
** Next regular meeting of the Waterloo Board of Adjustment to be held on Tuesday November 24, 2020 ** 
 

  

                                                                   
 

WATERLOO BOARD OF ADJUSTMENT 
Regular Meeting - 4:00 P.M. 
Tuesday October 27, 2020 

Harold E. Getty Council Chambers – City Hall 
 

 

 

 

 

 

 

 

 

 

I.  Approval of  the October 27, 2020 Agenda 

 

II.  Approval of the September 22, 2020 Minutes  

III.  Decision Items:   

1. Request by Ronnie L. Varney for a Variance to the average lot size to subdivide a lot at 
3349 Hammond Avenue into two lots in the “R-2” One and Two Family Residence 

District.   

2. Request by Barry Lokeijak for a Special Permit and a Variance to the parking requirements 
for a religious facility located at 525 West 5th Street in the “C-2” Commercial District.  

3. Request by the City of Waterloo for a Special Permit for expansion of the Five Sullivan 
Brothers Convention Center located at 200 West 4th Street in the “C-3” Central Business 

District.  

4. Request by MidAmerican Energy for a Special Permit for construction of a solar farm 

located east and north of 3050 Burton Avenue in the “A-1” Agricultural District.  

IV.   Discussion 
 

IV. Adjournment 

To reduce risk exposure to the COVID-19 virus, the City of Waterloo is highly encouraging people 

that would like to participate in the meeting to do so electronically. 

 

If you wish to speak at the meeting on any item please contact the planning office by 3:00 pm on 

Tuesday, October 27 at (319) 291-4366 or e-mail pattie.magee@waterloo-ia.org to receive the 

information necessary to call into the meeting or access via Zoom. 

mailto:pattie.magee@waterloo-ia.org


MINUTES OF THE WATERLOO BOARD OF ADJUSTMENT REGULAR 

MEETING HELD ON SEPTEMBER 22, 2020 IN THE HAROLD E. GETTY 

COUNCIL CHAMBERS, CITY HALL 
 
 

Chairperson Condon called the regular meeting of the Waterloo Board of Adjustment to order at 4:00 

p.m.  Board members in attendance via Zoom conferencing were: Brad Condon and Jeri Thornsberry.  

Board members in attendance were: John Beckman. Absent Board members were: John Chiles and April 
Leadley. Staff in attendance were: John Dornoff and Seth Hyberger. Staff members present via Zoom: 

Noel Anderson and Aric Schroeder.  
 

I.  Approval of the September 22, 2020 agenda. 

It was moved by Thornsberry and seconded by Beckman to approve the agenda as amended adding decision 

item 4. Motion carried unanimously.  

 

It was noted by Schroeder that a 2/3rd’s majority is needed to approve adding item 4 since the sign was 
placed at the site less than 10 days before the meeting.  

 

It was moved by Thornsberry and seconded by Beckman to approve waiving the 10 day notice requirement for 

decision item 4 to clean up a decision item from August 25, 2020. Motion carried unanimously.  
 

II.  Approval of the Minutes of the Regular Meeting on August 25, 2020. 

It was moved by Beckman, seconded by Thornsberry to approve the minutes of the August, 2020 Meeting as 

amended to correct on page 4 where it shows request by Nathan Kalala where it should state request by 

Franklin Clapper. Motion carried unanimously.  
 

III. Decision Items 

 

1. Request by by Eagle Point Solar on behalf of Black Hawk County for a special permit to 

allow for the construction of a 420 kW AC Ground Mounted Solar Array, within the “R-3” 

Multiple Residence District, located at 1407 Independence Avenue 

 

Hyberger gave staff report that recommended approval of the request for the following reasons:  

1. The request would not appear to have a negative impact on the neighborhood or traffic 
conditions in the area. 

2. The request is in conformance with the Future Land Use Map and the Comprehensive 

Plan. 
3. The height of the solar array and fence surrounding it shall be 9’ or less. 

 
Subject to the following condition: 

1. That a 6’ privacy fence or tree buffer is installed along the north property line to act as a 

buffer to residential properties to the north. 
 

Hyberger noted that a condition had been added to require a buffer between the proposed solar array 
and the residential housing to the north. Schroeder noted that the condition would be either for trees or 

for a solid fence. Condon asked the recommendation for approval should be separated with the solar 

array should be 9’ or less and the fence 6’ to which Hyberger agreed. Thornsberry asked if the fence 
would be block or something solid to which Schroeder responded solid wood or vinyl with wood being 

the likely candidate. Condon asked if the x’s represented trees that are going to be planted or to be 

removed to which Schroeder responded removed. Thornsberry asked if the type or size of tree could be 
stipulated to which Schroeder responded with examples of trees that may work. Beckman asked if 

there was any objections on file to which Hyberger answered no. Beckman asked what the brown 
color building was used for and if the white building was going to be removed to which Hyberger 
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answered he wasn’t sure what it was being used and Schroeder responded that the white building is 
shown on their site plan as staying. Kent Krause from Eagle Point Solar went over the benefits of the 

solar array including cost savings. Condon asked what percentage of savings in energy cost will the 
county save to which the Krause responded it would be 100%. Beckman asked if they materials were 

recyclable to which the Krause stated that 80%+ of the materials are recyclable. Thornsberry asked if 

the type of tree needs to be specified in the motion to which Condon responded no and Schroeder 
responded that staff will work with the applicants to make sure the intent is met.  

 

It was moved by Beckman, seconded by Thornsberry to approve the request by Eagle Point Solar on behalf 

of Black Hawk County for a special permit to allow for the construction of a 420 kW AC Ground Mounted 

Solar Array, within the “R-3” Multiple Residence District, located at 1407 Independence Avenue with the 

condition that a 6’ privacy fence or tree buffer is installed along the north property line to act as a buffer to 

residential properties to the north. Motion carried unanimously. 

 

2.  Request by Matt and Stacy Reichert for variances to allow for the construction of 40’ x 

100’ building, that includes a 40’ x 40’, 1,600 square foot living space (dwelling) and a 40’ 

x 60’ 2,400 square foot attached accessory structure, including a variance to have an 

attached accessory structure that is 800 square feet larger than the main base of the home, 

a variance to the two year rule that requires that a replacement home must be built within 

two years of the removal of the original home, and a variance to have vertical metal siding 

in a “A-1” Agricultural District, located west of 5605 Ansborough Avenue.   
 

Hyberger gave the staff report that recommended approval of the request for the following reasons:  

1. There appears to be a uniqueness to this request due to the fact that the proposed 40’ X 100’ 
accessory structure with living quarters will be constructed in an agricultural area that is on the 

edge of City limits, with other similar vertical metal sided buildings in the vicinity.   
2. The request would not appear to have a negative impact upon the surrounding neighborhood, 

and staff has not heard of any opposition to this request.     

 
Hyberger noted that no one called in opposition to the request and two people called in supporting 

the request. Condon asked about the size of the property, if it was the property outlined in yellow, 

and if that is all that they own to which Hyberger responded the property is 3 acres, it is the area 
outlined in yellow, and Matt Reichert the applicant stated that the surrounding property owned is by 

his parents and grandparents. Condon asked if the property needed to be split off to which Schroeder 
responded that it appears that the property was split in 1995. Beckman asked if the other buildings 

were still present to which Reichert responded that they were taken down in the March tornado. 

Condon asked about the address of 5605 to which Dornoff responded that it is the address across the 
street which is the nearest available addressed property to identify the location of the parcel. 

Thorsberry noted that under public considerations that it is stated that staff feels that this request 
could have a detrimental effect on the surrounding are to which Hyberger responded that that was a 

staff error that it would not have a negative effect.  
 

It was moved by Thornsberry, seconded by Beckman to approve the request by Matt and Stacy Reichert for 

variances to allow for the construction of 40’ x 100’ building, that includes a 40’ x 40’, 1,600 square foot 

living space (dwelling) and a 40’ x 60’ 2,400 square foot attached accessory structure, including a variance 

to have an attached accessory structure that is 800 square feet larger than the main base of the home, a 

variance to the two year rule that requires that a replacement home must be built within two years of the 

removal of the original home, and a variance to have vertical metal siding in a “A-1” Agricultural District, 

located west of 5605 Ansborough Avenue. Motion carried unanimously. 
 

3.  Request by Robert Sauls for a variance to allow for a 6’ privacy fence in the front yard in 

an “R-2” One and Two Family Residence District located at 326 Highland Boulevard.   
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Dornoff read the staff report recommending approval of the request for the following reasons: 

1. The request would not appear to have a negative impact upon the surrounding area. 
2. There appears to be uniqueness to the request given it is on a corner lot with the home 

facing the longer dimension street frontage, and the fence does not extend past the front 
of the home to the east at 1212 Vine Street.  

 

Dornoff noted that at the September 15th, 2020 meeting of the City of Waterloo Historic Preservation 

Commission the commission voted to recommend that the board deny the request since the fence 
that was installed was not what the commission had authorized in 2016. Condon asked if they were 

objecting to the appearance of the fence or the location to which Dornoff noted that they were 
opposed due to not following their original application to the commission. Beckman noted the 

commission objected to the appearance to which Dornoff discussed the Design Guideline 

requirements for the district. Schroeder noted that the only thing that changed from their approval 
was the location of the fence and noted that there is no weight to the recommendation of the 

commission. Condon asked if the applicant moved back the fence then they would be in compliance 

with the historic commission to which Schroeder responded that was his understanding. Beckman 
asked if this happened 4 years ago why is this coming up now and how far over the line is the fence to 

the adjoining property line to which Dornoff stated that it is because the applicant is trying to buy 
property from the neighbor to make the fence he put on the neighbor’s property legal and the fence is 

about 18 feet over. Condon asked if the cement pad in the back was also on the neighbor’s property 

to which Schroeder confirmed. Beckman asked how this happened to which Dornoff responded that 
the applicant made a verbal agreement with the neighbor at 1212 Vine to allow the fence 18’ feet into 

his property. Beckman and Condon asked if it was premature to make a decision on the fence but 
Schroeder noted that applicant is currently in discussions to buy that piece of property and that is a 

separate issue from the fence being in the front yard along Vine and if the applicant cannot make an 

agreement to buy the property then he will have to remove the fence. Condon asked if the applicant 
will need to come back and get another permit if he does buy the property since he did not have a 

permit to which Schroeder responded that he had a permit he just did not build it in the proper place 

so it is doubtful the building department will require another permit after 4 years. Condon asked if 
they do not approve it if they will need to remove 3 feet and if this was very common which 

Schroeder responded that they will need to move it back 3 feet and with corner lots creates some 
difficulty with fences especially if the home is addressed on the long frontage and discussed the 

complications of this type of situation. Thornsberry asked Beckman if he did not want the fence at all 

to which Beckman answered that the fence was put in the wrong location and over the property line 
which the board cannot rule on. Beckman asked if we need more language to which Thornsberry said 

that she feels that it will work. Beckman asked about procedures if it motion to approve fails to which 

Schroeder responded that it could come back since there is 2 members missing.  
 

It was moved by Beckman, seconded by Thornsberry to deny the Request by Robert Sauls for a variance to 

allow for a 6’ privacy fence in the front yard in an “R-2” One and Two Family Residence District located 

at 326 Highland Boulevard. Motion failed 1-2 (Thornsberry and Condon opposed). 

 

It was moved by Thornsberry, seconded by Beckman to  approve the Request by Robert Sauls for a variance 

to allow for a 6’ privacy fence in the front yard in an “R-2” One and Two Family Residence District located 

at 326 Highland Boulevard. Motion failed 1-2 (Beckman and Condon opposed – needed all three to vote yes 

to approve). 

 
 

4. Request by Iowa Heartland Habitat for Humanity for a variance to the 35% maximum lot 

coverage of 1,470 square feet to allow for a total lot coverage of 39.13% or 1,674 Square 

feet, 4.13% or 204 square feet more than the maximum allowed, a variance to the front 

yard setback requirement of 20’ to allow for a setback of 17’, 3’ less than the minimum, 
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and a variance to the rear yard setback requirement of 20’ to allow a setback of 5’, 15’ less 

than the minimum, located south of 434 Almond Street in a “R-3” Multiple Residence 

District. 
 

Dornoff gave staff report that recommended approval of the request for the following reasons: 
 

1. Approving the request would add another single family owner occupied home in the Walnut 
Neighborhood.  

2. Approving the request would be consistent with the Memorandum of Agreement between the 

City of Waterloo and the Walnut Court Coalition which encourages both the rehabilitation of 
existing houses and the construction of new ones.  

3. Will help bring additional economic development into a neighborhood that has seen a lot of 

activity over the last couple of years since the Memorandum was signed.  
4. There appears to be significant uniqueness to the request, as well as a lack of reasonable return, 

and no known negative impact of the request. 
 

Condon asked for clarification on the item to which Schroeder went over the request and the changes 
to the site plan since the August meeting. Condon asked if was facing the alley to which Schroeder 

responded that is facing Iowa Street.  
 

It was moved by Beckman and seconded by Thornsberry to approve the request by Iowa Heartland Habitat 

for Humanity for a variance to the 35% maximum lot coverage of 1,470 square feet to allow for a total lot 

coverage of 39.13% or 1,674 Square feet, 4.13% or 204 square feet more than the maximum allowed, a 

variance to the front yard setback requirement of 20’ to allow for a setback of 17’, 3’ less than the minimum, 

and a variance to the rear yard setback requirement of 20’ to allow a setback of 5’, 15’ less than the 

minimum, located south of 434 Almond Street in a “R-3” Multiple Residence District. Motion carried 

unanimously. 

 

IV.  Discussion  
 

There was no discussion items.  
 

V.        Adjournment 
It was moved by Thornsberry, seconded by Beckman to adjourn the meeting at 5:15 p.m. Motion carried 

unanimously.  

 
 
Sincerely, 

 
 
John Dornoff 
Planner I 
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MINUTES 

CITY OF WATERLOO, IOWA 

PLANNING, PROGRAMMING AND ZONING COMMISSION 
REGULAR MEETING - 4:00 P.M. OCTOBER 6, 2020 

 
The regular meeting of the Waterloo Planning, Programming, and Zoning Commission was called to order 
by Chairperson Wilber at 4:00 p.m. in the Harold E. Getty Council Chambers at Waterloo City Hall. 
 
Members present were: Patrisha Serfling and Sue Flynn 
 
Members present electronically were: Virginia Wilber, Sylvia Jackson, Cody Leistikow, Craig 
Holdiman, Brandon Schoborg and Eric Donat.  
 
Members absent were: None.  
 
Others present: Noel Anderson, Seth Hyberger, Tim Andera and John Dornoff – Planning Department, and 
5 citizens.  
 
Others present electronically: Aric Schroeder – Planning Department and 1 Citizen 

 
I.      Approval of the Agenda  

 
It was moved by Serfling, seconded by Flynn to approve the agenda.  Motion carried unanimously. 
 

II. Approval of the Minutes from the Regular Meeting on September 1, 2020.  
 
It was moved by Flynn, seconded by Leistikow to approve amended minutes, amending to say that 
Trost was present.  Motion carried unanimously. 
 

III. Financial Report August 2020 
 
Anderson read the financial report.  
 
It was moved by Leistikow, seconded by Donat to receive and place the financial report on file.  Motion 
carried unanimously. 
 

IV.      Oral Presentations  
 
There were no oral presentations.  
 

V.      New Business 
 
A. Hearings – Site Plan Amendment  

1. Request by Mercy One for a Site Plan Amendment to the “S-1” Shopping Center District for a 

medical office to use existing retail stores in a shopping center located at 2206 Kimball Avenue. 

 

It was moved by Holdiman, and seconded by Flynn to receive and place on file the statement of 

verification at 4:04 p.m.  Motion carried unanimously and Wilber declared the hearing open. 

Andera read the staff report recommending approval of the Site Plan Amendment with the condition that 

the final site plan meets all applicable city codes, regulations, etc. including, but not limited to, parking, 

landscaping, screening, drainage, etc., except as specifically altered by approval of the site plan 

amendment.  

5



Planning and Zoning Commission                                                                                               

October 6, 2020 

- 2 - 

Donat asked the commission if he should recuse himself due to an association with an employee who will 

work at the new clinic but was informed since he is not a paid employee and would not receive any 

financial benefit from the move he should be fine voting on the item.  

