

The time domain analysis presented in Figures 9 and 10 reveal that 0.1-second Lq sound levels at the
close distance of 10 feet generally varied 3 to 4 dBA. The graphs show no recurring pattern in the rise
and fall of the inverter sound levels over the measurement period of ten minutes. Between 7 and 9
minutes into the 10-minute measurement, clouds passed over the face of the sun, power production
dropped, and the inverter cooling fans turned off for a brief period, as shown by the abrupt 4 dBA drop

in sound level in Figure 9.

The frequency spectrum of equipment sound at the close distance of 10 feet (Figure 11) shows energy
peaks in four 1/3-octave bands: 63, 125, 5,000 and 10,000 Hz. The high frequency peaks produce the
characteristic “ringing noise” or high-frequency buzz heard when one stands close to an operating
inverter. The second frequency peak in each pair is a first-harmonic tone (10 kHz being twice the
frequency of 5 kHz). The tonal sound exhibited by Figure 11 is not, however, audible at distances of
50 to 150 feet beyond the site boundary, and these tonal peaks do not appear in the background sound
spectrum shown in Figure 11. The dashed line in Figure 11 is the 1SO 226 hearing threshold and it
reveals that low-frequency sound from the inverters below 40 Hz is inaudible, even at a close distance.
The background sound spectrum declines smoothly with increasing frequency in the audible range

except for a slight rise around 800 to 2,000 Hz caused by distant roadway traffic noise.

Electric Fields

Electric field levels along the PV array boundary, and at the locations set back 50 to 150 feet from the

site boundary, are not elevated above background levels (<5 V/m).
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Maaqgnetic Fields

Magnetic field levels along the PV array boundary were in the very low range, at or below 0.2 mG.

Magnetic field levels at the locations 50 to 150 feet from the site boundary were not elevated above

background levels (<0.2 mG).

Table 9 reveals that there are significant magnetic fields at locations a few feet from inverters, in the

range of 150 to 500 mG. These levels drop back to levels of 0.4 mG in the perpendicular direction and

to background levels (<0.2 mG) in the parallel direction at 150 feet from the inverters. The variation of

magnetic field with distance shown in Table 9 generally shows the field strength is proportional to the

inverse cube of the distance from equipment.

TABLE 7

SOUND AND EMF LEVELS MEASURED AT SITE 3
PV ARRAY BOUNDARY

T oo | Lok | VR |
(mG) (V/m)
North West Boundary 46.2 48.3 <0.2 <5
South West Boundary 48.9 50.6 <0.2 <5
South East Boundary 43.3 44.3 0.2 <5
North East Boundary 43.9 46.1 <0.2 <5
Background Mean Values 42.5 45.3 <0.2 <5
Set back 50 feet from Boundary 43.2 47.5 <0.2 <5
Set back 100 feet from Boundary 42.2 45.4 <0.2 <5
Set back 150 feet from Boundary 42.1 43.1 <0.2 <5
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TABLE 8

SOUND LEVELS MEASURED AT SITE 3
EQUIPMENT PAD

Equipment Pad / Direction / Loo Level Leq Level
Distance (dBA) (dBA)
Perpendicular to Inverter Face / 10 feet 59.7 60.9
Perpendicular to Inverter Face / 20 feet 57.3 58.6
Perpendicular to Inverter Face / 30 feet 49.4 50.1
Perpendicular to Inverter Face / 150 feet 43.9 47.0
Parallel to Inverter Face / 10 feet 53.9 54.8
Parallel to Inverter Face / 20 feet 50.6 51.3
Parallel to Inverter Face / 30 feet 45.5 48.0
Parallel to Inverter Face / 150 feet 41.8 43.7
TABLE 9
EMF LEVELS MEASURED AT SITE 3
EQUIPMENT PAD
Equipment Pad / Direction / Mlzignetic Electric
Distance &b Field (V/m)
(mG)
Parallel to Inverter Face / 3 feet 150 <5
Parallel to Inverter Face / 6 feet 10 <5
Parallel to Inverter Face / 9 feet 5 <5
Parallel to Inverter Face / 150 feet <0.2 <5
Perpendicular to Inverter Face / 3 feet 500 <5
Perpendicular to Inverter Face / 6 feet 200 <5
Perpendicular to Inverter Face / 9 feet 80 <5
Perpendicular to Inverter Face / 150 feet 0.4 <5
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Figure 9. Time Variation of Sound Levels (Leq) at a Distance of 10 Feet from the Inverter Pad
for Site #3
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Figure 10. Time Variation of Sound Levels (Leq) at a Distance of 10 Feet from the Inverter Pad
for Site #3 - First 10 Seconds of Measurements
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Figure 11. Frequency Spectrum of Sound Levels (Leq) at a Distance of 10 Feet from the
Inverter Pad at Site #3
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3.4 Site 4 — Residential Solar at Mass. Audubon Society in Sharon

Facility Location: Moose Hill Sanctuary, 293 Moose Hill Road, Sharon, MA
Facility Owner: Massachusetts Audubon Society
System Capacity: 8.6 kW
Power Output During
Monitoring: 4.2 kW
No. & Size Inverters: (1) 5-kW inverter and (1) 3.6-kW inverter
Date Measured: Friday October 26, 2012
Sky Cover: 50% (scattered clouds)
Winds: Northwest 0-3 mph
Ground: (42) Evergreen solar panels are mounted on the pitched roof of the two-story

building and face south. The ground around the site is cleared and opens to
the south with surrounding woods at a distance.

Background EMF: None in occupied rooms (< 0.2 mG and <5 V/m). In the basement storage
space where the inverters were housed, a background magnetic field of 2 mG
was present and the background electric field was <5 V/m.

EMF measurements were made inside the headquarters building of the Massachusetts Audubon Moose
Hill Sanctuary. No sound measurements were made for this residential sized solar installation. The
EMF measurements were made in rooms on the second floor of the building, the closest locations
occupants have to the roof-mounted panels. Measurements were also made at the inverters inside the
basement of the building, in a space not readily accessible to the public. The EMF measurements

made at Site 4 are summarized in Tables 10 and 11.

Electric Fields

Electric field levels in the rooms on the top floor, nearest the roof-mounted solar panels are not

elevated above background levels (<5 V/m). Inthe basement, electric fields near the inverters (3 feet)

are not elevated above background levels (< 5 V/m).