Trost asked what the parking ratio was for retail to which Andera answered 1 parking space for every 250 

feet of customer use space and Trost noted that the parking requirements are not that much different for 

this new use. Flynn asked about the number of handicap spaces to which Andera answered that the 

number of handicap spaces is part of the building permitting process.  

It was moved by Donat, seconded by Leistikow to close the public hearing. Motion carried 

unanimously. The hearing was closed at 4:13 p.m. 

It was moved by Trost, seconded by Leistikow to recommend approval of the site plan amendment 

request with the condition that the final site plan meets all applicable city codes, regulations, etc. 

including, but not limited to, parking, landscaping, screening, drainage, etc. except as specifically 

altered by approval of the site plan amendment. Motion carried unanimously. 

 
B.   Special Permits 

1. Request by the Barry Lokeijak for a Special Permit for a religious facility locate at 525 West 5th 

Street in the “C-2” Commercial District. 

 

Dornoff read the staff report recommending approval of the special permit request for the religious 

facility, but denial of the special permit for the addition with the following conditions 1) that there be a 

written agreement between the DWD Investments and the church for parking, 2) that the addition be 

demolished and 3) that the posts for the former sign in the parking lot be removed or a sign that meets the 

sign regulations for a “C-2” Commercial District be installed. Dornoff also stated that staff was 

recommending a 4th condition that would require the applicant to hire an architect to find solutions to the 

concerns of the fire and building departments.  

Flynn asked if they came to city hall for a permit for a shed to which Dornoff responded that they started 

putting up the building without a permit, a building inspector put a stop work order on the project, then 

the applicants came to city hall requesting a permit for a shed and then it was discovered that this church 

never requested a special permit to hold religious meetings so they were informed that they would have 

to apply for a special permit for both the facility itself and the shed, which turned out to be a entranceway 

addition, not a shed.  

Wilber asked if staff had talked to the property owner that the church is using for parking and the 

addition is encroaching on to which the owner said they have permission to use the parking lot and build 

the addition but there is Zoning Ordinance and Building Code issues that go beyond having permission 

from the property owner.  

Serfling stated that she is concerned about the lack of a sprinkler and alarm systems and considers it 

dangerous without them and then asked why those are not required before the special permit to which 

Dornoff responded that they are considered separate issues from the special permit process and Anderson 

stated that by doing the special permit first then they know if the building can even be used for the use 

they are requesting before the expense of installing alarms and sprinklers which is triggered by the 

change of occupancy of the building.  

Donat stated that he is uncomfortable with the whole item since they started holding church services 

without a special permit then started a construction of an addition without a building permit.  

Flynn asked who will be required to ensure that they do what is required of them to which Dornoff 

answered it will be the Building and Fire Departments since it is their codes that the applicants will have 

to meet.  
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Trost noted that this item is recommended to be approved contingent upon the conditions set forth being 

met.  

Margaret Theis Barnett, 714 South Street, stated that she is the one that turned them in for building the 

addition since her husband is a construction worker and knew that the building was not up to code. She 

noted that the applicants continued to work on the building after the building inspector had visited the site 

adding windows and doors to the addition. She also stated that parking is not adequate for the building 

with people attending the church have been known to park in other peoples driveways and block 

driveways with their cars. She also stated that the building has only one fire exit and is not safe. She 

further stated that they have events going on every night until 9pm at night and people are often parked 

two and three deep in the parking lot. Flynn asked Theis Barnett if she felt there was enough parking for 

the number of people attending services to which Theis Barnett tated that they do have parking on 5th but 

it is not enough.  

Holdiman asked if they are allowed to use on street parking to meet the parking requirements to which 

Anderson responded that generally the ordinance does not allow the use of on street parking however in 

older areas through the special permit process the Board of Adjustment can grant a variance to the 

parking requirements in these older neighborhoods, and take into consideration available on street 

parking.  

Flynn stated that she also has concerns about the parking went it snows that the number of parking spaces 

both in the parking lot and on the streets will be reduced creating a bigger problem for the neighbors. 

Flynn also asked if the applicant had been notified of the meeting time to which Dornoff responded that 

he attempted to call the applicant to remind them of the meeting but the phone number given was 

disconnected and they did not give an email. Anderson noted that the applicants were also notified at the 

counter and they receive a copy of the notice letter.  

Trost noted that with their estimated attendance that they are required to have 25 parking spaces but 

asked what the occupancy would be for a 4600 square foot building under building code to which 

Dornoff responded the Building Official was still trying to determine the occupancy number.  

Anderson noted that this item will go to the Board of Adjustment on the 4th Tuesday at 4:00pm in the 

City Council Chambers.  

Flynn stated that she believe that the no votes on this item had nothing to do with what was going to be in 

the building but had everything to do with safety questions, the neighbors, and non-compliance.  

Donat noted that the church will want their congregation to grow so it is vital that they deal with these 

issues.  

Paula Postel, 712 South asked if they can continue having church until this is determined to which 

Anderson stated yes. Postel stated that her problem was the parking and safety issues, she is afraid that 

there will be a fire,that the people will not be able to get out fast enough, the cars would explode and take 

the whole block with them. Postel stated that the existing church uses her driveway as a parking lot.  

Wilber stated that she feels if the building is not up to fire and building codes that creates concern and 

was disappointed that the applicant was not present to discuss the situation. She is also disappointed that 

they are holding meetings there when the building is not safe and noted that recent events have shown 

how dangerous and deadly this can be.  

It was moved by Trost, seconded by Schoborg to recommend approval of the special permit request for 

the religious facility, but denial of the special permit for the addition with the following conditions: 1) 

that there be a written agreement between the DWD Investments and the church for parking, 2) that 

the addition be demolished; 3) that the posts for the former sign in the parking lot be removed or a 

sign that meets the sign regulations for a “C-2” Commercial District be installed and 4) That the 
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applicant hire an architect to find solutions to the concerns of the fire and building departments. 

Motion failed 2 – 7 (Holdiman, Wilber, Flynn, Donat, Jackson, Serfling, and Leistikow voting no).   

 

2. Request by the City of Waterloo for a Special Permit for expansion of the Five Sullivan Brothers 

Convention Center located at 200 West 4th Street in the “C-3” Central Business District. 

 

Dornoff read the staff report recommending approval of the request. 

Donat asked if the existing convention center could be historical whether local or national to which 

Dornoff answered that the National Trust for Historic Preservation policy is that a building needs to be at 

least 50 years old before it becomes historical so that is at least 5 years away and while the City of 

Waterloo Historic Preservation Commission could declare it a local landmark, the commission generally 

follows the guidelines set forth by the National Trust.  

Flynn asked if the surrounding business owners are in favor of the project to which Anderson noted that 

there has been a steering committee put together by the mayor that has been discussing the project with 

business owners in the area. Serfling asked about the skywalks and the glass atrium on the southeast 

corner of the building to which Anderson explained where the skywalks go and the changes being made 

to the building.  

It was moved by Serfling, seconded by Flynn to recommend approval of special permit request. Motion 

carried unanimously.  

 

3. Request by MidAmerican Energy for a Special Permit for construction of a solar farm located east 

and north of 3050 Burton Avenue in the “A-1” Agricultural District. 

 

Hyberger read the staff report recommending approval of the request. 

 

Flynn asked if it was a problem with the solar farm interfering with the flight path to which Hyberger 

answered that it should not because the array is only 9 feet tall.  

 

Matt Ott, MidAmerican Energy, noted that MidAmerican has been a leader in renewable energy for 

several years and has heard from customers that they wanted the company to add solar energy to their 

portfolio. The site is 20 acres in size that would have the panels rotate with the orbit of the sun and start 

construction next spring. Donat asked if snow in the wintertime would be a concern for the applicant to 

which Ott stated that winter is taken into consideration.  

 

Robert Quario, 861 Airline Highway stated that the proposed solar farm is located directly across the 

street from his house, wondered if the panels will be pointed toward his house, was concerned about the 

electromagnetic fields created by the solar array, afraid that the well water will be contaminated, and 

worried about the EMF radiating the property, and afraid that MidAmerican will pack up and leave the 

area contaminated when they are done with them. Quario also stated that the fence will be out his front 

window and he wants to see some buffering. He is further concerned that water leaves his property and 

goes across the street and is concerned that he will be responsible for paying for drainage. Quario was 

also concerned that he would be looking into a prison yard until the trees are grown. Flynn asked Quario 

if he received a letter to which he said yes and Dornoff noted that the letters went out on Wednesday 

September 21st.  

 

Ott stated that they received a list of the neighbors and sent a letter out requesting land owners with 

questions to call him. Ott further stated that the panels will be oriented toward the east in the morning and 

the west in the evening and stated that the reflection would be equivalent or less to water.  
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Adam Jablonski, Renewable Energy Director for MidAmerican stated that there will be a tree buffer to 

reduce the reflection of the panels. He noted that the voltage would be equivalent to the energy running 

through the average home.  

 

Quario asked if MidAmerican had any medical studies proving that the solar panels will not cause cancer 

and if they are planning to purchase the property or lease it to which Jablonski responded that they do 

have experts testify when they getting permits when installing high voltage lines in that it is safe however 

these will be low voltage and will be underground and Ott stated that the plan is to purchase the land. Ott 

further stated that they will run the project themselves so when the panels come to the end of life they 

could renew the panels or they would be responsible for decommissioning and removing the panels.  

 

Flynn asked about the life expectancy of the panels to which Ott stated approximately 25-years but they 

could last longer. Flynn asked if there was a history of vandalism in these types of projects to which Ott 

responded that they do not have a lot of experience but noted that is the reason for the fence to keep 

people out of the area. 

 

Serfling asked how tall the tree will be to which Ott stated that the adult trees will be 10 to 15 feet tall 

and be at least 3 feet when they are planted. Anderson noted that the solar panels are a 179 feet from the 

highway and the trees will be about 150 feet which puts them about 300 feet from Quario’s home.  

 

Wilber asked Anderson to answer the question about drainage to which Anderson responded that in the 

tech review minutes Jaime Knutson City Engineer noted they would not be required to submit a drainage 

plan since there will not be hard surfacing around the solar panels but a SWPP plan will need to be 

submitted that would show how they plan to deal with runoff during construction. Ott noted that there is 

not a lot of land coverage with this type of solar project.  

 

Gary Lake, 929 West Airline Highway stated that there is a lot of if, ands and buts when it comes to this 

project. Also stated that the reflection off of water would blind you. Stated that it would affect wild life 

and the land is worthless after the solar farm is removed due to all the radiation. Also stated he was not 

against green energy but doesn’t want it across from his house and the 3-foot trees will not do anything 

for the residents. Ott responded that there is underground transmission lines all across the city and that it 

is 370 feet from the first solar panel to the house.  

 

Flynn asked if the Gunderson’s lived in the area to which Anderson responded that the planning office 

uses the list form the Black Hawk County Assessor to mail notice.  

 

It was moved by Schoborg, seconded by Leistikow to recommend approval of the special permit request 

with the following conditions: 1) that the solar array project meets all applicable city codes, 

regulations, etc. Including, but not limited to parking, landscaping, traffic plan, screening, drainage, 

etc. and 2) that trees are planted on the west and south property lines as shown on the site plan.  

Motion carried 8-1 (Flynn voting no).  

 

Holdiman left the meeting at 5:45pm.  

 

C. Encroachment Agreements 

1. Request by Scott Ford for an encroachment agreement to allow for construction of a garage 

extending 3’ into the right-of-way of West Donald Street located at 1661 Wakonda Drive. 
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Hyberger read the staff report recommending approval of the request with the following conditions: 1) 

that the property owner bring the garage structure up to meet all necessary Building Code, City 

Ordinance, and other code requirements including, but not limited to, framing, electrical, footings as 

required, internal and external drainage systems, etc.,  2) that the property owner meet the NESC 

standards, as determined by MidAmerican Energy, for safety of the structure located partially under the 

power lines in the area, including being responsible for any costs to move the lines if required by 

MidAmerican Energy. 

Wilber asked if there was any consideration for the city to vacate part of the right of way to which 

Hyberger answered no because of the power lines and Anderson confirmed that there is room to vacate 

but the issue is going to be the power lines but it can be looked at in the future. Serfling asked how close 

the roof is to the power lines to which Trost answered that they will be required to meet the NESC 

standards so it will be up the applicant to meet the requirements and Anderson noted that staff has been in 

constant contact with MidAmerican and they believe there is a way to make it work. Holdiman asked if 

the applicant had gone in for a building permit would he have been issued a permit to which Anderson 

said no.  

Scott Ford, 1661 Wakonda, apologized for not getting the permit did not think it was a big deal to build it 

on the easement since others had done it. Flynn asked if Ford was going to have a problem if 

MidAmerican tells him move the garage and wants him to be fully aware of that to which he stated it 

should be fine with the lines. Hyberger noted that there will need to be coordination between 

MidAmerican and Ford to make sure the building meets to standards but MidAmerican felt it could be 

workable. Ford asked why the power lines were put in so far away from the road. Ford said that he will 

set up one of the trusses so MidAmerican can see where they will be placed. Serfling asked Ford if 

anyone had talked to him about meeting the NESC standards and if necessary would have to pay for 

MidAmerican to move the power lines to which he said yes.  

It was moved by Serfling, seconded by Leistikow to recommend approval of the request with the 

following conditions: 1) that the property owner bring the garage structure up to meet all necessary 

Building Code, City Ordinance, and other code requirements including, but not limited to, framing, 

electrical, footings as required, internal and external drainage systems, etc.,  2) that the property 

owner meet the NESC standards, as determined by MidAmerican Energy, for safety of the structure 

located partially under the power lines in the area, including being responsible for any costs to move 

the lines if required by MidAmerican Energy. Motion carried unanimously.  

 

VI. Discussion   

 

The next meeting of the Planning, Programming and Zoning Commission will be on November 10th, 

2020. 

 

VII. Adjournment 
 
It was moved by Donat, seconded by Serfling, to adjourn the meeting at 5:56 p.m. Motion carried 
unanimously. 
 
Respectfully submitted, 

 
John Dornoff, 
Planner I 
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REQUEST: Ronnie L. Varney – 3349 Hammond Avenue 
Request for a variance to the requirement that the lot area of a lot to be split be 90% of 
the average of lots within 250 feet, located at 3349 Hammond Avenue in an “R-2” One 
and Two Family Residence District. 

GENERAL 
DESCRIPTION: 

Ronnie L. Varney at 3349 Hammond Avenue is requesting to split a lot into two lots. 
The easterly lot would be 70’ X 105’ or 7,350 square feet. The average lot size within a 
250 feet radius of the property requesting a variance is 16,311 square feet, 90% of 
which is 14,680 square feet. The westerly lot would be  220’ X 105’ or 23,100 square 
feet, which meets the average requirement 

LOCATION, 
CURRENT 
ZONING, AND 
ZONING HISTORY: 

The property requesting a lot split is located at 3349 Hammond Avenue, which is 
adjacent to the Hammond Avenue and Lois Lane intersection. The site is currently 
zoned “R-2” One and Two Family Residence District and has been as such since the 
adoption of the Zoning Ordinance. The surrounding properties are also zoned “R-2” 
One Family Residence District and “R-3” Multiple Residence District to the north, “R-
4” Multiple Residence District and “R-2” One and Two Family Residence District to 
the east, “R-2” One and Two Family Residence District and “R-4” Multiple Residence 
District to the south, and “R-2” One and Two Family Residence District and “R-3” 
Multiple Residence District to the west. 

 
IMPACT ON 
NEIGHBORHOOD 
& SURROUNDING  
LAND USES: 

 
The request would not appear to have a negative impact on the neighborhood as the 
three adjoining neighbors to the north all have compatible lot sizes to the new 
proposed 7,350 square foot lot.  

TRAFFIC 
CONDITIONS: 

The request would not appear to have any negative impact on traffic conditions in the 
area which mostly consists of duplexes and single family homes. 

RELATIONSHIP TO 
COMPREHENSIVE 
PLAN: 

The proposed request would be in conformance with the classification of this area as 
Low Density Residential on the Future Land Use Map within the City of Waterloo 
Comprehensive Plan adopted February 3, 2003.   

STAFF 
COMMENTS: 

The applicant is requesting to split a 30,450 square foot lot into two lots to create a 
new 7,350 square foot lot that will not meet the requirement that lot size be within 
90% of the average for all lots within 250-feet of the property to be split. The proposed 
lot area square footage will be 7,350 while 90% of the average would be 14,680 square 
feet. However, it should be noted that there are three lots to the north that are only 
9,600 square feet in size and there are 7 unplatted lots to the west that significantly 
increase the average lot size for the area. It should be noted that the proposed 7,350 
square feet lot meets all other width, length, and size requirements of the “R-2” One 
and Two Family Residence District, and there is a variety of lot sizes within the 
neighborhood. The westerly lot has the existing home at 3349 Hammond Avenue 
would have a lot size of 23,100 square feet, which meets the average lot size 
requirement.  
 

Criteria 
 

1. Lack of reasonable return- There would not appear to be a lack of 
reasonable return as the applicant has an existing home on the lot.  

 
2. Uniqueness- There appears to be uniqueness to the request as although the 

average lot size is high, there are many unplatted lots in the area that 
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increases the average but the lots immediately to the north are comparable 
in size, as are other lots in the neighborhood. And the area is a mixed 
neighborhood with multi-family condos located to the east, and a school 
and other non-residential uses to the southwest and south.  
 

3. Public Considerations- There would not appear to be a negative impact on 
the neighborhood.  
 
 

STAFF 
RECOMMENDATI
ONS: 

Staff recommends that  the request for a variance to the requirement that the lot area of 

a lot to be split be 90% of the average of lots within 250 feet, located at 3349 

Hammond Avenue in an “R-2” One and Two Family Residence District be approved 

for the following reason(s): 

 
1. The lot does meet the requirements of the “R-2” One and Two Family 

Residence District.  
2. There appears to be uniqueness to the request as although the average lot 

size is high, there are many unplatted lots in the area that increases the 
average but the lots immediately to the north are comparable in size, as are 
other lots in the neighborhood. 
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 Facing the south side of 3349 Hammond Avenue 

 

 
Facing the south side of 3349 Hammond Avenue 
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Facing south side of 3349 Hammond Avenue – Proposed new lot area 

 
Facing south side of 3349 Hammond Avenue – Proposed new lot area 
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Facing south side of 3349 Hammond Avenue – Proposed new lot area 

 
Facing South of 3349 Hammond Avenue 
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REQUEST: Request by Barry Lokeijak for a Special Permit to allow for a 
religious facility to be located at 525 West 5th Street in an “C-
2” Commercial District, with a 100 Square Foot addition.  

APPLICANT: Barry Lokeijak, 216 Wellington Street, Waterloo, Iowa 50701 

GENERAL 
DESCRIPTION: 

The applicant is requesting to legalize an existing religious 
facility that has been operating out of the building at 525 West 
5th Street/  

 

IMPACT ON 
NEIGHBORHOOD & 
SURROUNDING 
LAND USES: 

The request would appear to have a negative impact on the 
surrounding area.  

VEHICULAR & 
PEDESTRIAN 
TRAFFIC 
CONDITIONS: 

The proposed request could have a negative impact upon 
vehicular or pedestrian traffic in the area. The area is served 
by West 5th Street which is a minor arterial and South Street 
which is a local street.       

RELATIONSHIP TO 
RECREATIONAL 
TRAIL PLAN AND 
COMPLETE STREETS 
POLICY: 

The US Highway 218 Trail is located 0.197 miles to the 
northeast. The Park Avenue Bicycle lanes are located two 
blocks to the northwest. There are sidewalks on all streets 
surrounding the property.  

ZONING HISTORY 
FOR SITE AND 
IMMEDIATE VICINITY: 

The property in question is zoned “C-2” Commercial District 
and has been zoned as such since the adoption of the zoning 
ordinance in 1969. 
 
Surrounding land uses and their zoning are as follows: 
 

North – Commercial businesses zoned “C-2” Commercial 
District.   

South – Residential and professional offices zoned “C-2” 
Commercial District and “R-3” Multiple Residence District.    

East – Commercial zoned “C-2” Commercial District 

West – Religious facilities and former Sacred Heart School 
zoned “C-2” Commercial District.  
 

DEVELOPMENT 
HISTORY: 

Residences built between 1886 and 1918, commercial 
properties built between 1914 and 1963, and religious facilities 
built between 1916 and 1929.  

BUFFERS/ 
SCREENING 
REQUIRED: 

No buffers or screening will be required.  
 

DRAINAGE: A drainage plan will not need to be submitted for this proposal.  

FLOODPLAIN 
INFORMATION: 

No portion of the property is located within a special flood 
hazard area, as indicated by the Federal Insurance 
Administration's Flood Insurance Rate Map, Community 
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Number 190025 and Panel Number 0302F, dated July 18, 
2011.  

PUBLIC/OPEN 
SPACES/SCHOOLS: 

Irving Elementary School is located 0.43 miles to the 
southwest; Hoover Elementary School is located 2.12 miles to 
the southwest and George Washington Carver Academy is 
located 2.12 miles to the north; and East High School is 
located 1.05 miles to the northeast.  

The nearest open space is Washington Park located two 
blocks to the northwest.  

UTILITIES: WATER, 
SANITARY SEWER, 
STORM SEWER, ETC: 

There is a 12” sanitary sewer line located in South Street and 
a 24” sanitary sewer line that runs under West 5th Street and 
under the building to the northeast of the proposed church. 
There is also overhead power lines located along South 
Street.  

RELATIONSHIP TO 
COMPREHENSIVE 
LAND USE PLAN: 

The Future Land Use Map designates this area as Commercial.  
The special permit request would be conformance with the 
Future Land Use Map and Comprehensive Plan for this area.   

 

STAFF ANALYSIS – 
ZONING 
ORDINANCE: 

The applicant is requesting a Special Permit to allow for a 
religious facility in an existing commercial building. They were 
also originally requesting to allow for an addition on the 
southeast side of the building, but they have begun to remove 
the addition, which had significant Building Code and Zoning 
Ordinance Issues.The church has apparently been holding 
church services at the building for 10 years and is buying the 
building on contract from JDS Homes LLC. However the site 
has never been approved for a Special Permit to allow the site 
to be used as a religious facility. The applicants are also 
requesting a variance to the parking requirements.  

The facility currently has approximately 100 members and 
approximately 4600 square feet of space in their building. 
Parking requirements for a religious facility is one (1) parking 
space for each four (4) persons of maximum occupancy of the 
sanctuary, auditorium and main hall. Since the building is made 
up of largely one big room the occupancy of the building is 
approximately 306 which means that the parking requirements 
for the facility is 77. The applicant states that they have a 
congregation of 100 which would require 25 spaces.  

Currently there is only 5 usable parking spaces in the front of 
the building. However, the applicants do have a written 
agreement with the owner of the adjacent parking lot and 
storage building to use that lot for parking. However that parking 
lot only has room for approximately 13 legal parking spaces.  

In addition, both South Street and West 5th Street have on street 
parking that effectivily creates approximately 15 more spaces 
for members of the facility to park. The applicant indicated that 
many people walk to the services. However, two neighboring 
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land owners stated that members of the church have parked 
either in their driveways or blocking their driveways. In addition 
they stated that the congregation often park 3 deep in the 
parking lot causing cars to be blocked in and creating a fire 
hazard.  

Therefore while the facility would be close to meeting the 
parking requirements for what they state is the size of the 
congregation, the Parking Ordinance is based off of the actual 
occupancy of the building which means the facility is short more 
than 50 parking spaces. And technically the site would be short 
71 stalls, because only the 4 stalls are on their property, and 
the written agreement allowing the adjacent parking to be used 
is not an exclusive agreement, and could be terminated at any 
time.  

The building also has two poles on the west side of the property 
that were formally used for a pole sign. The Zoning Ordinance 
requires that the support structure for abandoned signs be 
removed within 180 days of the business closing which has long 
passed. Therefore the applicants will either need to remove the 
support structure or install a new sign that would meet all of the 
requirements for a pole sign in the “C-2” Commercial District.                                                                                                                                            

The applicants also had started construction on a new addition 
in the parking lot attached to the building. There was no building 
permit issued for the building, the structure did not meet 
building code, and would not meet the requirements of the 
Zoning Ordinance due to being on the adjacent lot not meeting 
setback requirements, and being built over a property line on 
land not being purchased by the church. When the applicants 
talked to staff they described it as shed however when staff was 
on site the structure is actually an entranceway addition to the 
main building. Not only does the building not meet building and 
zoning regulations but it also takes up two of the parking spaces 
in the lot. At this time the applicants have removed the walls of 
the addition but the support structure is still there. The applicant 
will be required to remove the rest of the structure regardless of 
the outcome of this request.  

The fire department has concerns about the building including 
the need for a sprinkler system and alarm system and request 
that a architect examine the building. These issues will need to 
be addressed by the applicant separately from the Special 
Permit request if approved.  

At their October 6th, 2020 meeting the Planning, Programming 
and Zoning Commission failed to recommend approval of the 
Special Permit with two voting to approve and 7 voting to deny. 

Two nearby resident property owners testified against the 
Special Permit and notedissues with parking including 
members of the church parking in neighbor’s driveways and 
blocking driveway entrances.  
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It was stated by members of the commission that they voted no 
against the staff recommendation of approval because of 
concerns expressed by the neighbors and concerns over the 
safety of the building, and fire and building code issues.  

It should also be noted that staff attempted to contact the 
applicants with the concerns that came up during tech review 
and remind them about the Planning, Programming and Zoning 
Commission meeting but the phone number they gave to staff 
was disconnected. Staff did send a letter to the applicants on 
October 16, 2020 to remind them of the Board of Adjustment 
meeting and to inform them of the decision of the Planning, 
Programming, and Zoning commission for a recommendation 
and the other concerns that have come up since they turned in 
the application.  

Criteria 

 

1. Lack of reasonable return- There would not appear 
to be a lack of reasonable return because the 
property is zoned “C-2” and could be used for other 
commercial uses that do not require special permit 
approval and do not involve an assembly use 
requiring a sprinkler system.   

 
2. Uniqueness- There would appear to be uniqueness 

to the request as the applicants have been using the 
building as a religious facility for approximately 10 
years.  

 
3. Public Considerations- There would appear to be a 

negative impact on the community as neighbors 
have stated that there is ongoing parking issues with 
the building and the parking situation is just not on 
Sundays but almost every weeknight.  

 

STAFF ANALYSIS – 
SUBDIVISION 
ORDINANCE: 

The applicant is not proposing to subdivide the property, so no 
subdivision ordinance requirements apply.  

STAFF 
RECOMMENDATION: 

Staff recommends denial of the Special Permit to allow for a 
religious facility and the variance to the parking requirements 
for the facility:  

1. The facility could have a negative impact on the 
neighborhood.  

2. Two neighboring property owners noted the parking 
issues with the facility. 

3. There is issues with the building when it comes to 
meeting the Fire and Building Codes.  
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However, if the Board of Adjustment approves the Special 
Permit to allow for an religious facility and the variance to the 
parking requirements for the facility, do so for the following 
reasons: 

1. There appears to be uniqueness in the request as the 
applicants have been using the building as a religious 
facility for 10 years.  

With the following conditions:  

1. That there be a written agreement between the DWD 
Investments and the church for parking.  

2. That the addition be demolished.  
3. That the posts for the former sign in the parking lot be 

removed or a sign that meets the sign regulations for a 
“C-2” Commercial District be installed.  

4. That the applicants hire an architect to make changes 
to the building to meet the requirements of the fire and 
building departments.  

5. That the applicants find additional parking for their 
congregation and present signed agreements to staff, 
or remodel the building to lessen the size of the main 
assembly hall so that the maximum occupancy would 
be 100 persons, which would equate to a parking 
requirement of 25, which would be reasonable variance 
given the 5 stalls on the site and the 13 adjacent stalls 
that they have permission to use, in addition to the 
adjacent on street parking that is available.  
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525 West 5th Street – Special Permit 

 

 
 

Looking at the South Street side of the building with the sign poles that need to be removed.  

 

 
 

Looking at the parking lot and residences to the south of the subject property.  
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Looking east along the parking lot with addition in background.  

 

 
 

Looking at the proposed addition.  
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Churches northwest of the proposed religious facility.  

 

 
 

Looking west toward South Street.  
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Looking at the addition and the other building on site to the right.  

 

 
 

Looking along alley at doors to storage building.  
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Looking west to the back of the neighboring duplexes and the parking lot.  

 

 
 

Parking along South Street.  
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REQUEST: Request by the City of Waterloo for a Special Permit for 
expansion of the Five Sullivan Brothers Convention Center 
located at 200 West 4th Street in the “C-3” Central Business 
District. 

APPLICANT: City of Waterloo, 715 Mulberry Street, Waterloo, Iowa 50703 

GENERAL 
DESCRIPTION: 

The applicant is requesting to expand the existing convention 
center by 5,901 square feet.  

IMPACT ON 
NEIGHBORHOOD & 
SURROUNDING 
LAND USES: 

The request would not appear to have a negative impact upon 
the surrounding area as the area is in the west commercial 
district surrounded by commercial and civic uses.  
  

VEHICULAR & 
PEDESTRIAN 
TRAFFIC 
CONDITIONS: 

The proposed request would not appear to have a negative 
impact upon vehicular or pedestrian traffic in the area as it is 
an expansion of the existing convention on its existing 
footprint.      

RELATIONSHIP TO 
RECREATIONAL 
TRAIL PLAN AND 
COMPLETE STREETS 
POLICY: 

The site has sidewalks on all sides. The Park Avenue bike 
lanes are located on the north side of the building and the US 
Highway 218 trail is located one block to the west.  
 
 

ZONING HISTORY 
FOR SITE AND 
IMMEDIATE VICINITY: 

The site has been zoned “C-3” Central Business District since 
the adoption of the Zoning Ordinance in 1969.  

North – Commercial and Civic uses zoned “C-3” Central 
Business District.  

South – Commercial and Mixed-Use Residential zoned “C-3” 
Commercial District.  

East – Former courier buildings, parking lot and professional 
office zoned “C-3” Commercial District.  

West – Experience Waterloo, Silos and Smokestacks, 
RiverLoop Expo Plaza, and Commercial zoned “C-3” Central 
Business District.  

 

DEVELOPMENT 
HISTORY: 

Buildings in the area were built between 1882 and 200. 
 

BUFFERS/ 
SCREENING 
REQUIRED: 

No buffers or screening will be required.  

DRAINAGE: A drainage plan will not be needed as it is an existing building 
located in the central business district which does not require 
detention.  
 

FLOODPLAIN 
INFORMATION: 

The property is located in Zone X: protected by levee as 
determined by the FEMA Flood Insurance Rate Map 
(Community No. 190025 Panel No. 0302F, Effective July 18, 
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2011). 

PUBLIC/OPEN 
SPACES/SCHOOLS: 

Irving Elementary School is located 0.682 miles to the 
southwest; George Washington Carver is located 1.81 to the 
north, and East High School is located 0.568 miles to the 
northeast.  

The nearest open space is RiverLoop Expo Plaza located to 
the north of site.  

UTILITIES: WATER, 
SANITARY SEWER, 
STORM SEWER, ETC: 

The facility is served by all utilities.   

RELATIONSHIP TO 
COMPREHENSIVE 
LAND USE PLAN: 

The Future Land Use Map designates the area as 
Commercial, and this request would be in conformance with 
such designation. The site is located within the Primary 
Growth Area as designated on the Growth Area Map within 
the Comprehensive Plan. 

STAFF ANALYSIS – 
ZONING 
ORDINANCE: 

The applicant is requesting to approve the expansion of the 
existing Five Sullivan Brothers Convention Center. The 
expansion of the building will add 5,901 square feet to the 
existing 49,233 square foot footprint of the building, which 
works out to a 11.9% increase in total footprint.  

In addition to the increased square footage the building will be 
extensively, updated creating a more modern look and update 
the facilities within the complex.  

The existing convention center facilities that were constructed 
in 1975 are life expired and in need of renovation. In addition 
the exterior of the building reflects the architectural style of the 
time and is outdated compared to comparable facilities in the 
area.  