Maaqgnetic Fields

Magnetic field levels in the rooms on the top floor, nearest the roof-mounted solar panels were in the
very low range of 0.2 to 1.4 mG. Table 11 reveals that there are low-level magnetic fields at locations
a few feet from inverters, around 6 to 10 mG. These levels dropped back to a floor of 2 mG at a
distance of 6 to 9 feet from the inverters. Nearby electrical lines and other equipment in the basement

created a background of 2 mG in the space where the inverters were housed.
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TABLE 10

EMF LEVELS MEASURED INSIDE THE RESIDENTIAL BUILDING, TOP FLOOR

AT SITE 4
Ty "o |
(mG) (V/m)
North West Room 0.9 <5
South West Room 1.4 <5
South East Room 0.2 <5
North East Room 0.5 <5
TABLE 11
EMF LEVELS MEASURED INSIDE THE RESIDENTIAL BUILDING, BASEMENT
AT SITE 4
Equipment Pad / Direction / Mlzignetic Electric
Distance &b Field (V/m)
(mG)
Parallel to Inverter Face / 3 feet 10 <5
Parallel to Inverter Face / 6 feet 6 <5
Parallel to Inverter Face / 9 feet 2 <5
Parallel to Inverter Face / 15 feet 2 <5
Perpendicular to Inverter Face / 3 feet 6 <5
Perpendicular to Inverter Face / 6 feet 2 <5
Perpendicular to Inverter Face / 9 feet 2 <5
Perpendicular to Inverter Face / 15 feet 2 <5

31




4.0 CONCLUSIONS

Sound pressure level and electromagnetic field (EMF) measurements were made at three utility-scale
PV arrays with a capacity range of 1,000 to 3,500 kW under a full-load condition with sunny skies and
the sun at approximately 40° azimuth. Measurements were taken at set distances from the inverter pads
and along the fenced boundary of the PV array. Measurements were also made at set distances back
from the boundary. Broadband and 1/3-octave band sound levels were measured, along with the time

variation of sound levels from the equipment.

EMF Measurements were also made at one residential® PV installation with a capacity of 8.6 kW under
a partial-load condition. PV array operation is related to the intensity of solar insolation. Less
sunshine results in lower sound and EMF levels from the equipment, and no sound or EMF is produced
at night when no power is produced. A description of acoustic terms and metrics is provided in
Appendix A, and EMF terms and metrics are presented in Appendix B. These appendices provide
useful information for interpreting the results in this report and placing them in context, relative to

other sound and EMF sources.

Sound Levels

At the utility scale sites, sound levels along the fenced boundary of the PV arrays were generally at
background levels, though a faint inverter hum could be heard at some locations along the boundary.
Any sound from the PV array and equipment was inaudible and sound levels are at background levels

at set back distances of 50 to 150 feet from the boundary.

Average Leq sound levels at a distance of 10 feet from the inverter face varied over the range of 48
dBA to 61 dBA for Site 2 and Site 3 Inverters’, and were higher in the range of 59 to 72 dBA for Site 1
Inverters. Along the axis perpendicular to the plane of the inverter face and at distances of 10 to 30
feet, sound levels were 4 to 13 dBA higher compared to levels at the same distance along the axis

parallel to the plane of the inverter face. At a distance of 150 feet from the inverter pad, sound levels

® Only EMF measurements were made at the residential site.
" The same make of inverters were used at Sites 2 and 3.
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approached background levels. Sound level measurements generally followed the hemispherical wave

spreading law (-6 dB per doubling of distance).

The time domain analysis reveals that 0.1-second L¢q sound levels at a distance of 10 feet from an
inverter pad generally varied over a range of 2 to 6 dBA, and no recurring pattern in the rise and fall of
the inverter sound levels with time was detected. The passage of clouds across the face of the sun

caused cooling fans in the inverters to briefly turn off and sound levels to drop 4 dBA.

The 1/3-octave band frequency spectrum of equipment sound at the close distance of 10 feet shows
energy peaks in several mid-frequency and high-frequency bands, depending on the inverter model.
Tonal sound was found to occur in harmonic pairs: 63/125 Hz; 315/630 Hz; 3,150/6,300 Hz; and
5,000/10,000 Hz. The high frequency peaks produce the characteristic “ringing noise” or high-
frequency buzz heard when one stands close to an operating inverter. The tonal sound was not,
however, audible at distances of 50 to 150 feet beyond the PV array boundary, and these tonal peaks do
not appear in the background sound spectrum. All low-frequency sound from the inverters below 40
Hz is inaudible, at all distances.

Electric Fields

The International Commission on Non-lonizing Radiation Protection has a recommended exposure
limit of 4,200 VV/m for the general public. At the utility scale sites, electric field levels along the fenced
PV array boundary, and at the locations set back 50 to 150 feet from the boundary, were not elevated
above background levels (< 5 VV/m). Electric fields near the inverters were also not elevated above

background levels (< 5 V/m).

At the residential site, indoor electric fields in the rooms closest to the roof-mounted panels and at

locations near the inverters were not elevated above background levels (< 5 V/m).

Magnetic Fields

The International Commission on Non-lonizing Radiation Protection has a recommended exposure
limit of 833 mG for the general public. Atthe utility scale sites, magnetic field levels along the fenced

PV array boundary were in the very low range of 0.2 to 0.4 mG. Magnetic field levels at the locations
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50 to 150 feet from the array boundary were not elevated above background levels (<0.2 mG). There
are significant magnetic fields at locations a few feet from inverters, in the range of 150 to 500 mG. At
a distance of 150 feet from these utility-scale inverters, these fields drop back to very low levels of 0.5
mG or less, and in many cases to background levels (<0.2 mG). The variation of magnetic field with
distance generally shows the field strength is proportional to the inverse cube of the distance from

equipment.

At the residential site, indoor magnetic field levels in the rooms closest to the roof-mounted panels
were in the low range of 0.2 to 1.4 mG. There are low-level magnetic fields at locations a few feet
from the inverters, in the range of 6 to 10 mG. At a distance of no more than 9 feet from the inverters,
these fields dropped back to the background level at the residential site of 2 mG. Due to the relatively
high background level in the residential site basement where the inverters were housed, the relationship

of magnetic field strength to distance from the inverters could not be discerned.
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APPENDIX A
ACOUSTIC TERMS AND METRICS

All sounds originate with a source — a human voice, vehicles on a roadway, or an airplane overhead.
The sound energy moves from the source to a person’s ears as sound waves, which are minute
variations in air pressure. The loudness of a sound depends on the sound pressure level?, which has
units of decibel (dB). The decibel scale is logarithmic to accommodate the wide range of sound
intensities to which the human ear is subjected. On this scale, the quietest sound we can hear is 0 dB,
while the loudest is 120 dB. Every 10-dB increase is perceived as a doubling of loudness. Most

sounds we hear in our daily lives have sound pressure levels in the range of 30 dB to 90 dB.

A property of the decibel scale is that the numerical values of two separate sounds do not directly add.
For example, if a sound of 70 dB is added to another sound of 70 dB, the total is only a 3-decibel
increase (or 73 dB) on the decibel scale, not a doubling to 140 dB. In terms of sound perception, 3 dB
is the minimum change most people can detect. In terms of the human perception of sound, a halving
or doubling of loudness requires changes in the sound pressure level of about 10 dB; 3 dB is the
minimum perceptible change for broadband sounds, i.e. sounds that include all frequencies. Typical
sound levels associated with various activities and environments are presented in Table A-1. The
existing sound levels at a PV project site are determined primarily by the proximity to roads and
highways, the source of traffic noise. Sound exposure in a community is commonly expressed in terms
of the A-weighted sound level (dBA); A-weighting approximates the frequency response of the
human ear and correlates well with people’s perception of loudness.