At their October 6, 2020 meeting Planning, Programming and 
Zoning Commission voted unanimously 9-0 to recommend 
approval of the request.  

STAFF ANALYSIS – 
SUBDIVISION 
ORDINANCE: 

The applicant is not proposing to subdivide the property, so no 
subdivision ordinance requirements apply. 

STAFF 
RECOMMENDATION: 

Therefore, staff would recommend approval of the request by 
the City of Waterloo for a Special Permit for expansion of the 
Five Sullivan Brothers Convention Center located at 200 West 
4th Street in the “C-3” Central Business District for the 
following reasons:  

1. The request is in an area zoned “C-3” Central Business 
District.  

2. The proposal would not appear to have a negative 
impact on the neighborhood or traffic conditions in the 
area.  
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3. The surrounding area is composed of compatible 
businesses.  

4. The expansion and remodel of the Five Sullivan 
Brothers Convention Center will complement the recent 
remodel of the hotel and the historic properties that 
have been revitalized by JSA Development across the 
street from the facility.  

5. Will be a catalyst for future development in the area.   
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FIRST FLOOR

PLAN

FIVE SULLIVAN

BROTHERS

CONVENTION

CENTER

WATERLOO IOWA

JPZ

JPZ/KMB

07/21/2020

KMB

20-23943

ADDITION AND

RENOVATION

7A1-22 FIRST FLOOR PLAN

7400 23943 7A1-22

1/8" = 1'-0"1
FIRST FLOOR PLAN

KEYNOTE LEGEND
712 INFILL EXISTING DUCT OPENING. REFER TO STRUCTURAL

DRAWINGS FOR FRAMING & FLOOR DECK.

713 INFILL OPENING AT LOCATION OF EXISTING MECHANICAL
EQUIPMENT REMOVAL WITH BRICK TO MATCH EXISTING.
TOOTH IN NEW BRICK TO MATCH EXISTING COURSING.

714 INFILL OPENING AT LOCATION OF EXISTING MECHANICAL
EQUIPMENT REMOVAL WITH METAL STUDS GYPSUM BOARD.

715 PROVIDE EXISTING ELEVATOR WITH NEW TRAVELING CABLE
WITH PROPER CONNECTIONS TO CARD READER,
ASSOCIATED SOFTWARE AND NEW CONTROL SYSTEM.
ELEVATOR SHALL BE BROUGHT UP TO CURRENT FIRE
SERVICE CODE.

716 APPLY 5/8" GYP. BD. TO EXISTING WALL. EXTEND TO ABOVE
NEW CEILING.

718 STAIN EXTERIOR BRICK PILASTER TO MATCH EXIISTING.

719 GALVANIZED STEEL PIPE TUBE HANDRAIL - PAINT. REFER TO
SHEET A3-31.

720 INFILL OPENING WITH GYPSUM BOARD TO MATCH
ADJACENT SURFACE. PAINT.

721 INFILL DEMOLISHED WALL WITH METAL STUDS AND GYPSUM
BOARD TO MATCH EXISTING ADJACENT SURFACES. PAINT.

724 EXISTING OPERABLE PARTITION TO REMAIN.

725 MONITOR. REFER TO TECHNOLOGY. REFER TO SHEET
7A6-13 FOR RECESS DETAIL.

KEYNOTE LEGEND
701 APPLY 5/8" GYPSUM BOARD TO EXISTING MASONRY WALL.

EXTEND TO STRUCTURAL DECK ABOVE.

702 PATCH DEMOLITION OPENING WITH NEW CMU. TOOTH IN
NEW BLOCK TO EXISTING WALL AND MATCH COURSING.

703 MONITOR. REFER TO TECHNOLOGY DRAWINGS. PROVIDE
ALL NECESSARY BLOCKING.

704 ELECTRICAL FLOOR BOX. REFER TO ELECTRICAL
DRAWINGS.

705 DRINKING FOUNTAIN. REFER TO PLUMBING DRAWINGS.

707 ALIGN FACE OF STUD WITH FACE OF EXISTING WALL FOR
CONTINOUS GYPSUM BOARD FINISH.

708 INFILL EXISTING FLOOR GRATE RECESS WITH CONCRETE.
FINISH TO MATCH ADJACENT SURFACES.

709 REMOVE EXISTING FLOOR SEAL. PREP AND SEAL TO MATCH
ADJACENT NEW CONCRETE FINISH.

710 EXISTING CMU WALL TO BE FULLY GROUTED TO ACHEIVE
FIRE RATING.

SHEET NOTES

• ALL INTERIOR PARTITION WALLS SHALL BE WALL TYPE A3, 
UNLESS OTHERWISE NOTED.

• PITCH ALL NEW CONCRETE STOOPS 1/4" PER FOOT AWAY 
FROM BUILDING.

• DIMENSIONS ARE FROM FACE OF MASONRY/ CONCRETE 
AND CENTER OF ASSEMBLY FOR STUD WALL, UNLESS 
NOTED OTHERWISE.

• REFER TO G1-21 FOR RATED WALL LOCATIONS.
• HOUSEKEEPING AND EQUIPMENT PADS BY GENERAL 

CONTRACTOR. SEE FIRE PROTECTION, PLUMBING, HVAC 
& ELECTRICAL PLANS FOR LOCATIONS.

• FIRE STOP ALL PENETRATIONS INCLUDING BUT NOT 
LIMITED TO STEEL JOISTS & BEAMS, PIPING AND 
DUCTWORK THRU RATED WALLS.

• SEE STRUCTURAL PLANS FOR MASONRY WALL BRACING 
DETAILS.

• IDENTIFY WITH PAINTED LETTERING 'FIRE WALL' AND 'FIRE 
BARRIER WALL' ABOVE CEILING 20'-0" O.C. MAX, BOTH 
SIDES OF WALL. SEE G1-21 FOR LOCATIONS OF RATED 
WALLS.

• PROVIDE LINTELS AS SHOW N IN STRUCTURAL DRAWINGS 
ON NON-LOAD BEARING WALL LINTEL SCHEDULE AT ALL 
NON-BEARING W ALL OPENINGS, INCLUDING DUCT 
OPENINGS.

• ALL PIPING, CONDUITS AND RELATED MECHANICAL AND 
ELECTRICAL ITEMS SHALL BE CONCEALED W ITHIN 
GYPSUM BOARD FURRING AS REQUIRED IN FINISHED 
AREAS WHETHER SHOWN ON DRAWINGS OR NOT, 
UNLESS NOTED OTHERWISE.

• PROVIDE BULLNOSE CORNERS AT CMU VERTICAL 
CORNERS UNLESS OTHERWISE INDICATED. PROVIDE 
SQUARE EDGE CMU AT VERTICAL CORNERS WHERE CMU 
IS SCHEDULE TO RECEIVE CERAMIC TILE.

• PAINT ALL EXPOSED METALS INCLUDING, BUT NOT 
LIMITED TO COLUMNS, RISERS, STRINGERS, HANDRAILS, 
GUARDRAILS, EXPOSED LINTELS AND FLOOR EDGES, 
UNLESS NOTED OTHERWISE.

• WHERE EXISTING ITEM IS REMOVED AND NEW  ITEM IS 
SMALLER AND INSTALLED IN THE SAME LOCATION, CLEAN 
AND REPAIR THE SIGHT-EXPOSED SURFACES TO REMAIN 
TO MATCH THE CONSTRUCTION MATERIALS AND 
METHODS, FINISHED TEXTURE, PATTERN, AND COLOR OF 
THE ADJACENT SURFACES TO REMAIN. 

REVISION SCHEDULE

DATE DESCRIPTION BY

08/06/20 ADDENDUM #2 JPZ

38
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5,753.438 sf
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REQUEST: Request by MidAmerican Energy for a special permit to allow 
for the construction of a 3 Megawatt ground mounted, single-
axis photovoltaic solar electricity generating system, within the 
“A-1” Agricultural District, located north and east of 3050 
Burton Avenue.    

APPLICANT(S): MidAmerican Energy Company, 4299 NW Urbandale Drive, 
Urbandale, IA, 50322. 

GENERAL 
DESCRIPTION: 

The ground mounted, single-axis photovoltaic solar electricity 
generating system will be located adjacent to an existing 
substation at the northeast corner of West Airline Highway 
and Burton Avenue. The dimensions for the 3 Megawatt  solar 
array are 900’ X 1,115’, except for the 365’ X 365’ southwest 
corner, which is the substation.  

The ground mounted, single-axis photovoltaic solar electricity 
generating system will have a total wattage of 3,921 kW DC. 
The DC current produced by the array needs to be inverted 
into AC electricity which will tie directly into the power grid. 
The inverters on the project will invert the DC current to AC 
electricity producing 3,000 kW AC. The electricity produced by 
the project would be placed on the local electric distribution 
system and used by the residents of Waterloo.  

 

IMPACT ON 
NEIGHBORHOOD & 
SURROUNDING 
LAND USES: 

The majority of the surrounding properties are zoned 
agricultural to the north and east, and industrial/commercial to 
south and west. The request would not appear to have a 
negative impact on the area. A  perimeter fence will be placed 
on all sides of the facility that will be comprised of a 6’ high 
chain link fence with 3 strands of barbed wire for a total height 
of 8’.  

VEHICULAR & 
PEDESTRIAN 
TRAFFIC 
CONDITIONS: 

The site is served by Airline Highway and Burton Avenue 
which are classified as a minor arterial and a collector. The 
proposed location of the solar array would not appear to 
cause a negative impact on traffic conditions in the area. The 
solar array will be 9’ high, the fence surrounding them will be 
8’ high. There are no sidewalks on either side of Airline 
Highway or Burton Avenue.  

 

RELATIONSHIP TO 
RECREATIONAL 
TRAIL PLAN: 

The Donald Street Trail is located approximately 1 mile south 
of the project site.  

ZONING HISTORY 
FOR SITE AND 
IMMEDIATE VICINITY: 

 

 The area has been zoned “A-1” Agricultural District since 
adoption of the Zoning Ordinance No. 2479 in 1969.  
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DEVELOPMENT 
HISTORY: 

Surrounding land uses include: 

North – Vacant Land and Agricultural uses, zoned “A-1” 
Agricultural District. 

South – W Airline Highway, Industrial, Commercial, and 
Residential uses, zoned “A-1” Agricultural District, “M-1” Light 
Industrial District, and “C-2” Commercial District. 

East – Vacant land, Agricultural and Residential uses, zoned 
“A-1” Agricultural District. 

West – Burton Avenue, Industrial, Commercial, and 
Residential uses, zoned “M-1” Industrial District, “A-1” 
Agricultural District, and “C-2” Commercial District.  

 

 

This surrounding area has historically been utilized for a mix 
of agricultural, commercial, industrial, and residential uses. 
The proposed site of the solar array is currently vacant farm 
ground.  

BUFFERS 
REQUIRED/ NEEDED: 

As part of the application a perimeter fence will be placed on 
all sides of the facility that will be comprised of 6’ high chain 
link fence with 3 strands of barbed wire for a total height of 8’. 
The applicant also plans to plant 4 Fat Albert Blue Spruce 
trees and 5 Sunkist Arborvitae along the south property line. 
In addition 18 Fat Albert Blue Spruce trees and 17 Sunkist 
Arborvitae will be planted along the west property line. This 
will help screen adjacent residential uses. 

DRAINAGE: No drainage problems or concerns are known for this site/area.  
The proposed solar array project would not appear to have a 
negative impact on drainage. The solar array has a very small 
footprint and the vast majority of the site will remain grass. 

FLOODPLAIN: The project will not be constructed within a special flood 
hazard area, as determined by the FEMA Flood Insurance 
Rate Map (Community No. 190025 Panel No. 0186F, Effective 
July 18, 2011). 

PUBLIC /OPEN 
SPACES/ SCHOOLS: 

There are no parks in the immediate vicinity. Lincoln 
Elementary School is located approximately 1.75 miles to the 
southeast, Central Middle School is located approximately 3.5 
miles to the southwest, and East High is located 
approximately 4 miles to the southeast of the project site.  

UTILITIES: WATER, 
SANITARY SEWER, 
STORM SEWER,ETC. 

There is an 8” sanitary sewer main underneath West Airline 
Highway. No utilities will be impacted by the project.  

RELATIONSHIP TO 
COMPREHENSIVE 
LAND USE PLAN: 

The Comprehensive Plan and Future Land Use Map 
designate this area as low density residential. A solar array is 
in conformance with the future land use map and is allowed in 
any zoning district. The site is located within a Primary Growth 
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Area as designated on the Growth Area Map within the 
Comprehensive Plan. 

STAFF ANALYSIS – 
ZONING 
ORDINANCE: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The City of Waterloo Zoning Ordinance requires large utility 
scale solar collection systems to go through the Special 
Permit process. The application will go before the Planning, 
Programming & Zoning Commission for a recommendation 
and later before the Board of Adjustment for the final vote. 
The 3 megawatts ground mounted, single-axis photovoltaic 
solar electricity generating system meets all requirements of 
the Zoning Ordinance and no variances are required. Areas 
disturbed by construction activities will be replanted by utilizing 
sudas type 1 lawn seed mix. 

The proposed solar array will be 9’ in height, and a perimeter 
fence will be placed on all sides of the facility that will be 
comprised of a 6’ high chain link fence topped with 3 strands of 
barbed wire for a total height of 8’. Trees will be placed along 
the west and south property lines. The solar array is not 
anticipated to have a negative impact on the surrounding area.  

The project also meets all setback and height requirements. 
Solar collection systems are permitted in all districts. It should 
also be noted that this green energy project will produce 
enough electrify to be able to power up to 620 average Iowa 
homes annually.  

The Planning and Zoning Commission unanimously 
recommended approval of the special permit at their regular 
meeting on October 6, 2020.  

Property owners south of the solar project site on West Airline 
Highway had concerns regarding the project such as the 
distance the solar arrays are from their homes, the potential for 
electromagnetic radiation, environmental health concerns, the 
size of the proposed trees and their growth rate, the 
decommissioning of the site when the solar array is no longer 
active. Mid-American Energy and City of Waterloo Staff worked 
on addressing these concerns.  

Staff reached out to the Black Hawk County Health 
Department, who noted they are not experts regarding solar 
arrays and could not comment on the project. Fat Albert Blue 
Spruce grow at a rate of approximately 6 to ten inches per year 
with a maximum height of 15 feet and a spread of 10 feet. 
Sunkist Arborvitae grow at a rate of 6 to ten inches per year 
with a height maximum of 10 feet and a spread of 5 feet. The 
applicant noted they are willing to plant taller trees.  

The distance from the homes on the south side of West Airline 
Highway to the solar arrays is approximately 320 feet, and the 
decommissioning of the site has been added as a condition for 
project approval. Building Inspections noted that their National 
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TECHNICAL REVIEW 
COMMITTEE: 
 

Electric Safety Code does not apply to the project because it 
falls under Mid-American Energy’s jurisdiction with them being 
a public utility as the electric provider for the City of Waterloo.  

Mid-American energy also provided information to the two 
neighboring property owners that addressed Electromagnetic 
Field Measurements (EMF) from solar arrays, Questions and 
Concerns regarding “Ground Mounted Photovoltaic Systems,” 
“Top Five Large-Scale Solar Myths,” and information 
concerning “The Environmental Review of Solar Farms in the 
Southeast U.S.” This information addressed all questions 
raised by neighboring property owners at the Planning and 
Zoning Commission Regular meeting on October 6, 2020. 

 

The Technical Review Committee noted that a SWPPP (Storm 
Water Pollution Prevention Plan) will be required by the 
engineering department due to the size of the site. The fire 
department has no concerns regarding the project due to the 
fact that all trees will be at least ten feet from all solar arrays. 

STAFF ANALYSIS – 
SUBDIVISION ORD: 

The applicant is proposing to subdivide the property at this 
time, and as the first split of the property it will be 
administratively reviewed.  