The level of most sounds change from moment to moment. Some are sharp impulses lasting one
second or less, while others rise and fall over much longer periods of time. There are various measures
of sound pressure designed for different purposes. The equivalent sound level L is the steady-state
sound level over a period of time that has the same acoustic energy as the fluctuating sounds that

actually occurred during that same period. It is commonly referred to as the energy-average sound

® The sound pressure level is defined as 20*log; (P/P,) where P is the sound pressure and P, is the reference pressure
of 20 micro-Pascals (20 uPa), which by definition corresponds to 0 dB.
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level and it includes in its measure all of the sound we hear. EPA has determined that the L¢q average

sound level correlates best with how people perceive and react to sound.’

To establish the background sound level in an area, the Loy metric, which is the sound level exceeded
90% of the time, is typically used. The Lgo can be thought of as the level representing the quietest 10%
of any time interval. The Ly is a broadband sound pressure measure. By definition, the Lgo metric

will filter out brief, loud sounds, such as intermittent traffic on a nearby roadway.

Sound pressure level measurements typically include an analysis of the sound spectrum into its various
frequency components to determine tonal characteristics. The unit of frequency is Hertz (Hz),
measuring the cycles per second of the sound pressure waves. In the physiology of human hearing,
every octave jJump of a tone corresponds to a doubling of the sound frequency in Hz. For example,
Middle-C on a piano has a frequency of approximately 260 Hz. High-C, one octave above, has a
frequency of approximately 520 Hz. The hearing range for most people is 20 Hz to 20,000 Hz. In
acoustic studies, the sound spectrum is divided into octave bands with center frequencies that are an
octave apart, or 1/3-octave bands with center frequencies that are 1/3 of an octave apart. There are 11
whole octave bands centered in the audible range from 20 to 20,000 Hz. For the extended frequency
range of 6.3 Hz to 20,000 Hz used in this study, there are 36 1/3-octave bands.

Low-frequency sound generally refers to sounds below 250 Hz in frequency, which is close to the
tone of Middle-C on a piano. Infrasound is low-frequency sound at frequencies below 20 Hz, a sound
wave oscillating only 20 cycles per second. For comparison, the lowest key on a piano produces a tone
of 28 Hz, and human speech is in the range of 500 to 2,000 Hz. The hearing threshold for infrasound
at 16 Hz is 90 decibels (dB).® We are enveloped in naturally occurring infrasound, which is inaudible.

Infrasound is always present in the outdoor environment due to sounds generated by air turbulence,

shoreline waves, motor vehicle traffic and distant aircraft.

° U.S. Environmental Protection Agency, “Information on Levels of Environmental Noise Requisite to Protect Public
Health and Welfare with an Adequate Margin of Safety,” Publication EPA-550/9-74-004.

19 International Standards Organization, 1SO 226:2003.
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TABLE A-1

VARIOUS INDOOR AND OUTDOOR SOUND LEVELS

Outdoor Sound Levels

Jet Over-Flight at 300 m
Gas Lawn Mower at 1 m

Diesel Truck at 15 m
Noisy Urban Area--Daytime

Gas Lawn Mower at 30 m
Suburban Commercial Area
Quiet Urban Area -- Daytime
Quiet Urban Area--Nighttime
Suburban Area--Nighttime
Rural Area--Nighttime

Rustling Leaves

Reference Pressure Level

Sound
Pressure

_(uPa)
6,324,555
2,000,000

632,456

200,000

63,246

20,000

6,325
2,000
632
200
63

20

Sound
Level
(dBA) Indoor Sound Levels

110 Rock Band at 5 m
105
100 Inside New York Subway Train
95

90 Food Blenderat 1 m

85

80 Garbage Disposal at 1 m
75 Shouting at 1 m

70 Vacuum Cleaner at 3m
65 Normal Speech at 1 m

60

55 Quiet Conversation at 1m
50 Dishwasher Next Room
45

40 Empty Theater or Library
35

30 Quiet Bedroom at Night
25 Empty Concert Hall

20 Average Whisper

15 Broadcast and Recording Studios
10

5 Human Breathing

0 Threshold of Hearing

Notes:

uPa - Micropascals describe sound pressure levels (force/area).
dBA - A-weighted decibels describe sound pressure on a logarithmic scale with respect to 20 pPa.
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An electromagnetic field (EMF) is the combination of an electric field and a magnetic field. The
electric field is produced by stationary charges, and the magnetic field by moving charges (currents).
From a classical physics perspective, the electromagnetic field can be regarded as a smooth, continuous
field, propagated in a wavelike manner. From the perspective of quantum field theory, the field is seen

as quantized, being composed of individual particles (photons).

EMPFs are present everywhere in our environment but are invisible to the human eye. For example,
electric fields are produced by the local build-up of electric charges in the atmosphere associated with
thunderstorms, and the earth's magnetic field causes a compass needle to orient in a North-South
direction and is used for navigation. Besides natural sources, the electromagnetic spectrum also
includes fields generated by man-made sources. For example, the electricity that comes out of every
power socket has associated low frequency EMFs. A photovoltaic (PV) project generates low-
frequency EMFs from inverters (that convert DC-current to AC-current), transformers (that step-up the
PV project voltage), and current-carrying cables. The EMFs from PV project components are classified
as “non-ionizing radiation,” because the electromagnetic waves have low-energy quanta incapable of

breaking chemical bonds in objects through which they pass.

The strength of the electric field is measured in volts per meter (V/m). Any electrical wire that is
charged will produce an associated electric field. This field exists even when there is no current
flowing. The higher the voltage, the stronger the electric field at a given distance from the wire.
Magnetic fields arise from the motion of electric charges. The strength of the magnetic field is
measured by the magnetic flux density in milli-Gauss (mG). In contrast to electric fields, a magnetic
field is only produced once a device is switched on and current flows. The higher the current, the
greater the strength of the magnetic field produced at a given distance. EMFs are strongest close to a
source, and their strength rapidly diminishes with distance from it. Field strength is generally

proportional to the inverse cube of the distance.

Typical household fixtures and appliances produce both types of fields. For example, at a distance of
one foot from a fluorescent light, electric and magnetic fields of 50 V/m and 2 mG, respectively, are
measured. At a distance of 1 inch from the power cord for an operating personal computer, fields of 40

V/m and 1 mG, respectively, are detected.



There are no federal, State or local regulatory exposure limits for electric or magnetic fields that apply
to solar photovoltaic arrays. The International Commission on Non-lonizing Radiation Protection
(ICNIRP) has recommended exposure limits of 4,200 V/m and 833 mG for the general public.
ICNIRP is an organization of 15,000 scientists in 40 nations who specialize in radiation protection, and
their recommendations are routinely used in EMF exposure studies.
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SG125HV Noise Level Test Report

SG125HV Noise Level Test Report

Version Date Author Approved by
V10 2017,May, 28 Bale, Yang Chen W

1.Introduction

This document describes the noise level test for SG125HV.The test is conducted in the Sungrow Testing Center,
which is a WMT testing lab (Witnessed Manufacturer’s Testing) accredited by TUV, CSA and UL.

The test procedures are in accordance with the standard 1SO3746 and the sound pressure level fulfills the
requirements in the IEC62109-1 standard.

This document is intended to be used by the specific addressees. No part of this document may be reproduced or

distributed in any form or by any means without the prior written permission of Sungrow Power Supply Co., Ltd.

2.Noise Level Test

The noise test was completed in the shielding room using the test platform shown below:

Fig-1 Noise Test Platform

During the test, the noise test instrument is located at a distance of 1m from the inverter, the inverter’s operating DC
voltage is 1050V and its output power is 125kW.The test data for the four directions and background noise are as

follows:

Direction Test Data
Bottom 61.6dB
Left Side 56.9dB
Top 53.7dB
Right Side 53.2dB
Background Noise 31.1dB

Appendix: Testing Pictures



SG125HV Noise Level Test Report

Fig-2 Background Noise

Fig-3 Bottom Side Fig-4 Left Side

Fig-5Top Side Fig-6Right Side
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Test Report

Report ST556KWH-D250H Test
b V+4SG125HV NB/T 32004-2018
Name . Standard
Noise Test Report
Test ]
Result 1. Noise test Pass
Hardware Vil SoftV\{are /
Version Version
Test Test Time | 2020-04-24
Number
Prepared ,{g B ) Reviewed Approved
by: by: by:
Date: 2020-04-24 Date: Date:

1/ 5




Confidential

SUNGRDW Clean power for all
Content

N N (0] 1Y 1 =Y PP
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1 Noise Test

1.1 Sample Information

Confidential

Clean power for all

Sample : Sample
- +
Name Energy storage system project Model ST556KWH-D250HV+4SG125HV
Sample / Sample 1
Number Size
Receiving Sample
Date / Stage TRS
Sample
Status Intact
Key /
Device
1.2 Test Information
. . . Energy Storage System
Applicant Wu Xiaolei Department Product Center
Test Item Noise test Test /
Process
Test Date 2020-04-24 Tester Pan Yuanyuan
Test Temperature: 18.1°C Test Sunarow industrial park
Environment | Humidity: 45.0% Location g P
Test NB/T 32004-2018 Technical specification of PV grid-connected inverter
Standard

1.3 Test Equipment

. Calibration | Effective
Equipment Manufacturer Model Number Date Date
. Hangzhou Aihua AWAG21
Noise Meter Instruments Co.. Ltd. 8C YQ-026 2019-10-28 | 2020-10-27
1.4 Test Conclusion and Judgement
Basis
Test Test Distance . . Conclusion
Position m) Test Noise Value (dB) Limit (dB) (PIF)
Front 1 75.7 80(Specification) P
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Right side 1 63.3 80(Specification) P
Left side 1 74.6 80(Specification) P
Back 1 64.2 80(Specification) P

1.5 Test Details

The machine is running at full power. When the machine is running stably, the fan running
at full speed, and the air conditioning system turned on, a noise meter shall be used to measure
the noise at a distance of 1m from each side of the EUT.

1.6 Test Record

EUT noise

Fig. 1-1 Front Fig. 1-2 Right Side

Fig. 1-3 Left Side Fig. 1-4 Back
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Fig. 1-5 AC Cabinet

Fig. 1-6 Background Noise

1.7 Appendix

N/A

5/ 5




Exhibit C

NEMA TR-1 Standards



NEMA Standards Publication No. TR 1-1993 (R2000)

Transformers, Regulators and Reactors

Published by:

National Electrical Manufacturers Association
1300 North 17th Street, Suite 1847
Rosslyn, VA 22209

© Copyright 2000 by the National Electrical Manufacturers Association. All rights including
translation into other languages, reserved under the Universal Copyright Convention, the Berne
Convention for the Protection of Literary and Artistic Works, and the International and Pan
American Copyright Conventions.



NEMA Standards Publication No. TR 1-1993 (R2000)

Transformers, Regulators and Reactors

Published by:

National Electrical Manufacturers Association
1300 North 17th Street, Suite 1847
Rosslyn, VA 22209

© Copyright 2000 by the National Electrical Manufacturers Association. All rights including
translation into other languages, reserved under the Universal Copyright Convention, the Berne
Convention for the Protection of Literary and Artistic Works, and the International and Pan
American Copyright Conventions.



PARTO

PART 1
PART 2

PART 3
PART 4
PART 5
PART 6
PART 7

PART 8
PART 9
PART 10
PART 11
PART 12

TABLE OF CONTENTS

Page

GENERAL . . . ... i ittt ittt it ettt sttt tee et ee e sneas 1
Preferred VoltageRatings . . . .. ... .. ......c¢c.c0uiiuiunn.. b e e e 1
Forced-Air (FA) and Forced-Oil (FOA)Ratings . . . . ... ... ... tveenneen 1
Performance . . . . .. ... e e e et e e e 2
RadioInfluence Voltage Levels . . . . ... ... ... .. i aas 2
Power Factor of Insulation of Qil-Immersed

Transfomers. . . . . . . .. it e e e e e e e 2
Audible SoundLevels . . . . ... .. ... L e i e, 2
POWERTRANSFORMERS . .. .. .. .. it ittt ittt ein s 5
DISTRIBUTION TRANSFORMERS
Design Test for Enclosure Security of Padmounted

Compartmental Transformers . . . . . . . .. ... ... it ittt it e ons 7
SECONDARY NETWORKTRANSFORMERS . . . ... ... ..t e et ennnns 9
DRY-TYPETRANSFORMERS . . . . ... ... ..ttt i e e 1
UNIT SUBSTATIONTRANSFORMERS . . ... ... .. ittt it ni e vnens 13
TERMINOLOGY . . .. ittt it ittt ettt et e te s eensans 15
TESTCODE . . . . ..ttt ittt ittt e ittt s aeaets s eneaeaneas 17
Test Code for Measurement of Radio Influence

Voltage Levels . . . . .. ... .. ittt i e e e e e 17
Transformer Test Report . . . . . . . . .. i ittt ittt i ittt e e e 20
TransformerImpulse TestReport . . . . . . . .. .. v ittt i it i i it c s 21
Reactor TestREPOIt . . . . . . vt v i it it ettt et ettt ete s a oo onannos 22
TRANSMISSION AND DISTRIBUTION VOLTAGEREGULATORS . . . ... ... ... 23
CURRENT-LIMITINGREACTORS . . . .. .. .. .. ittt tennerennenoan 25
ARCFURNACETRANSFORMERS . . . . . ... it ittt it i ettt ene 27
SHUNT REACTORS . . . i i i ittt ittt it ettt et e e et annan 29



FOREWORD

The standards appearing in this publication have been developed by the Transformer Section and
have been approved for publication by the National Electrical Manufacturers Association. They are
used by the electrical industry to promote production economies and to assist users in the proper selec-
tion of transformers.

The Transformer Section is working actively with the American National Standards Committee,
C57, on Transformers, Regulators and Reactors, in the development, correlation and maintenance of na-
tional standards for transformers. This Committee operates under the procedures of the American Na-
tional Standards Institute (ANSI).