STAFF 
RECOMMENDATION: 

Therefore, staff recommends the request by MidAmerican 
Energy for a Special Permit to allow for the construction of a 3 
megawatt ground mounted, single-axis photovoltaic solar 
electricity generating system, within the “A-1” Agricultural 
District, located north and east of 3050 be approved for the 
following reasons: 

1. The request would not appear to have a negative impact 
on the neighborhood or traffic conditions in the area. 

2. The request is in conformance with the Future Land Use 
Map and the Comprehensive Plan. 

3. This green energy project will produce enough electrify to 
be able to power up to 620 average Iowa homes 
annually. 

And subject to the following conditions: 

1. That the solar array project meets all applicable city 
codes, regulations, etc. Including, but not limited to 
parking, landscaping, traffic plan, screening, drainage, 
etc. 

2. That trees are planted on the west and south property 
lines as shown on the site plan.  

3. The applicant will be responsible for decommissioning 
the site by removing all solar panels and their 
appurtenances and ensuring the site is returned back to 
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a natural state (seeded, completely vacant ground) once 
the project is completed.  
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MidAmerican Solar Farm – Special Permit 

 

 
 

Looking northeast from Airline Highway.  

 

 
 

Looking north from Airline Highway.  
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Looking west toward the current substation.  

 

 
 

The existing substation.  
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Home on the south side of Airline Highway.  

 

 
 

Looking east along Airline Highway toward Burton Avenue.  
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Facing West Side of Prairie Lakes Solar Cedar Falls 

 

 
Facing North Side of Prairie Lakes Solar Cedar Falls 
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Facing West Side of Prairie Lakes Solar Cedar Falls 

 

 
Facing West Side of Prairie Lakes Solar Cedar Falls 
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Facing West Side of Prairie Lakes Solar Cedar Falls 

 
Facing West Side of Prairie Lakes Solar Cedar Falls 
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Facing West Side of Prairie Lakes Solar Cedar Falls 

 
 Facing South Side of Prairie Lakes Solar Cedar Falls 
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PLANT SCHEDULE

GROWS 10-15' TALL

SUNKIST ARBORVITAE

Thuga occidentalis 'Sunkist'TO
3' Ht.

GROWS 15' TALL

FAT ALBERT BLUE SPRUCE

Picea pungens 'Fat Albert'PP
3' Ht.

GENERAL NOTES

A. CONTRACTOR SHALL CONSTRUCT THE PROPOSED IMPROVEMENTS PER SUDAS - STATEWIDE URBAN

DESIGN AND SPECIFICATIONS.

B. CONTRACTOR IS RESPONSIBLE FOR REPAIRS OF DAMAGE TO ANY EXISTING IMPROVEMENTS DURING

CONSTRUCTION, SUCH AS, BUT NOT LIMITED TO PAVEMENT, STRIPING, CURBS, ETC. REPAIRS SHALL BE

EQUAL TO OR BETTER THAN EXISTING CONDITIONS.

C. CONTRACTOR IS RESPONSIBLE FOR CONDUCTING A SITE VISIT PRIOR STARTING CONSTRUCTION

ACTIVITIES TO BECOME FAMILIAR WITH EXISTING FEATURES AND CONDITIONS.

D. CONTRACTOR TO LOAD AND TRANSPORT ALL MATERIALS CONSIDERED TO BE UNDESIRABLE AND NOT TO

BE INCORPORATED INTO THE PROJECT, INCLUDING BACKFILL, TO AN APPROVED OFF-SITE WASTE SITE.

E. THE CONTRACTOR IS RESPONSIBLE FOR CLEANING DIRT AND DEBRIS FROM NEIGHBORING STREETS,

DRIVEWAYS, AND SIDEWALKS CAUSED BY CONSTRUCTION ACTIVITIES IN A TIMELY MANNER. THE

CONTRACTOR SHALL KEEP THE PROJECT SITE NEAT AND ORDERLY AT ALL TIMES WHILE CONSTRUCTION IS

IN PROGRESS. ACCESS STREETS TO THE DEVELOPMENT SHALL BE KEPT CLEAN OF MUD, DEBRIS, PAPER

AND WASTE MATERIAL AT ALL TIMES.

F. CONSTRUCTION SITE SAFETY IS THE SOLE RESPONSIBILITY OF THE CONTRACTOR WHO CONTROLS THE

MEANS, METHODS, AND SEQUENCING OF CONSTRUCTION OPERATIONS. UNDER NO CIRCUMSTANCES

SHALL THE INFORMATION PROVIDED HEREIN BE INTERPRETED TO MEAN THAT THE ENGINEER OR CITY OF

WATERLOO IS ASSUMING ANY RESPONSIBILITY FOR CONSTRUCTION SITE SAFETY OR THE CONTRACTOR'S

ACTIVITIES.

G. UTILITY WARNING: THE UTILITIES SHOWN HAVE BEEN LOCATED FROM FIELD SURVEY INFORMATION AND/OR

RECORDS OBTAINED.  THE SURVEYOR MAKES NO GUARANTEE THAT THE UTILITIES SHOWN COMPRISE ALL

SUCH UTILITIES IN THE AREA, EITHER IN SERVICE OR ABANDONED.  THE SURVEY FURTHER DOES NOT

WARRANT THAT THE UTILITIES SHOWN ARE IN THE EXACT LOCATION INDICATED.

H. NOTIFY UTILITY OWNERS, OWNER, AND ENGINEER AT LEAST 48 HOURS PRIOR TO BEGINNING ANY

CONSTRUCTION.  CONTRACTOR IS  RESPONSIBLE FOR DETERMINING EXISTENCE, EXACT LOCATION AND

DEPTH OF ALL UTILITIES.  AVOID DAMAGE TO UTILITIES AND SERVICES DURING CONSTRUCTION.  ANY

DAMAGE DUE TO THE CONTRACTOR'S CARELESSNESS SHALL BE CORRECTED AT THE CONTRACTOR'S

EXPENSE.  COORDINATE AND COOPERATE WITH UTILITY COMPANIES DURING CONSTRUCTION.

I. ALL PLANT MATERIAL SHALL AT LEAST MEET MINIMUM REQUIREMENTS SHOWN IN THE "AMERICAN

STANDARDS FOR NURSERY STOCK" (ANSI Z60.1-LATEST EDITION).

J. CONTRACTOR SHALL GUARANTEE ALL PLANT MATERIAL FOR A PERIOD OF ONE YEAR FROM DATE OF

INSTALLATION.

K. PROVIDE 3-INCH DEPTH SHREDDED HARDWOOD MULCH AS A MIN. 3-FOOT PERIMETER RING AROUND ALL

TREES. PROVIDE VERTICAL, SHOVEL-CUT NATURAL EDGE TO A DEPTH OF 4-INCHES.

L. SITE RESTORATION; PROVIDE THE FOLLOWING:

1. HYDRAULICALLY SEED AREAS DISTURBED BY CONSTRUCTION ACTIVITIES BY USING A BONDED FIBER

MATRIX WITH SUDAS TYPE 1 LAWN SEED MIX, UNLESS OTHERWISE NOTED. SEE SUDAS 9010.

COMMENT

COMMON NAME

SCIENTIFIC NAMEKEY INSTALLED SIZE
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PROPRIETARY TO EDF RENEWABLES
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STATED AND IS TO BE
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SYSTEM SUMMARY

AZIMUTH (°)

180

ARRAY TILT ANGLE (+/-°)

52

PITCH (FT/m)

15.35 / 4.679

GROUND COVERAGE RATIO (%)

42.85

MODULES PER TRACKER / RACK 78

MODULE WATTAGE (W)

340 400

QUANTITY OF MODULES 1560 8658

QUANTITY OF MODULES PER STRING 26

RATED DC POWER (kWDC)

3993.60

RATED AC POWER (kWAC)

3000

AREA WITHIN FENCE (ACRES)

14.71

LENGTH OF FENCE (FT)

3410

LEGEND

SYMBOL DESCRIPTION

PROPOSED GRAVEL DRIVEWAY

PROPOSED FENCE

PROPOSED MEDIUM VOLTAGE CIRCUIT

EXISTING OVERHEAD POWER LINES

FUTURE PROPERTY LINES

CONCRETE PAD

GRAVEL DRIVEWAY

MV MV MV MV

OE OE

PROPOSED 7 FT HIGH

PERIMETER SECURITY

FENCE, SEE NOTE 4

APPROXIMATE POINT OF

INTERCONNECTION AT

SUBSTATION

0 100 FT 200 FT

WEST YARD SETBACK

MIN 50 FT (≈ 67.1 FT)
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PROPOSED VEGETATIVE
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1

EQUIPMENT AREA PLAN VIEW

SCALE: 1 IN = 10 FT

NOTES:

1. SITE SPECIFIC FACTORS SUCH AS: PERIMETER SHADING,

PROPOSED PV EQUIPMENT, PROPOSED SITE

ARRANGEMENT AND UTILITY INTERCONNECTION

REQUIREMENTS COULD CHANGE THE SYSTEM CAPACITY

AND PROJECTED ENERGY PRODUCTION.

2. HORIZONTAL SINGLE AXIS TRACKERS SHOWN IN THIS

PLAN ARE 1V BY 78 MODULES. USING AN ALTERNATIVE

TRACKER E.G. 2V BY 52 MODULES WILL CHANGE THE

ARRANGEMENT SHOWN IN THIS PLAN.

3. DIMENSIONS SHOWN ARE APPROXIMATE AND MAY

CHANGE BASED ON FINAL EQUIPMENT SELECTIONS.

4. PERIMETER SECURITY FENCE IS COMPRISED OF 6 FT

WIDTH AGRICULTURAL KNOTTED WIRE FENCE FABRIC

TOPPED WITH 3 STRANDS OF BARBED WIRE FOR A TOTAL

HEIGHT OF 7 FT.

5. EQUIPMENT AREA PERIMETER FENCE IS COMPRISED OF 7

FT WIDTH BLACK VINYL COATED CHAIN LINK FENCE

FABRIC TOPPED WITH 3 STRANDS OF BARBED WIRE FOR A

TOTAL HEIGHT OF 8 FT.

6. THIS SITE PLAN DOES NOT ANTICIPATE THE NEED FOR

GRADING FOR THE PURPOSE OF LIMITING SAT SLOPE.

SAT SUPPLIER SELECTION MAY INDICATE THE NEED FOR

LIMITED SITE GRADING.

7. THIS SITE PLAN IS BASED ON SITE INFORMATION

PROVIDED  BY MIDAMERICAN ENERGY.

SINGLE AXIS

TRACKER

(TYPICAL)

12 FT BY 12 FT UTILITY

EQUIPMENT HOUSING

ON FOOTINGS

UTILITY FUSED MV

SWITCHGEAR ON 8 FT

BY 8 FT CONCRETE PAD

UTILITY 25 kVA AUXILIARY

POWER TRANSFORMER

ON 4 FT BY 4 FT

CONCRETE PAD

UTILITY METERING

CABINET ON 8 FT BY 8 FT

CONCRETE PAD

UNDERGROUND MV

CIRCUIT TO POINT OF

INTERCONNECTION,

600 FT TOTAL LENGTH

PROJECT STEP-UP

TRANSFORMER

PROJECT PAD MOUNTED

LV SWITCHBOARD AND

EQUIPMENT RACK

EQUIPMENT AREA

PERIMETER FENCE,

SEE NOTE 5

2

TRACKER ELEVATION

SCALE: 1 IN = 5 FT
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3	  
	  

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	  incentives1.	  

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	  
questions	  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	  buildings2,	  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.	  	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1	  For	  a	  comprehensive	  overview,	  start	  at	  http://masscec.com/index.cfm/page/Solar-‐PV/pid/12584	  
2	  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.	  
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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	  20143.	  	  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.	  

	  

	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
3	  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.	  
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End-‐of-‐Life/Decommissioning	  

Question:	  How	  do	  I	  manage	  solar	  panels	  after	  they	  are	  decommissioned	  and	  no	  longer	  in	  use?	  	  Can	  they	  
be	  recycled	  and	  do	  hazardous	  waste	  disposal	  requirements	  apply?	  

Bottom	  Line:	  As	  more	  solar	  panels	  are	  decommissioned	  interest	  in	  recycling	  the	  panels	  has	  increased	  in	  
Europe	  and	  the	  U.S.	  	  Massachusetts	  regulations	  ensure	  proper	  disposal	  and	  recycling	  of	  panels	  if	  they	  
have	  components	  that	  constitute	  solid	  or	  hazardous	  waste	  under	  state	  regulations.	  

More	  information:	  The	  average	  life	  of	  solar	  PV	  panels	  can	  be	  20-‐30	  years	  (or	  longer)	  after	  initial	  
installation.	  PV	  cells	  typically	  lose	  about	  0.5%	  of	  their	  energy	  production	  capacity	  per	  year.	  At	  the	  time	  
of	  decommissioning,	  panels	  may	  be	  reused,	  recycled	  or	  disposed.	  Since	  widespread	  use	  of	  solar	  PV	  is	  
recent	  in	  Massachusetts,	  only	  a	  small	  percentage	  of	  solar	  panels	  in	  use	  in	  the	  state	  have	  had	  to	  be	  
replaced	  due	  to	  damage	  or	  reached	  the	  end	  of	  their	  useful	  lifetime.	  A	  significant	  increase	  in	  the	  amount	  
of	  end-‐of-‐life	  PV	  modules	  is	  expected	  over	  the	  next	  few	  decades.	  

When	  solar	  panels	  are	  decommissioned	  and	  discarded,	  state	  rules	  require	  that	  panel	  disposal	  be	  
“properly	  managed”	  pursuant	  to	  the	  Massachusetts	  hazardous	  waste	  regulations,	  310	  CMR	  30.000.	  
There	  are	  many	  different	  types	  of	  solar	  panels	  used	  in	  ground-‐mounted	  or	  roof	  mounted	  solar	  PV	  
systems;	  some	  of	  these	  panels	  have	  components	  that	  may	  require	  special	  hazardous	  waste	  disposal	  or	  
recycling.	  Solar	  module	  manufacturers	  typically	  provide	  a	  list	  of	  materials	  used	  in	  the	  manufacturing	  of	  
their	  product,	  which	  may	  be	  used	  to	  determine	  the	  proper	  disposal	  requirements	  at	  the	  time	  of	  
decommissioning.	  	  Under	  the	  hazardous	  waste	  regulations,	  the	  burden	  is	  on	  the	  generator	  of	  the	  panels	  
to	  determine	  if	  the	  waste	  being	  generated	  (the	  solar	  panels)	  is	  hazardous	  or	  not.	  	  This	  determination	  can	  
be	  made	  using	  “knowledge”	  (i.e.	  an	  MSDS	  sheet	  listing	  the	  materials	  used	  in	  manufacture	  of	  the	  panels)	  
or	  testing	  (i.e.	  the	  Toxicity	  Characteristic	  Leaching	  Procedure	  –	  TCLP).	  	  	  

If	  a	  panel	  is	  tested	  and	  passes	  TCLP	  then	  it	  is	  regulated	  as	  a	  solid	  waste;	  if	  it	  fails	  TCLP	  then	  it	  is	  regulated	  
as	  a	  hazardous	  waste.	  

However,	  if	  the	  solar	  panel	  is	  determined	  to	  be	  hazardous	  due	  solely	  to	  the	  presence	  of	  metal-‐bearing	  
circuit	  boards,	  the	  panels	  may	  be	  conditionally	  exempt	  from	  the	  hazardous	  waste	  regulations	  if	  destined	  
for	  recycling.	  	  	  See	  310	  CMR	  30.202(5)(d)-‐(e)	  in	  the	  Mass.	  Hazardous	  Waste	  Regulations.4	  

People	  who	  lease	  land	  for	  solar	  projects	  are	  encouraged	  to	  include	  end-‐of-‐life	  panel	  management	  as	  
part	  of	  the	  lease.	  In	  cases	  where	  panels	  are	  purchased,	  owners	  need	  to	  determine	  whether	  the	  end-‐of	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
4	  (5)	  The	  following	  materials	  are	  not	  subject	  to	  310	  CMR	  30.200,	  or	  any	  other	  provision	  of	  310	  
CMR	  30.000:	  	  

(d)	  Whole	  used	  circuit	  boards	  being	  recycled	  provided	  they	  are	  free	  of	  mercury	  switches,	  
mercury	  relays,	  nickel-‐cadmium	  batteries,	  or	  lithium	  batteries.	  
(e)	  Shredded	  circuit	  boards	  being	  recycled	  provided	  that	  they	  are:	  

1.	  managed	  in	  containers	  sufficient	  to	  prevent	  a	  release	  to	  the	  environment	  prior	  to	  
recovery;	  and,	  
2.	  free	  of	  mercury	  switches,	  mercury	  relays	  and	  nickel-‐cadmium	  batteries	  and	  lithium	  
batteries.	  	  
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life	  panels	  are	  a	  solid	  or	  hazardous	  waste	  and	  dispose	  or	  recycle	  the	  panels	  appropriately.	  	  
Massachusetts	  regulations	  require	  testing	  of	  waste	  before	  disposal.	  