It is the policy of the NEMA Transformer Section to remove material from the NEMA Standards
Publication as it is adopted and published in the American National Standard C57 series. The NEMA
Standards Publication for Transformers, Regulators and Reactors references these and other American
National Standards applying to transformers, and is intended to supplement, without duplication, the
American National Standards.

The NEMA Standards Publication for Transformers, Regulators and Reaclors contains provision for
the following:

a. ﬁg&n:a{lfNational Standards adopted by reference and applicable exceptions approved by
,if any.

b. NEMA Official Standards Proposals. These are official drafis of proposed standards devel-
oped within NEMA or in cooperation with other interested organizauons, for consideration
by ANSI. They have a maximum life of five years, during which time they may be approved
as American National Standards or adopted as NEMA Standards, or rescinded.

¢. Manufacturing Standards. These are NEMA Standards which are primarily of interest to the
manufacturers of transformers and which are not yet included in an American National
Standard.

d. Standards Which Are Controversial. These are NEMA Standards, on which there is a differ-
ence of opinion within Commitice C57. The NEMA version will be included in the NEMA
Standards Publication until such time as the differences between ANSI and NEMA are re-
solved.

NEMA Standards Publications are subject to periodic review and take into consideration user input.
They are being revised constantly to meet changing economic conditions and technical progress. Users
should secure latest editions. Proposed or recommended revisions should be submitted to:

Vice President, Engineering Department
National Electrical Manufacturers Association
2101 L Street, N.W.

Washington, D.C. 20037-1526

SCOPE

This publication provides a list of all ANSI C57 Standards that have been approved by NEMA. In ad-
dition it includes certain NEMA Standard test methods, test codes, properties, etc., of liquid-immersed
transformers, regulators, and reactors that are not American National Standards.
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PART 0O
GENERAL

The following American National Standards have been approved as NEMA Standards and should be inserted in this

Part O:
ANSI/IEEE C57.12.00-1988
ANSI/IEEE C57.12.01-1989
ANSI C57.12.10-1988
ANSI C57.12.70-1993

ANSVIEEE C57.12.90-1993

ANSI/IEEE C57.19.00-1992
ANSI/IEEE €57.19.01-1992

ANSVIEEE C57.92-1992

General Requirements for Liquid-Immersed Distribution, Power and Regulating
Transformers

General Requirements for Dry Type Power and Distribution Transformers

Requirements for Transformers 230,000 volts and below, 833/958-8333/10,417
kVA single-phase 750/862-60,000/80,000/100,000 kVA three phase, including
supplements

Terminal Markings and Connections for Distribution and Power Transformers

Test Code for Liquid-immersed Distribution, Power & Regulating Transformers
and Guide for Short-Circuit Testing of Distribution & Power Transformers

General Requirements and Test Procedure for Quidoor Apparatus Bushings

Standard Performance Characteristics & Dimensions for Owtdoor Apparatus
Bushings

Guide for Loading Mineral-oil-immersed Power Transformers up to and including
100 MVA with 55C or 65C Average Winding Rise

The NEMA Standards TR 1-0.01 through TR 1-0.09 on the following pages (scc Part 0 Pages 1-9) also apply generally

to transformers.

0.01 PREFERRED VOLTAGE RATINGS 0.02 FORCED-AIR (FA) AND FORCED-OIL
Preferred system voltages and corresponding trans- (FOA) RATINGS
former vollage ratings are given in the Amcrican Na- Under the conditions of par. 5.11 of American Na-
tional Standard for Electric Power Systems and Equip- tional Standard ANSI/IEEE C57.12.00-1988, the rcla-
ment--Voltage Ratings (60 Hz), C84.1-1989. It is rec- tionship between self-cooled ratings and forced-air-
ommended that these ratings be used as a guide in the cooled or forced-oil-coolcd ratings shall be in accordance
purchase and operation of transformers. with Tablc 0-1.
Table 0-1

FORCED-AIR AND FORCED-OIL RATINGS RELATIONSHIPS

Percent of Seif-Cooled Ratings

Self-cooled Ratings* (kVA) With Auxiliary Cooling

Class Single Phase Three Phase First Stage Sccond Stage
OAFA 501-2499 501-2499 115 --
OAFFA 2500-9999 2500-11999 125 --
OA/FA 10000 and above 12000 and above 133-173 --
OA/FAFA 10000 and above 12000 and above 133-173 166-2/3
OA/FA/FOA 10000 and above 12000 and above 133-13 166-2/3
OA/FOA/FOA 10000 and above 120(X) and above 133-123 166-2/3

*In the case of multi-winding transformers or autotransformers, the ratings given are the equivalent iwo-winding ratings.
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PERFORMANCE

0.03 RADIO INFLUENCE VOLTAGE LEVELS

The following values apply to liquid-filled transform-
ers. They do not apply to load tap changing during
switching or to operation of auxiliary relays and control
switches.

0.03.1 Distribution Transformers

Radio influence voltage levels for distribution trans-
formers, for systems rated 69 kV and less, shall not
exceed 100 microvolts when measured in accordance
with Section 7.01. The test voltage shall be the line-to-
neutral voltage corresponding to 110 percent excitation
of the transformer. This will be the coil voltage for wye
connections and 1/3 times the coil voltage for dcha
connections.

0.04 POWER FACTOR OF INSULATION OF
OIL-IMMERSED TRANSFORMERS

While the real significance which can be attached to
the power factor of oil-immersed transformers is still a
matter of opinion, experience has shown that power
factor is helpful in assessing the probable conditions of
the insulation when good judgement is used.

The proper interpretation of power factor of oil-im-
mersed transformers is being given carcful attention by
manufacturers in connection with the problems of (1)
selecting insulating materials, (2) sealing, and (3) proc-
essing the transformers. However, it is the comparative
values which are guides for the successful solution for
these problems rather than an absolute value of power
factor.

The generally accepted factory tests for proving the
insulation Ievel are the prescribed low-frequency tests
and impulse tests given in the American National Stand-
ard C57.12.90-1993.

When required, a factory powecr-factor tcst can be
made, and this measurement will be of valuc for compari-
son with field power-factor measurements to asscss the

probable condition of the insulation. It is not feasible to
establish standard power-factor values for oil-immersed
transformers because:

a. Experience has definitely proved that little or no
relation exists between power factor and the
ability of the transformer to withstand the pre-
scribed dielectric tests.

b. Experience has dcfinitely proved that the vari-
ation in power faclor with temperature is sub-
stantial and erratic so that no single correction
curve will fit all cases.

When a factory power-factor mecasurement of a trans-
former is required, the measurement should be made with
the insulation at room temperature, preferably at or close
to 20°C.

0.05 AUDIBLE SOUND LEVELS

Transformers shall be so designed that the average
sound level will not excecd the values given in Tables
0-2 through 04 when measured at the factory in accord-
ance with the conditions outlined in ANSI/IEEE
(C57.12.90-1993.

The guaranteed sound levels should continue to be per
Tables 0-2 through 0-4 until such time as enough data on
measured noisc power levels becomes available.

Sound pressure levels are established and published in
this document. Sound power may be calculated from
sound pressure, using the method described in
C57.12.90-1993.

Rectificr, railway, furnace, grounding, mobile and mo-
bile unit substation transformers are not covered by the
lables. The tables do not apply during the time that power
swilches arc operating in load-1ap-changing transformers
and in transformers with integral power switches.
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Table 0-3
AUDIBLE SOUND LEVELS FOR LIQUID-IMMERSED
DISTRIBUTION TRANSFORMERS AND NETWORK TRANSFORMERS

Equivalent Average Sound Level,
Two-winding kVA Decibels
0-50 48
51-100 51
101-300 55
301-500 56
750 57
1000 58
1500 60
2000 61
2500 62
Table 04

AUDIBLE SOUND LEVELS FOR DRY-TYPE TRANSFORMERS 15000-VOLT
NOMINAL SYSTEM VOLTAGE AND BELOW

Average Sound
Equivalent Average Sound Levd, Decibels Equivalent Levd, Decibels
Two-Winding Self-cooled Self-cooled Two-winding Ventilated
kVA Ventilated® Scaled® kVA Forced Air Cooled **,t
0-50 50 50
51150 55 55
151-300 58 57 3-300 67
301-500 60 59 301-500 67
501-700 62 61 501-833 67
701-1000 64 63 834-1167 67
1001-1500 65 64 1168-1667 68
1501-2000 66 65 1668~2000 69
2001-3000 68 66 2001-3333 71
30014000 70 68 3334-5000 73
4001-5000 7 69 5001-6667 74
5001-6000 72 70 6668-8333 75
6001-7500 73 71 8334-10000 76
* Class AA raling

**Does not apply 1o sealed-type transformers
1Class FA and AF A raungs
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Part 1
POWER TRANSFORMERS

The American National Standard C57.12.10-1988 has The following other parts of this NEMA Publication
been approved as a NEMA Siandard for power trans- No. TR 1 shall also apply:
formers and should be inserted in this Part 1. a. Partl General

The ANSMEEE Standard C57.92']992. has been ap— b. Part 6 Termino]ogy
proved by NEMA and should be inserted in this Part 1. c. Part7 Test Code

d. Part 12 Underground-Type Three-Phase

Disuribution Transformer
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Part 2
DISTRIBUTION TRANSFORMERS

The following American National Standards have been approved as NEMA Siandards for distribution transformers
and should be inserted in this Part 2:

ANSI C57.12.20-1988

ANSI C57.12.21-1980

ANSIC57.12.22-1989

ANSI C57.12.23-1992

ANSI C57.12.25-1990

ANSIC57.12.26-1987

ANSI C57.91-1992

Requirements for Overhead-Type Distribution Transformers, 500 kVA and
Smaller: High Voltage, 34500 Volts and Below; Low Voltage, 7970/13800Y Volts
and Below

Requirements for Pad-Mounted, Compartmental-Type, Self-Cooled, Single-Phase
Distribution Transformers with High-Voltage Bushings; (High-Voliage, 34500
Grd Y/19920 Volts and Below; Low-Voltage, 2401120 Volts; 167 kVA and Smaller)
Requirements for Pad-Mounted, Compartmental-Type, Self-Cooled, Three-Phase
Distribution Transformers with High-Voltage Bushings 2500 kVA and Smaller;

High-Voltage, 34500 Grd Y119920 Volts and Below,; Low Voliage, 480 Volts and
Below

Requirements for Underground-Type Self-Cooled Single-Phase Distribution
Transformers, with Separable Insulated High-Voliage Connectors; High-Voltage
24940 Grd Y/14400 Volis and Below; Low-Voltage 240/120; 167 kVA and Smaller

Requirements for Pad-Mounted, Comparimental-Type, Self-Cooled, Single-Phase
Distribution Transformers with Separable Insulated 1ligh-Voltage Conneclors:
High-Voltage 34500 Grd Y119920 Volis and below.: Low-Voltage 240/120 Volts;
167 kVA and Smaller

Pad-Mounted Compartmental-Type Self-Cooled, Three-Phase Distribution Trans-
formers for use with Separable High-Voltage Connectors (High-Voltage 34500
Grd Y119920 Volts and Below: 2500 kVA and Smaller)

Guide for Loading Mineral Qil-Immersed Overhead-type Distribution Transform-
ers with55C or 65C Average Winding Rise

The following parts of this NEMA Publication No. TR 1 shall apply for distribution transformers:

Part0  General
Part6  Terminology
Part7  Test Code

Part 12 Underground-type Three-Phasc Distribution Transformers

2.01 DESIGN TEST FOR ENCLOSURE SECURITY OF PADMOUNTED
COMPARTMENTAL TRANSFORMERS

This standard provides a means for evaluating the security of enclosures (or transformers conforming to the following

American National Standards.

ANSIC57.12.21-1980

ANSI C57.12.22-1989

ANSIC57.12.25-1990

Requtirements for Pad-Mounted, Compartmental-Type, Self-Cooled, Single-Phase
Distribution Transformers with Iligh-Voltage Bushings; High-Voltage, 34500 Grd
Y/19920 Volts and Below; Low-Voltage, 2401120 Volis; 167 kVA and Smaller
Regquirements for Pad-Mounted, Compartmental-Type, Self-Cooled, Three-Phase
Distribution Transformers with High-Voltage Bushings 2500 kVA and smaller;
High-Voliage, 34500 Grd Y/19920 Volts and Below; Low Voltage 480 Volts and
Below

Requirements for Pad-Mounted, Comparimental-Type, Self-Cooled, Single-Phase
Distribution Transformers with Separable Insulated High-Voltage Connectors:

High-Yoliage 34500 Grd Y119920 Volts and below.: Low-Voltage 2401120 Volis;
167 kVA and Smaller

Previous page is blank.
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ANSI C57.12.26-1987 Pad-Mounted Compartmental-Type Self-Cooled, Three-P hase Distribution Trans-
formers for use with Separable High-Voliage Connectors (High-Voliage 34500
Grd Y/19920 Volis and Below: 2500 kVA and Smaller)
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Part 3
SECONDARY NETWORK TRANSFORMERS
The American National Standard Requirements for The following other parts of this NEMA Publication

Secondary Network Transformers, Subway and Vault No. TR 1 shall also apply for secondary network trans-
Types (Liquid Immersed), C57.12.40-1990, (with the formers:

exception of paragraphs 5.5.4 and 11.5.2 on finishes) a. Pann0 General

have been approved as NEMA Standards for secondary b. Part6 Terminology

. i thi
;::vgrk transformers and should be inserted in this c. Part7 Test Code
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Part 4
DRY-TYPE TRANSFORMERS

The following American National Standards have been approved as NEMA Standards for dry-type transformers and

should be inserted in this Part 4:

ANSI/IEEE C57.12.01-1989
ANSI/IEEE C57.12.91-1979
ANSIC57.12.50-1989

ANSI C57.12.51-1989

ANSI C57.12.52-1989

ANSI/IEEE C57.94-1982

ANSI/IEEE C57.96-1989

General Requirements for Dry-type Distribution and Power Transformers
Test Code for Dry-Type Distribution and Power Transformers
Requirements for Ventilaied Dry-Type Distribution Transformers, 1 to 500 kVA,