	  
Because	  of	  the	  various	  materials	  used	  to	  produce	  solar	  panels	  (such	  as	  metal	  and	  glass),	  interest	  in	  
recycling	  of	  solar	  modules	  has	  grown.	  Throughout	  Europe,	  a	  not-‐for-‐profit	  association	  (PV	  Cycle)	  is	  
managing	  a	  voluntary	  collection	  and	  recycling	  program	  for	  end-‐of-‐life	  PV	  modules.	  The	  American	  
photovoltaic	  industry	  is	  not	  required	  by	  state	  or	  federal	  regulation	  to	  recycle	  its	  products,	  but	  several	  
solar	  companies	  are	  starting	  to	  recycle	  on	  a	  voluntary	  basis.	  Some	  manufacturers	  are	  offering	  end-‐of-‐life	  
recycling	  options	  and	  independent	  companies	  looking	  to	  recycle	  solar	  modules	  are	  growing.	  This	  allows	  
for	  the	  recycling	  of	  the	  PV	  panels	  and	  prevents	  issues	  with	  the	  hazardous	  materials.	  Currently,	  the	  
California	  Department	  of	  Toxic	  Substances	  Control	  is	  considering	  standards	  for	  the	  management	  of	  solar	  
PV	  panels	  at	  the	  end	  of	  their	  use.	  

DOER’s	  model	  zoning	  provides	  language	  on	  requirements	  for	  abandonment	  and	  decommissioning	  of	  
solar	  panels	  for	  use	  by	  local	  officials	  considering	  local	  approvals	  for	  these	  projects.	  

Resources	  
	  
End-‐of-‐life	  PV:	  then	  what?	  -‐	  Recycling	  solar	  PV	  panels	  
http://www.renewableenergyfocus.com/view/3005/end-‐of-‐life-‐pv-‐then-‐what-‐recycling-‐solar-‐pv-‐panels/	  
	  
MassDEP	  Hazardous	  Waste	  Regulations	  310	  CMR	  30.000	  
http://www.mass.gov/eea/agencies/massdep/recycle/regulations/310-‐cmr-‐30-‐000.html	  
	  
PV	  Cycle,	  Europe:	  http://www.pvcycle.org/	  
	  
California	  Department	  of	  Toxic	  Substances	  Control,	  Proposed	  Standards	  for	  the	  Management	  of	  
Hazardous	  Waste	  Solar	  Modules,	  
http://www.dtsc.ca.gov/LawsRegsPolicies/Regs/Reg_Exempt_HW_Solar_Panels.cfm	  
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Ambient	  Temperature	  (“Heat	  Island”)	  	  

The	  Question:	  Does	  the	  presence	  of	  ground-‐mounted	  solar	  PV	  arrays	  cause	  higher	  ambient	  
temperatures	  in	  the	  surrounding	  neighborhood	  (i.e.,	  the	  “heat	  island”	  effect)?	  

Bottom	  Line:	  All	  available	  evidence	  indicates	  that	  there	  is	  no	  solar	  “heat	  island”	  effect	  caused	  by	  the	  
functioning	  of	  solar	  arrays.	  Cutting	  shade	  trees	  for	  solar	  PV	  might	  increase	  the	  need	  for	  cooling	  if	  those	  
trees	  were	  shading	  buildings.	  This	  is	  primarily	  a	  concern	  in	  town	  centers	  and	  residential	  areas	  (locations	  
where	  large	  ground-‐mounted	  PV	  is	  not	  encouraged)	  and	  is	  a	  potential	  impact	  of	  any	  development	  
activity	  that	  requires	  tree-‐cutting.	  

More	  Information:	  	  All	  available	  evidence	  indicates	  that	  there	  is	  no	  solar	  “heat	  island”	  effect	  caused	  by	  
the	  functioning	  of	  solar	  arrays.	  	  Solar	  panels	  absorb	  photons	  from	  direct	  sunlight	  and	  convert	  it	  to	  
electricity.	  This	  minimizes	  the	  likelihood	  of	  substantially	  changing	  temperatures	  at	  the	  site	  or	  the	  
surrounding	  neighborhood.	  For	  an	  area	  with	  no	  PV	  system,	  solar	  energy	  impacting	  the	  ground	  is	  either	  
reflected	  or	  absorbed.	  There	  is	  no	  research	  to	  support	  heat	  production	  from	  the	  solar	  panels	  
themselves.	  

Sunpower,	  a	  private	  solar	  manufacturer,	  conducted	  a	  study	  on	  the	  impact	  of	  solar	  PV	  on	  the	  local	  
temperature,	  and	  concluded	  that	  a	  solar	  PV	  array	  can	  absorb	  a	  higher	  percentage	  of	  heat	  than	  a	  
forested	  parcel	  of	  land	  without	  an	  array.	  The	  study	  points	  out	  that	  while	  solar	  PV	  modules	  can	  reach	  
high	  operating	  temperatures	  up	  to	  120	  degrees	  Fahrenheit,	  they	  are	  thin	  and	  lightweight	  and	  therefore	  
do	  not	  store	  a	  large	  amount	  of	  heat.	  Because	  of	  this,	  and	  the	  fact	  that	  panels	  are	  also	  shown	  to	  cool	  to	  
ambient	  air	  temperature	  shortly	  after	  the	  sun	  sets,	  the	  Sunpower	  study	  concludes	  that	  the	  area	  
surrounding	  a	  large-‐scale	  solar	  array	  is	  unlikely	  to	  experience	  a	  net	  heating	  change	  from	  the	  panels.	  

If	  trees	  are	  removed	  that	  were	  previously	  shading	  a	  building,	  that	  building	  could	  get	  warmer	  in	  full	  
sunshine	  than	  when	  the	  trees	  were	  shading	  it.	  	  The	  June	  1,	  2011	  tornado	  that	  ripped	  through	  Western	  
Massachusetts	  created	  an	  opportunity	  to	  empirically	  measure	  the	  effects	  of	  the	  loss	  of	  neighborhood	  
trees	  on	  temperatures	  and	  air	  humidity	  in	  the	  streets.	  A	  report	  by	  the	  U.S.	  Department	  of	  Agriculture	  
Forest	  Service	  concluded	  that	  daily	  mean	  morning	  and	  afternoon	  temperatures	  were	  typically	  greater	  in	  
the	  tornado-‐impacted	  neighborhood	  in	  Springfield,	  Massachusetts	  than	  in	  the	  unaffected	  neighborhood	  
and	  forest	  sites,	  but	  were	  similar	  at	  night.	  Residents	  noted	  increased	  use	  of	  air-‐conditioning	  units	  and	  an	  
overall	  increase	  in	  energy	  costs	  in	  July	  and	  August	  of	  2011.	  

Resources:	  

SUNPOWER,	  Impact	  of	  PV	  Systems	  on	  Local	  Temperature,	  July	  2010	  

USDA	  Forest	  Services	  report:	  http://www.regreenspringfield.com/wp-‐
content/uploads/2011/11/tornado%20climate%20report%203.pdf	  	  
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Electric	  and	  Magnetic	  Fields	  (EMF)	  

The	  Question:	  	  What,	  if	  any,	  health	  risks	  do	  the	  electric	  and	  magnetic	  fields	  (EMF)	  from	  solar	  panels	  and	  
other	  components	  of	  solar	  PV	  arrays	  pose?	  

Bottom	  Line:	  Electric	  and	  magnetic	  fields	  are	  a	  normal	  part	  of	  life	  in	  the	  modern	  world.	  PV	  arrays	  
generate	  EMF	  in	  the	  same	  extremely	  low	  frequency	  (ELF)	  range	  as	  electrical	  appliances	  and	  wiring	  found	  
in	  most	  homes	  and	  buildings.	  The	  average	  daily	  background	  exposure	  to	  magnetic	  fields	  is	  estimated	  to	  
be	  around	  one	  mG	  (milligauss	  –	  the	  unit	  used	  to	  measure	  magnetic	  field	  strength),	  but	  can	  vary	  
considerably	  depending	  on	  a	  person’s	  exposure	  to	  EMF	  from	  household	  electrical	  devices	  and	  wiring.	  
The	  lowest	  exposure	  level	  that	  has	  been	  potentially	  associated	  with	  a	  health	  effect	  is	  three	  mG.	  	  	  
Measurements	  at	  three	  commercial	  PV	  arrays	  in	  Massachusetts	  demonstrated	  that	  their	  contributions	  
to	  off-‐site	  EMF	  exposures	  were	  low	  (less	  than	  0.5	  mG	  at	  the	  site	  boundary),	  which	  is	  consistent	  with	  the	  
drop	  off	  of	  EMF	  strength	  based	  on	  distance	  from	  the	  source.	  	  	  

More	  Information:	  	  Solar	  PV	  panels,	  inverters	  and	  other	  components	  that	  make	  up	  solar	  PV	  arrays	  
produce	  extremely	  low	  frequency	  EMF	  when	  generating	  and	  transmitting	  electricity.	  The	  extremely	  low	  
frequency	  EMF	  from	  PV	  arrays	  is	  the	  same	  as	  the	  EMF	  people	  are	  exposed	  to	  from	  household	  electrical	  
appliances,	  wiring	  in	  buildings,	  and	  power	  transmission	  lines	  (all	  at	  the	  power	  frequency	  of	  60	  hertz).	  
EMF	  produced	  by	  cell	  phones,	  radios	  and	  microwaves	  is	  at	  much	  higher	  frequencies	  (30,000	  hertz	  and	  
above).	  

Electric	  fields	  are	  present	  when	  a	  device	  is	  connected	  to	  a	  power	  source,	  but	  are	  shielded	  or	  blocked	  by	  
common	  materials,	  resulting	  in	  low	  potential	  for	  exposures.	  On	  the	  other	  hand,	  magnetic	  fields,	  which	  
are	  only	  generated	  when	  a	  device	  is	  turned	  on,	  are	  not	  easily	  shielded	  and	  pass	  through	  most	  objects,	  
resulting	  in	  greater	  potential	  for	  exposure.	  Both	  types	  of	  fields	  are	  strongest	  at	  the	  source	  and	  their	  
strength	  decreases	  rapidly	  as	  the	  distance	  from	  the	  source	  increases.	  For	  example,	  the	  magnetic	  field	  
from	  a	  vacuum	  cleaner	  six	  inches	  away	  from	  the	  motor	  is	  300	  mG	  and	  decreases	  to	  two	  mG	  three	  feet	  
away.	  People	  are	  exposed	  to	  EMF	  during	  normal	  use	  of	  electricity	  and	  exposure	  varies	  greatly	  over	  time,	  
depending	  on	  the	  distance	  to	  various	  household	  appliances	  and	  the	  length	  of	  time	  they	  are	  on.	  The	  daily	  
average	  background	  level	  of	  magnetic	  fields	  for	  US	  residents	  is	  one	  mG.	  

EMF	  from	  PV	  Arrays:	  Solar	  PV	  panels	  produce	  low	  levels	  of	  extremely	  low	  frequency	  (ELF)	  EMF,	  with	  
measured	  field	  strengths	  of	  less	  than	  one	  mG	  three	  inches	  from	  the	  panel.	  Solar	  PV	  power	  inverters,	  
transformers	  and	  conduits	  generate	  higher	  levels	  of	  ELF-‐EMF.	  The	  amount	  of	  ELF-‐EMF	  is	  proportional	  to	  
the	  electrical	  capacity	  of	  the	  inverter	  and	  is	  greater	  when	  more	  current	  (electricity)	  is	  flowing	  through	  a	  
power	  line.	  	  	  

In	  a	  study	  of	  two	  PV	  arrays	  (using	  10-‐20	  kW	  invertors)	  in	  Kerman	  and	  Davis,	  California,	  the	  magnetic	  field	  
was	  highest	  at	  the	  inverters	  and	  transformers,	  but	  decreased	  rapidly	  to	  less	  than	  one	  mG	  within	  50	  feet	  
of	  the	  units,	  well	  within	  the	  boundary	  of	  the	  PV	  array	  (Chang	  and	  Jennings	  1994).	  This	  data	  indicates	  
that	  extremely	  low	  frequency	  EMF	  field	  strengths	  at	  residences	  near	  systems	  of	  this	  size	  would	  be	  below	  
the	  typical	  levels	  experienced	  by	  most	  people	  at	  home.	  The	  highest	  extremely	  low	  frequency	  EMF	  (up	  to	  
1,050	  mG)	  was	  found	  next	  to	  an	  inverter	  unit	  at	  the	  point	  of	  entry	  of	  the	  electrical	  conduits.	  Even	  this	  
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value	  is	  less	  than	  the	  extremely	  low	  frequency	  EMF	  reported	  for	  some	  common	  household	  devices	  such	  
as	  an	  electric	  can	  opener	  with	  a	  maximum	  of	  1500	  mG	  at	  6	  inches.	  	  	  

In	  a	  recent	  study	  of	  three	  ground	  mounted	  PV	  arrays	  in	  Massachusetts,	  the	  above	  results	  were	  
confirmed.	  	  The	  PV	  arrays	  had	  a	  capacity	  range	  of	  1	  to	  3.5	  MW.	  	  Magnetic	  field	  levels	  along	  the	  PV	  array	  
site	  boundary	  were	  in	  the	  very	  low	  range	  of	  0.2	  to	  0.4	  mG.	  	  Magnetic	  fields	  at	  3	  to	  7	  feet	  from	  the	  
inverters	  ranged	  from	  500	  to	  150	  mG.	  	  At	  a	  distance	  of	  150	  feet	  from	  the	  inverters,	  these	  fields	  dropped	  
back	  to	  very	  low	  levels	  of	  0.5	  mG	  or	  less,	  and	  in	  many	  cases	  to	  much	  less	  than	  background	  levels	  (0.2	  
mG).	  

Potential	  Health	  Effects:	  	  Four	  research	  studies	  have	  reported	  an	  association	  between	  three	  to	  four	  mG	  
EMF	  exposure	  and	  childhood	  leukemia,	  while	  11	  other	  studies	  have	  not.	  These	  studies	  are	  inconsistent	  
and	  do	  not	  demonstrate	  a	  causal	  link	  that	  would	  trigger	  a	  World	  Health	  Organization	  (WHO)	  designation	  
of	  EMF	  as	  a	  possible	  carcinogen5.	  Studies	  looking	  at	  other	  cancers	  in	  humans	  and	  animals	  have	  not	  
found	  evidence	  of	  a	  link	  to	  residential	  ELF-‐EMF	  exposure.	  	  	  

Reference	  Exposure	  Levels:	  To	  protect	  the	  general	  public	  from	  health	  effects	  from	  short-‐term	  high	  level	  
magnetic	  fields,	  the	  International	  Commission	  on	  Non-‐Ionizing	  Radiation	  Protection	  (ICNIRP,	  2010)	  
advised	  an	  exposure	  limit	  for	  extremely	  low	  frequency	  magnetic	  fields	  at	  2000	  mG.	  ICNIRP	  determined	  
that	  the	  evidence	  on	  the	  impact	  of	  long-‐term	  exposure	  to	  low	  level	  magnetic	  fields	  was	  too	  uncertain	  to	  
use	  to	  set	  a	  guideline.	  Guidelines	  for	  the	  magnetic	  field	  allowed	  at	  the	  edge	  of	  transmission	  line	  right-‐of-‐
ways	  have	  been	  set	  at	  200	  mG	  by	  Florida	  and	  New	  York.	  Exposure	  to	  magnetic	  fields	  greater	  than	  1000	  
mG	  is	  not	  recommended	  for	  people	  with	  pacemakers	  or	  defibrillators	  (ACGIH,	  2001).	  	  

Resources:	  

American	  Conference	  of	  Government	  Industrial	  Hygienist	  (ACGIH).	  2001.	  as	  cited	  in	  NIEHS	  2002.	  

Chang,	  GJ	  and	  Jennings,	  C.	  1994.	  Magnetic	  field	  survey	  at	  PG&E	  photovoltaic	  sites.	  PG&E	  R&D	  Report	  
007.5-‐94-‐6.	  	  	  

Electric	  Power	  Research	  Institute	  (EPRI).	  2012.	  EMF	  and	  your	  health.	  
http://my.epri.com/portal/server.pt?Abstract_id=000000000001023105.	  	  

International	  Commission	  on	  Non-‐Ionizing	  Radiation	  Protection	  (ICNIRP).	  2010.	  ICNIRP	  Guidelines	  for	  
limiting	  exposure	  to	  time-‐varying	  electric	  and	  magnetic	  fields	  (1	  Hz	  –	  100kHz).	  Health	  Physics	  99(6):818-‐
836.	  

National	  Cancer	  Institute	  (NCI).	  2005.	  Magnetic	  Field	  Exposure	  and	  Cancer:	  Questions	  and	  Answers.	  	  U.S.	  
Department	  of	  Health	  and	  Human	  Services,	  National	  Institutes	  of	  Health.	  Available	  
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5	  WHO	  has	  designated	  ELF-‐EMF	  as	  a	  possible	  carcinogen.	  The	  use	  of	  the	  label	  “possible	  carcinogen”	  indicates	  that	  
there	  is	  not	  enough	  evidence	  to	  designate	  ELF-‐EMF	  as	  a	  “probable	  carcinogen	  “or	  “human	  carcinogen,”	  the	  two	  
indicators	  of	  higher	  potential	  for	  being	  carcinogenic	  in	  humans.	  

	  

66



12	  
	  

National	  Institute	  of	  Environmental	  Health	  Science	  (NIEHS)	  2002.	  Electric	  and	  Magnetic	  Fields	  Associated	  
with	  the	  Use	  of	  Electric	  Power:	  Questions	  and	  Answers.	  Available	  
http://www.niehs.nih.gov/health/assets/docs_p_z/results_of_emf_research_emf_questions_answers_b
ooklet.pdf,	  accessed	  May	  11,	  2012.	  

National	  Institute	  of	  Environmental	  Health	  Science	  (NIEHS)	  web	  page	  on	  EMF.	  Available	  
http://www.niehs.nih.gov/health/topics/agents/emf/,	  accessed	  May	  11,	  2012.	  

Oregon	  Department	  of	  Transportation	  (Oregon	  DOT).	  Scaling	  public	  concerns	  of	  electromagnetic	  fields	  
produced	  by	  solar	  photovoltaic	  arrays.	  Produced	  by	  Good	  Company	  for	  ODOT	  for	  the	  West	  Linn	  Solar	  
Highway	  Project.	  Available	  www.oregon.gov/ODOT/HWY/OIPP/docs/emfconcerns.pdf.	  

World	  Health	  Organization	  (WHO).	  2007.	  Electromagnetic	  fields	  and	  public	  health:	  Exposure	  to	  
extremely	  low	  frequency	  fields.	  Fact	  sheet	  N°322.	  June	  2007.	  Available	  
http://www.who.int/mediacentre/factsheets/fs322/en/index.html,	  accessed	  May	  16,	  2012.	  This	  fact	  
sheet	  provides	  a	  short	  summary	  of	  the	  in-‐depth	  review	  documented	  in	  the	  WHO	  2007,	  Environmental	  
Health	  Criteria	  238.	  Available	  http://www.who.int/peh-‐emf/publications/elf_ehc/en/index.html.	  

67



13	  
	  

Property	  Values	  

Question:	  How	  do	  ground-‐mounted	  solar	  PV	  arrays	  adjacent	  to	  residential	  neighborhoods	  influence	  the	  
property	  values	  in	  those	  neighborhoods?	  

Bottom	  Line:	  No	  research	  was	  found	  specific	  to	  ground-‐mounted	  solar	  PV	  and	  property	  values.	  	  
Residential	  property	  value	  research	  on	  roof-‐mounted	  solar	  PV	  and	  wind	  turbines	  illustrates	  no	  evidence	  
of	  devaluation	  of	  homes	  in	  the	  area.	  Municipalities	  that	  adopt	  zoning	  for	  solar	  facilities	  may	  want	  to	  
consider	  encouraging	  project	  developers	  to	  include	  screening	  vegetation	  along	  site	  borders	  to	  minimize	  
visual	  impacts	  on	  surrounding	  neighborhoods.	  

More	  Information:	  A	  review	  of	  literature	  nationwide	  shows	  little	  evidence	  that	  solar	  arrays	  influence	  
nearby	  property	  values.	  An	  analysis	  focused	  on	  roof-‐mounted	  solar	  PV	  done	  by	  the	  U.S.	  Department	  of	  
Energy	  Lawrence	  Berkeley	  National	  Laboratory	  concludes	  that	  household	  solar	  installation	  actually	  
increases	  home	  property	  values.	  This	  research	  analyzes	  a	  large	  dataset	  of	  California	  homes	  that	  sold	  
from	  2000	  through	  mid-‐2009	  with	  PV	  installed.	  Across	  a	  large	  number	  of	  repeat	  sales	  model	  
specifications	  and	  robustness	  tests,	  the	  analysis	  finds	  strong	  evidence	  that	  California	  homes	  with	  PV	  
systems	  have	  sold	  for	  a	  premium	  over	  comparable	  homes	  without	  PV	  systems.	  	  

Resources:	  

An	  Analysis	  of	  the	  Effects	  of	  Residential	  Photovoltaic	  Energy	  Systems	  on	  Home	  Sales	  Prices	  in	  California	  
http://emp.lbl.gov/sites/all/files/lbnl-‐4476e.pdf	  
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Public	  Safety	  (including	  fires)	  

Question:	  What	  public	  safety	  issues	  arise	  from	  people’s	  (including	  children)	  access	  to	  areas	  where	  solar	  
arrays	  are	  installed?	  	  Can	  electrical	  and	  other	  equipment	  associated	  with	  solar	  projects	  cause	  electrical	  
fires?	  

Bottom	  Line:	  Large-‐scale	  ground-‐mounted	  arrays	  are	  typically	  enclosed	  by	  fencing.	  This	  prevents	  
children	  and	  the	  general	  public	  from	  coming	  into	  contact	  with	  the	  installations,	  thus	  preventing	  unsafe	  
situations.	  The	  National	  Electric	  Code	  has	  mandatory	  requirements	  to	  promote	  the	  electrical	  safety	  of	  
solar	  PV	  arrays.	  Emergency	  personnel	  responding	  to	  potential	  emergencies	  at	  a	  solar	  PV	  site	  face	  the	  
most	  risk,	  but	  the	  solar	  industry	  and	  firefighters	  provide	  training	  and	  education	  for	  emergency	  
personnel	  to	  ensure	  that	  the	  proper	  safety	  precautions	  are	  taken.	  	  	  

More	  Information:	  The	  National	  Electric	  Code	  has	  mandatory	  requirements	  for	  the	  electrical	  safety	  of	  
solar	  PV	  arrays.	  	  To	  protect	  against	  intruders,	  Article	  690	  of	  the	  National	  Electric	  Code	  covers	  the	  safety	  
standards	  for	  solar	  PV	  installation	  and	  requires	  that	  conductors	  installed	  as	  part	  of	  solar	  PV	  be	  “not	  
readily	  accessible”.	  With	  a	  large-‐scale	  ground-‐mounted	  array,	  a	  fence	  is	  typically	  installed	  around	  the	  
system	  to	  prevent	  intruders.	  Some	  communities	  have	  solar	  PV	  or	  signage	  by-‐laws	  that	  require	  
identification	  of	  the	  system	  owner	  and	  24-‐hour	  emergency	  contact	  information.	  	  

DOER’s	  Model	  by-‐Law/ordinance	  requires	  owners	  of	  solar	  PV	  facilities	  to	  provide	  a	  copy	  of	  the	  project	  
summary,	  electrical	  schematic,	  and	  site	  plan	  to	  the	  local	  fire	  chief,	  who	  can	  then	  work	  with	  the	  owner	  
and	  local	  emergency	  services	  to	  develop	  an	  emergency	  response	  plan.	  

These	  measures	  can	  be	  combined	  with	  products	  to	  prevent	  theft	  of	  the	  panels.	  	  Some	  are	  very	  low	  cost	  
options	  (fastener	  type)	  while	  there	  are	  other	  options	  that	  are	  more	  expensive	  (alarm	  system	  type)	  but	  
also	  more	  effective.	  	  The	  biggest	  potential	  risk	  associated	  with	  solar	  PV	  systems	  is	  the	  risk	  of	  shock	  or	  
electrocution	  for	  firefighters	  and	  other	  emergency	  responders	  who	  could	  come	  in	  contact	  with	  high	  
voltage	  conductors.	  	  A	  2010	  study	  on	  firefighter	  safety	  and	  emergency	  response	  for	  solar	  PV	  systems	  by	  
the	  Fire	  Protection	  Research	  Foundation,	  based	  in	  Quincy,	  Massachusetts,	  recommended	  steps	  
firefighters	  can	  take	  when	  dealing	  with	  wiring	  and	  other	  components	  that	  may	  be	  energized.	  	  The	  Solar	  
Energy	  Business	  Association	  of	  New	  England	  (SEBANE)	  has	  been	  working	  to	  provide	  training	  and	  
education	  to	  first-‐responders	  to	  identify	  and	  avoid	  potential	  hazards	  when	  responding	  to	  a	  solar	  PV	  fire.	  	  	  

For	  more	  information	  about	  toxics/fires,	  see	  the	  Hazardous	  Materials	  Section.	  

Resources:	  

Moskowitz,	  P.D.	  and	  Fthenakis,	  V.M.,	  Toxic	  Materials	  Released	  from	  Photovoltaic	  Modules	  During	  Fires:	  
Health	  Risks,	  Solar	  Cells,	  29,	  63-‐71,	  1990.	  21.	  	  	  

Solar	  America	  Board	  for	  Codes	  and	  Standards	  
http://www.solarabcs.org/about/publications/reports/blindspot/pdfs/BlindSpot.pdf	  
	  
Fire	  Fighter	  Safety	  and	  Emergency	  Response	  for	  Solar	  Power	  Systems:	  Final	  Report,	  May	  2010.	  	  Prepared	  
by	  The	  Fire	  Protection	  Research	  Foundation	  
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National	  Electric	  Code	  Article	  250:	  Grounding	  and	  Bonding,	  Article	  300:	  Wiring	  Methods,	  Article	  690	  
Solar	  PV	  Systems,	  Article	  705	  Interconnected	  Electric	  Power	  Production	  Sources	  
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Historic	  Preservation	  

The	  Question:	  	  What	  are	  the	  appropriate	  standards	  when	  land	  with	  historical	  or	  archaeological	  
significance	  is	  developed	  for	  large-‐scale	  solar	  PV	  arrays?	  

Bottom	  Line:	  Parties	  undertaking	  solar	  PV	  projects	  with	  state	  or	  federal	  agency	  involvement	  must	  
provide	  the	  Massachusetts	  Historical	  Commission	  (MHC)	  with	  complete	  project	  information	  as	  early	  as	  
possible	  in	  the	  planning	  stage,	  by	  mail	  to	  the	  MHC’s	  office	  (see	  Resources).	  Parties	  should	  also	  contact	  
local	  planning,	  historical	  or	  historic	  district	  commissions	  to	  learn	  about	  any	  required	  local	  approvals.	  	  
Municipalities	  should	  also	  take	  the	  presence	  of	  historic	  resources	  into	  account	  when	  establishing	  zoning	  
regulations	  for	  solar	  energy	  facilities	  in	  order	  to	  avoid	  or	  minimize	  impacts.	  

More	  Information:	  Land	  being	  evaluated	  for	  the	  siting	  of	  large-‐scale	  solar	  PV	  has	  historical	  or	  
archaeological	  significance	  including	  properties	  listed	  in	  the	  National	  or	  State	  Registers	  of	  Historic	  Places	  
and/or	  the	  Inventory	  of	  Historic	  and	  Archaeological	  Assets	  of	  the	  Commonwealth.	  	  	  

Federal	  and	  state	  laws	  require	  that	  any	  new	  construction,	  demolition	  or	  rehabilitation	  projects	  
(including	  new	  construction	  of	  solar	  PV)	  that	  propose	  to	  use	  funding,	  licenses	  or	  permits	  from	  federal	  or	  
state	  government	  agencies	  must	  be	  reviewed	  by	  the	  MHC	  so	  that	  feasible	  alternatives	  are	  developed	  
and	  implemented	  to	  avoid	  or	  mitigate	  any	  adverse	  effects	  to	  historic	  and	  archaeological	  properties.	  
Projects	  receiving	  federal	  funding,	  licenses	  or	  permits	  are	  reviewed	  by	  the	  involved	  federal	  agency	  in	  
consultation	  with	  the	  MHC	  and	  other	  parties	  in	  compliance	  with	  Section	  106	  of	  the	  National	  Historic	  
Preservation	  Act	  of	  1966	  (16	  U.S.C.	  470f)	  and	  the	  implementing	  regulations	  (36	  CFR	  800)	  in	  order	  to	  
reach	  agreement	  to	  resolve	  any	  adverse	  effects.	  Projects	  receiving	  state	  funding,	  licenses	  or	  permits	  
must	  notify	  the	  MHC	  in	  compliance	  with	  M.G.L.	  c.	  9,	  ss.	  26-‐27C	  and	  the	  implementing	  regulations	  950	  
CMR	  71.	  If	  the	  MHC	  determines	  that	  the	  project	  will	  have	  an	  adverse	  effect,	  the	  involved	  state	  agency,	  
the	  project	  proponent,	  the	  local	  historical	  preservation	  agencies,	  and	  other	  interested	  parties	  consult	  to	  
reach	  an	  agreement	  that	  outlines	  measures	  to	  be	  implemented	  to	  avoid,	  minimize,	  or	  mitigate	  adverse	  
effects.	  For	  projects	  with	  both	  federal	  and	  state	  agency	  involvement,	  the	  Section	  106	  process	  is	  used.	  	  

Some	  communities	  have	  local	  preservation	  ordinances	  or	  established	  local	  historic	  districts	  that	  require	  
local	  approval	  for	  new	  construction	  visible	  from	  a	  public	  way.	  Local	  historic	  district	  commissions	  have	  
adopted	  design	  guidelines	  for	  new	  construction	  within	  their	  historic	  districts	  and	  historic	  
neighborhoods.	  	  However,	  these	  guidelines	  must	  account	  for	  Chapter	  40C	  Section	  7	  of	  the	  General	  Laws,	  
which	  requires	  a	  historic	  district	  commission	  to	  consider	  the	  policy	  of	  the	  Commonwealth	  to	  encourage	  
the	  use	  of	  solar	  energy	  systems	  and	  to	  protect	  solar	  access.	  

Resources:	  

Federal	  Agency	  Assisted	  Projects:	  

Section	  106	  review	  information	  and	  the	  federal	  regulations	  36	  CFR	  800	  are	  available	  at	  the	  Advisory	  
Council	  on	  Historic	  Preservation	  (ACHP)	  web	  site:	  www.achp.gov.	  Check	  with	  the	  involved	  federal	  
agency	  for	  how	  they	  propose	  to	  initiate	  the	  MHC	  notification	  required	  by	  36	  CFR	  800.3.	  	  

State	  Agency	  Assisted	  Projects:	  
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Massachusetts	  General	  Laws	  Chapter	  9,	  sections	  26-‐27C	  

MHC	  Regulations	  950	  CMR	  71	  (available	  from	  the	  State	  House	  Bookstore)	  	  	  

MHC	  Review	  &	  Compliance	  FAQs	  http://www.sec.state.ma.us/mhc/mhcrevcom/revcomidx.htm	  

MHC	  Project	  Notification	  Form	  (PNF)	  &	  Guidance	  for	  Completing	  the	  PNF	  and	  required	  attachments	  
(USGS	  locus	  map,	  project	  plans,	  current	  photographs	  keyed	  to	  the	  plan).	  Mail	  or	  deliver	  the	  complete	  
project	  information	  to	  the	  MHC’s	  office:	  	  http://www.sec.state.ma.us/mhc/mhcform/formidx.htm	  

General	  Guidance	  about	  Designing	  Solar	  PV	  Projects	  on	  Historic	  Buildings	  and	  in	  Historic	  Areas:	  
http://www.nrel.gov/docs/fy11osti/51297.pdf	  
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Noise	  

Question:	  Do	  the	  inverters,	  transformers	  or	  other	  equipment	  used	  as	  part	  of	  ground-‐mounted	  solar	  PV	  
create	  noise	  that	  will	  impact	  the	  surrounding	  neighborhood?	  

Bottom	  Line:	  Ground-‐mounted	  solar	  PV	  array	  inverters	  and	  transformers	  make	  a	  humming	  noise	  during	  
daytime,	  when	  the	  array	  generates	  electricity.	  	  At	  50	  to	  150	  feet	  from	  the	  boundary	  of	  the	  arrays,	  any	  
sound	  from	  the	  inverters	  is	  inaudible.	  	  Parties	  that	  are	  planning	  and	  designing	  ground-‐mounted	  solar	  PV	  
should	  explore	  options	  to	  minimize	  noise	  impacts	  to	  surrounding	  areas.	  This	  could	  include	  conducting	  
pre-‐construction	  sound	  studies,	  evaluating	  where	  to	  place	  transformers,	  and	  undertaking	  appropriate	  
noise	  mitigation	  measures.	  	  	  

More	  Information:	  Most	  typically,	  the	  source	  of	  noise	  associated	  with	  ground-‐mounted	  solar	  PV	  comes	  
from	  inverters	  and	  transformers.	  There	  also	  may	  be	  some	  minimal	  noise	  from	  switching	  gear	  associated	  
with	  power	  substations.	  	  The	  crackling	  or	  hissing	  sound	  caused	  by	  high-‐voltage	  transmission	  lines	  (the	  
“Corona	  Effect”)	  is	  not	  a	  concern	  in	  the	  case	  of	  solar	  PV,	  which	  uses	  lower	  voltage	  lines.	  

Parties	  siting	  ground-‐mounted	  solar	  PV	  projects	  should	  consult	  equipment	  manufacturers	  to	  obtain	  
information	  about	  sound	  that	  can	  be	  expected	  from	  electrical	  equipment,	  since	  this	  can	  vary.	  For	  
example,	  according	  to	  manufacturer’s	  information,	  a	  SatCon	  Powergate	  Plus	  1	  MW	  Commercial	  Solar	  PV	  
Inverter	  has	  an	  unshielded	  noise	  rating	  of	  65	  decibels	  (dBA)	  at	  five	  feet.	  This	  is	  approximately	  the	  sound	  
equivalent	  of	  having	  a	  normal	  conversation	  with	  someone	  three	  feet	  away.	  Another	  source	  of	  
information	  is	  the	  National	  Electrical	  Manufacturers	  Association	  (NEMA)	  standards,	  which	  will	  provide	  
maximum	  sound	  levels	  from	  various	  equipment	  arrays.	  	  From	  NEMA,	  a	  large	  dry-‐type	  transformer	  
(2001-‐3333	  kVA)	  that	  is	  forced	  air	  cooled	  and	  ventilated	  has	  an	  average	  sound	  level	  of	  71	  dBA,	  which	  is	  
approximately	  the	  sound	  level	  one	  would	  expect	  from	  a	  vacuum	  cleaner	  at	  ten	  feet.	  There	  may	  be	  
several	  such	  units	  on	  a	  substantially	  sized	  PV	  site,	  which	  would	  increase	  the	  sound	  level	  to	  some	  degree.	  	  

Sound	  impacts	  from	  electrical	  equipment	  can	  be	  modeled	  to	  the	  property	  line	  or	  nearest	  sensitive	  
receptor	  (residence).	  Sound	  impacts	  can	  be	  mitigated	  with	  the	  use	  of	  enclosures,	  shielding	  and	  careful	  
placement	  of	  the	  sound-‐generating	  equipment	  on-‐site.	  The	  rule	  of	  thumb	  for	  siting	  noise-‐generating	  
equipment	  is	  that	  the	  sound	  impact	  can	  be	  reduced	  by	  half	  by	  doubling	  the	  distance	  to	  the	  receptor.	  

In	  some	  areas	  both	  in	  the	  US	  and	  Canada,	  sound	  impact	  analysis	  is	  required	  as	  part	  of	  the	  permitting	  
process	  for	  large	  PV	  systems.	  For	  example,	  in	  the	  Province	  of	  Ontario,	  Canada,	  any	  project	  greater	  than	  
12	  MW	  is	  required	  to	  perform	  a	  sound	  impact	  analysis	  (Ontario	  359/09).	  California	  also	  requires	  a	  sound	  
impact	  analysis	  for	  large	  PV	  projects.	  Massachusetts	  currently	  has	  no	  such	  requirement,	  but	  the	  reader	  
should	  note	  that	  ground-‐mounted	  systems	  in	  Massachusetts	  very	  rarely	  go	  over	  6	  MW,	  which	  is	  half	  the	  
size	  of	  the	  12	  MW	  that	  triggers	  a	  sound	  analysis	  in	  Ontario.	  

A	  recent	  study	  measured	  noise	  levels	  at	  set	  distances	  from	  the	  inverters	  and	  from	  the	  outer	  boundary	  of	  
three	  ground-‐mounted	  PV	  arrays	  in	  Massachusetts	  with	  a	  capacity	  range	  of	  1	  to	  3.5	  MW.	  	  Close	  to	  the	  
inverters	  (10	  feet),	  sound	  levels	  varied	  from	  an	  average	  of	  55	  dBA	  to	  65	  dBA.	  	  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	  and	  
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sound	  levels	  were	  at	  background	  levels	  at	  setback	  distances	  of	  50	  to	  150	  feet	  from	  the	  boundary.	  	  
Project	  developers	  should	  consult	  with	  local	  planning	  and	  zoning	  officials	  to	  determine	  if	  local	  noise	  
ordinances	  may	  be	  applicable.	  Many	  local	  noise	  ordinances	  establish	  absolute	  limits	  on	  project	  impact	  
noise	  (such	  as	  a	  40	  dBA	  nighttime	  limit).	  In	  these	  communities,	  a	  noise	  impact	  assessment	  may	  be	  
required.	  	  

Resources:	  	  	  

NEMA	  Standards	  Publication	  No.	  TR=1-‐1993(R2000),	  Transformers,	  Regulators	  and	  Reactors	  

Noise	  Assessment:	  Borrego	  1	  Solar	  Project,	  MUP	  3300-‐10-‐26	  Prepared	  by	  Ldn	  Consulting,	  Inc,	  Fallbrook,	  
CA.	  January	  14,	  2011	  

Ontario	  Regulation	  359/09	  Renewable	  Energy	  Approval	  (REA)	  Regulation,	  Ontario	  Ministry	  of	  the	  
Environment,	  Canada	  http://www.ontario.ca/environment-‐and-‐energy/renewable-‐energy-‐approvals	  

Tech	  Environmental,	  Study	  of	  Acoustic	  and	  EMF	  levels	  from	  Solar	  Photovoltaic	  Projects,	  Prepared	  for	  the	  
Massachusetts	  Clean	  Energy	  Center,	  December	  2012,	  
http://images.masscec.com/uploads/attachments/Create%20Basic%20page/Study_of_Acoustic_and_E
MF_Levels_from_Solar_Photovoltaic_Projects.pdf	  
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Water-‐Related	  Impacts	  	  

Question:	  Can	  chemicals	  that	  might	  be	  contained	  in	  solar	  PV	  threaten	  public	  drinking	  water	  systems?	  	  
Will	  flooding	  occur	  in	  cases	  where	  trees	  must	  be	  removed	  in	  order	  to	  install	  the	  solar	  arrays?	  How	  do	  we	  
ensure	  that	  wetland	  resources	  are	  protected?	  

Bottom	  Line:	  Rules	  are	  in	  place	  to	  ensure	  that	  ground-‐mounted	  solar	  arrays	  are	  installed	  in	  a	  ways	  that	  
protect	  public	  water	  supplies,	  wetlands,	  and	  other	  water	  resource	  areas.	  	  All	  solar	  panels	  are	  contained	  
in	  a	  solid	  matrix,	  are	  insoluble	  and	  are	  enclosed.	  	  Therefore,	  releases	  are	  not	  a	  concern.	  

More	  Information:	  	  Because	  trees	  offer	  multiple	  water	  management,	  cooling	  and	  climate	  benefits,	  
clear-‐cutting	  of	  trees	  for	  the	  installation	  of	  ground-‐mounted	  solar	  PV	  is	  discouraged.	  For	  projects	  that	  do	  
propose	  to	  alter	  trees,	  the	  Massachusetts	  Environmental	  Policy	  Act	  (MEPA)	  has	  thresholds	  for	  the	  
proposed	  alteration	  of	  a	  certain	  number	  of	  acres	  of	  land,	  the	  size	  of	  electrical	  facilities,	  and	  other	  criteria	  
that	  trigger	  state	  review	  of	  proposed	  projects.	  	  Clear	  cutting	  of	  trees	  and	  other	  aspects	  of	  proposed	  
projects	  would	  be	  reviewed	  through	  an	  Environmental	  Notification	  Form/Environmental	  Impact	  
Statement	  if	  thresholds	  are	  triggered.	  More	  information	  is	  available	  at:	  	  

MassDEP	  has	  determined	  that	  the	  installation	  of	  solar	  arrays	  can	  be	  compatible	  with	  the	  operation	  and	  
protection	  of	  public	  drinking	  water	  systems.	  This	  includes	  the	  installation	  of	  solar	  arrays	  within	  the	  Zone	  
I,	  which	  is	  a	  400-‐foot	  protective	  radius	  around	  a	  public	  ground	  water	  well.	  Solar	  projects	  proposed	  on	  
lands	  owned	  by	  public	  water	  systems	  outside	  the	  Zone	  I	  may	  be	  approved	  subject	  to	  standard	  best	  
management	  practices,	  such	  as	  the	  proper	  labeling,	  storage,	  use,	  and	  disposal	  of	  products.	  MassDEP	  has	  
a	  guidance/review	  process	  in	  place	  to	  ensure	  that	  the	  installation	  of	  ground-‐mounted	  solar	  PV	  in	  these	  
areas	  protects	  public	  water	  supplies.	  

Installing	  solar	  arrays	  on	  undeveloped	  land	  can	  preserve	  the	  permeable	  nature	  of	  the	  land	  surface	  
provided	  the	  project	  design	  minimizes	  disturbance	  to	  natural	  vegetative	  cover,	  avoids	  concentrated	  
runoff,	  and	  precipitation	  is	  otherwise	  recharged	  into	  the	  ground	  to	  the	  greatest	  extent	  practicable.	  	  
Storm	  water	  flow,	  as	  well	  as	  information	  about	  site-‐specific	  soils	  and	  slope,	  is	  taken	  into	  account	  during	  
the	  design	  and	  installation	  of	  solar	  arrays.	  	  	  	  	  

MassDEP	  discourages	  installation	  of	  ground-‐mounted	  solar	  PV	  systems	  in	  wetland	  areas,	  including	  
riverfront	  locations.	  Solar	  projects	  within	  wetland	  areas	  are	  unlikely	  to	  comply	  with	  the	  performance	  
standards	  in	  the	  Wetlands	  Protection	  Act	  regulations.	  If	  a	  solar	  installation	  is	  proposed	  in	  a	  wetland,	  a	  
riverfront	  area,	  a	  floodplain,	  or	  within	  100	  feet	  of	  certain	  wetlands,	  the	  project	  proponent	  must	  file	  a	  
notice	  of	  intent	  (or	  application	  to	  work	  in	  wetland	  areas)	  with	  the	  local	  Conservation	  Commission,	  which	  
administers	  the	  Wetlands	  Protection	  Act	  at	  the	  municipal	  level.	  Copies	  should	  also	  go	  to	  MassDEP.	  Solar	  
installations	  may	  be	  sited	  near,	  but	  outside	  of	  wetlands,	  in	  a	  manner	  that	  protects	  the	  functions	  of	  
wetlands	  and	  that	  minimizes	  impacts	  from	  associated	  activities	  such	  as	  access	  and	  maintenance.	  	  
Ancillary	  structures	  related	  to	  construction	  of	  a	  solar	  installation	  or	  transmission	  of	  power	  may	  be	  
permitted	  to	  cross	  rivers	  and	  streams	  using	  best	  design	  and	  management	  practices.	  	  
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Resources:	  	  	  

More	  information	  about	  the	  Wetlands	  Protection	  Act	  requirements	  may	  be	  found	  in	  the	  implementing	  
regulations	  at	  310	  CMR	  10.00:	  http://www.mass.gov/eea/agencies/massdep/water/regulations/310-‐
cmr-‐10-‐00-‐wetlands-‐protection-‐act-‐regulations.html	  

MassDEP	  Guidance	  for	  Siting	  Wind	  and	  Solar	  in	  Public	  Water	  Supply	  Land:	  
http://www.mass.gov/eea/agencies/massdep/water/regulations/wind-‐and-‐solar-‐energy-‐project-‐on-‐
public-‐water-‐supply-‐land.html	  

MassDEP	  Chapter	  91	  Guidance	  for	  Renewable	  Energy	  Projects:	  
http://www.mass.gov/eea/agencies/massdep/water/reports/chapter-‐91-‐licensing-‐and-‐renewable-‐
energy.html	  
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Glare	  

Question:	  How	  important	  is	  reflectivity	  and	  potential	  visual	  impacts	  from	  solar	  projects,	  especially	  near	  
airports?	  

Bottom	  Line:	  Solar	  panels	  are	  designed	  to	  reflect	  only	  about	  2	  percent	  of	  incoming	  light,	  so	  issues	  with	  
glare	  from	  PV	  panels	  are	  rare.	  	  Pre-‐construction	  modeling	  can	  ensure	  that	  the	  placement	  of	  solar	  panels	  
prevents	  glare.	  

More	  Information:	  	  Solar	  panels	  are	  designed	  to	  absorb	  solar	  energy	  and	  convert	  it	  into	  electricity.	  Most	  
are	  designed	  with	  anti-‐reflective	  glass	  front	  surfaces	  to	  capture	  and	  retain	  as	  much	  of	  the	  solar	  
spectrum	  as	  possible.	  Solar	  module	  glass	  has	  less	  reflectivity	  than	  water	  or	  window	  glass.	  Typical	  panels	  
are	  designed	  to	  reflect	  only	  about	  2	  percent	  of	  incoming	  sunlight.	  Reflected	  light	  from	  solar	  panels	  will	  
have	  a	  significantly	  lower	  intensity	  than	  glare	  from	  direct	  sunlight.	  	  
	  
An	  analysis	  of	  a	  proposed	  25-‐degree	  fixed-‐tilt	  flat-‐plate	  polycrystalline	  PV	  system	  located	  outside	  of	  Las	  
Vegas,	  Nevada	  showed	  that	  the	  potential	  for	  hazardous	  glare	  from	  flat-‐plate	  PV	  systems	  is	  similar	  to	  
that	  of	  smooth	  water	  and	  not	  expected	  to	  be	  a	  hazard	  to	  air	  navigation.	  

Many	  projects	  throughout	  the	  US	  and	  the	  world	  have	  been	  installed	  near	  airports	  with	  no	  impact	  on	  
flight	  operations.	  United	  Kingdom	  and	  U.S.	  aircraft	  accident	  databases	  contain	  no	  cases	  of	  accidents	  in	  
which	  glare	  caused	  by	  a	  solar	  energy	  facility	  was	  cited	  as	  a	  factor.	  
	  
When	  siting	  solar	  PV	  arrays	  pre-‐construction	  modeling	  can	  ensure	  the	  panels	  are	  placed	  in	  a	  way	  that	  
minimizes	  any	  potential	  glare	  to	  surrounding	  areas.	  	  	  
	  
Resources:	  
	  
Technical	  Guidance	  for	  Evaluating	  