Single-Phase; and 15 10 500 kVA, Three-Phase; With High-Voltage 601-34500
Volts, Low-Voliage 120-600 Volts

Requirements for Ventilated Dry-Type Power Transformers, 501 kVA and Larger,
Three-Phase With lligh-Voliage 601-34500 Volts, Low-Voltage 208Y/120-4160
Volts

Requirements for Sealed Dry-Type Power Transformers, 501 kVA and Larger,
Three-Phase, With lligh-Voltage 601-34500 Volts, Low-Voltage 208Y/120-4160
Volts

Recommended Practices for Installation, Application, Operation and Maintenance
of Dry-Type General Purpose Distribution and Power Transformers

Guide for Loading Dry-Type Transformers, Appendix to C57.12 Siandards

Previous page is blank.
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Part 5
UNIT SUBSTATION TRANSFORMERS

The following other parts of this NEMA Publication No. TR 1 shall also apply for unit substation transformers.
a. Pant0 General
b. Part6 Terminology
c. Part7 Test Code

Previots'page is'blank.
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Part 6
TERMINOLOGY

The ANSI/IEEE Siandard C57.12.80-1992, has been approved as a NEMA Standard for terminology and should be
inserted in this Part 6.

Previous page is blank.



Part 7
TEST CODE

The American National Standard ANSI/IEEE
C57.12.90-1987, has been approved as a NEMA Stand-
ard for transformer tests and should be inserted in this
Part 7.

This NEMA standard, Part 7, shall also apply for
transformer tests,

The ANSIIEEE Standard C57.98-1992, should be
inserted in this Part 7. e
7.01 TEST CODE FOR MEASUREMENT OF
RADIO INFLUENCE VOLTAGE LEVELS

a. Apparatus

The apparatus to be tested under this code can
be divided into two general classes as follows:

Class 1— Potential-type transformer apparatus,
such as ransformers for step-up, step-
down or interconnected service, and
some arrangements of regulating
transformers and autotransformers.

Class 2— Series-type transformer apparatus,
such as series transformers, shunt
(iron core) reactors, current-limiting
reactors and some arrangements of
regulating transformers and auto-
transformers, £

b. Equipment
The equipment and general method used in de-
termining the radio influence voltage shall be in
accordance with the NEMA Standards Publica-
tion Methods of Measurement of Radio Influ-
ence Voltage (RIV) of High-voltage Apparatus,
107-1964 (R-1971, 1976, R-1992). For an al-

TR 1-1993
Page 17

One terminal of each winding not under test, the
ground terminal if onc is available, shall be
connected to the tank and ground.

Connections for testing— Class A-2 Apparatus

The test voltage shall be applied to the winding
under test, with all terminals of the winding
under test tied together (see Fig. 7-3).

. Use of bushing capacitance tap

If radio influence voltage is measured at the
capacitance tap of the bushing, a suitable device
shall be used which can be tuned with the bush-
ing tap to ground capacitance at the measuring
frequency. This device shall constitute all cir-
cuit elements from the capacitance tap of the
bushing to the radio noise meter.

The coaxial cable, an element of the device, may
be any suitable impedance and need not be
terminated in its characteristic impedance. The
purpose of the device is to minimize the dividing
effect of the bushing capacitance and to convey
the radio influence voltage 1o the radio noise

mcter with minimum attcnuation. See Fig. 74

and 7-5.

Calibration for circuits using bushing capaci-

lance tap

The calibration ratio will be determined by:

1. Applying to the terminal under test the out-
put of a sine-wave signal generator at ap-
proximately 100 microvolts and at the meas-
uring frequency, or that of a pulse signal
gencrator at approximatcly 100 microvolts.

temnate method, see par. E, Use of Bushing Ca- 2. Mecasuring the voltage on the terminal with

pacitance Tap.
c. Connections for testing—Class A-1 Apparatus

the radio noise meter connected directly to
the terminal.

The test voltage shall preferably be impressed 3. Measuring, with the same radio noise meter,

across the winding under test (see Fig. 7-1). It
may, however, be induced from a winding other
than that being tested (see Fig. 7-2). In order
that the results be comparable, the circuit ar-
rangements and constants must be as shown in
Fig. 7-1 or 7-2. The winding shall be tested first
with one end grounded and then with the other

the voliage appcaring in the test circuit at the
location where the radio noise meter will be
connected during the radio influence voliage
measurement on the transformer (a second
radio noise meter shall be permitted 10 be
used instcad, provided its relationship to the
first radio noise meter has been established).

end grounded. 4. It shall be established that this calibration

The test on a reduced-voltage ncutral terminal
shall correspond to the insulation class of the

ratio remains valid over the radio influence
voltage range of interest.

neutral. Windings with one end solidly The ratio of the voltage mcasured with the radio noise

grounded obviously will receive no test on the m;%cr at
grounded end. racio no

Pratsiatic macas 1o hlanl

the terminal to the voltage measured with the
ise meter at the normal location in the circuit
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which has been selected for the corona test on the trans- h. Precautions in making tests

former will be applied as a correction factor Lo the radio The following precautions should be observed

influence voltage reading obtained during the corona test in measuring the radio influence voltage. The

to determine the actual radio influence voltage at the apparatus should be:

terminal of the winding under test. 1. Tested at approximately the same tempera-

g. Test voltage ture as the room in which the tests are made

The test voltage shall be determined from the 2. Located as to provide the outside clearances
preferred nominal system voltage in accordance recommended.

with 0,04 in Part 0, except that the test vollage
shall notexceed 110 percent of the rated voltage
of the winding on the highest tap connection.
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GEN

Fig. 7-2*

A -Transformer under test
B -Testing transformer

C -Coupling capaciior
NM-Radio noise meter

R -Terminating resistance
Z -Radio frequency choke

® Valucs for radio circuit elements and detailed connections

[ ‘ shall conform to the NEMA Standards Publication Methods of

Fig. 7-3°*

TEST CIRCUITS FOR RADIO INFLUENCE MEASUREMENTS

USING THE BUSHING CAPACITANCE TAP:

m

T

Measuremenst of Radio Influence Voltage (RIV) of High-vollage
Apparatus, 107-1964 (R 1971, 1976, R 1992).

NM

Fig. 7-4

CABLE

G,
Z,

3

NM

Fig. 7-5
A -Transformer under test
B -Testing transformer
C,-High-voltage bushing capacitance
C.-High-voltage bushing capacitance tap

CABLE-Shielded cable

—

Z, -Variable inductance
Ry -Resistor
NM -Radio noise meter
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7.02 TRANSFORMER TEST REPORT

. To facilitate safe and effective operation of transformers it is reccommended that the following information be included
1n the test report:

Manufacturer’s Name

Purchaser

Date of Test Purchaser’s Order No. Mfr.’s Ref. No.

Cooling Class Phase Hertz Insulating Fluid

Winding { (1) Volts @ Volts @) Voits
kVA kVA kVA

Taps

RESISTANCE, EXCITING CURRENT, LOSSES AND IMPEDANCE—Based on normal rating unless otherwise stated. Losses
and regulation are based on wattmeter measurements. For three-phase transformers the resistances given are the sum of

the three phases in series.

Watts Loss and Impedance at 85°C
Resistance in Ohms
at 85°C %xcilin? No Load \'} v \
. urren 0 Loa
Serial No. Percent Loss to \"J to v to \"J
101)‘% "'1:::::5 kVA kVA kVA
(1 (2) (3) | voiage | voitage | Load Loss ] %Imp.| Load Loss | %Imp.}] Load Loss |%imp.
Total Loss Total Loss Total Loss
Average
Guarantee
TEMPERATURE RISES are in degrees C corrected to instant shutdown.
Serial No with windings connected and loaded as follows:

Multi-winding transformer heat run connections for the determination of the maximum winding rises over ambient may
not be the same as that for the maximum losses which produce the maximum fluid rise. Such temperature rise entries
shall be on separate lines in the Temperature Rise table of the Test Report Form. Precautions should be taken to assure
that the fluid temperature rise and winding rises entered on a common line correspond to the same test conditions.

Temp. Fluid R. Above Amb. Wwinding Differential Above Average Fluid
Rise : oy n " 0
cool | Guar. Losses Top | Ave. Energized Winding Shorted Winding Rise by Res. °C
Mode| °C Dissipated °C °C Tap-kV Amps Tap-kV Amps (1) (2) (3)

DIELECTRIC TESTS—If Impulse Tests are required, see separate Transformer impulse Test Report.

Voltage Rating of Test Voltage Duration of Test
Winding Tested Applied in Seconds

APPLIED POTENTIAL TESTS
Voltage applied between each winding and all
other windings connected to core and ground.

times rated voltage across fuil winding
kV line terminal to ground

INDUCED POTENTIAL | = hertz
TESTS | [-] QEESS— '/ [ kV from

REMARKS:

| hereby certify this is a true report based on factory tests made in accordance with the Transformer Test Code C57.12.90
current edition of the American National Standards Institute, and that each Transformer withstood the above insulation tests.

Signed Date Approved by

Transformer Engineering Dept.

Authorized Engineering Information 11-20-1980.



TR 1-1993
Page 21

7.03 TRANSFORMER IMPULSE TEST REPORT

To facilitate safe and effective operation of transformers it is recommended that the following information be included
in the test report:

Manutacturer's Name

Purchaser
Date of Test Purchaser's Order No. Mir.’s Refersences
Type Phase Cycles insulating Fluid
H-winding Voits X-Winding e YOIt Y-winding Volts
Surge
Applied Microsecond Microsecond
Sertal Termmnal kv kv to 10
No. Oscillograms Test* No. Requirad Applied Crest Flashover
*RFW-Reduced Full Wave *CW-Chopped Wave *FW-Full Wave
REMARKS:
Signed Date Approved

Transtormer Engineering Dept.

Page of Pages
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7.04 REACTOR TEST REPORT
To facilitate safe and effective operation of transformers it is recommended that the following information be included

in the test report:

Manufacturer’s Name

Purchaser

Date of Tests Purchaser’s Order No. Mir.’s Ref. No.
Type Phase Cycles Insulating Fluid
Volits Drop kVA Amperes

For connection in Volt Circuit

RESISTANCES, LOSSES AND IMPEDANCE are based on normal rating, unless otherwise stated. Losses are based on
wattmeter measurements.

Resistance at 85°C Total Loss Impedance

Serial No. o
Phase A Phase B Phase C Watts 85°C Volts %

Average

Guarantee
_ — — —————————————

TEMPERATURE RISE in degrees C corrected to instant of shutdown.

Serial No. Amperes Rise by Resistance Guarantee

———-————_____.___—=—_———“'L-—————_—__—_———————J———'———
INSULATION TESTS—high-potentia! tests were made on each reactor. Voltage was applied between winding and ground
and between phases of a polyphase reactor. Voltage at high frequency was induced in each winding to test the turn-to-

turn strength.

Voltage Rating of Applied Voitage at Induced Voltage at
Winding Normal Frequency High Frequency

REMARKS:

Signed Date Approved
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Part 8
TRANSMISSION AND DISTRIBUTION VOLTAGE REGULATORS

The ANSI/IEEE Siandard C57.15-1992, has been ap-
proved as NEMA Standards for transmission and distri-

bution voltage regulators and should be inserted in this
Part 8.

The ANSI/IEEE Sianard C57.95-1992. Appendix to
C57.15, has been approved as NEMA Standard for
Transmission and distribution voltage regulators and
should be inserted in this Part 8.
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Part9
CURRENT-LIMITING REACTORS

{To Be Published)

Previous page is blank.
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Part 10
ARC FURNACE TRANSFORMERS

The following other parts of this NEMA Publication No. TR 1 shall also apply for arc furnace transformers:
a. Pat0 Genenl

b. Pat6 Terminology
c¢. Part7 TestCode

Previous page is blank.
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Part 11
SHUNT REACTORS

The American National Standard, C57.21-1991, has been approved by NEMA and should be inserted in this Part 11.

Previous page is blank.
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CAPE PO Box 10

Orleans, MA 02653 =

COD capecodfive.com ST

53-7107/2113 3/10/2021

$ **3,500.00

Three Thousand Five Hundred and QQ/q QQ***** ¥kt

Town of Freetown

& z720.01- 22 Middle b Rd.
MEMO

3

0380

DOLLARS

4 e
°@: ( f) Y\\@V%)

AUTHORIZED SIGNATURE

A R O e DD DD A awT

83d72L52 M

B) Security features. Details on back.




	FORM SPR – APPLICATION FOR SITE PLAN REVIEW
	SUBJECT SITE DEED
	MUNICIPAL LIEN CERTIFICATE
	CERTIFIED ABUTTERS LIST & NOTIFICATION TO ABUTTERS
	ZONING DETERMINATION LETTER
	CERTIFICATE OF INSURANCE
	EXCLUSIVE SOLAR USE RIGHTS AND LEASE OPTION AGREEMENT
	UTILITY NOTIFICATION
	PRELIMINARY ONE-LINE ELECTRICAL DIAGRAM
	PHOTOVOLTAIC ARRAY COMPONENT DOCUMENTS
	POLLINATOR FRIENDLY SOLAR DESCRIPTION AND PROPOSED SEEDMIX
	SOLAR DECOMISSIONING EVALUATION & COST ESTIMATE
	PROOF OF LIABILITY INSURANCE
	SOLAR FACILITY OPERATION & MAINTENANCE PLAN
	WETLANDS DELINEATION REPORT
	HAZARDOUS MATERIAL ASSURANCE LETTER
	NOISE IMPACT ASSURANCE LETTER
	ZONING FIGURE
	SUBMITTAL CHECK COPIES
	FINAL_Decommissioning Plan MIDDLEBORO.pdf
	NEW MIDDLEBORO_Decommissing Calculator (Recovered).pdf
	GroundMount

	NEW MIDDLEBORO_Decommissing Calculator (Recovered).pdf
	GroundMount




{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":false}





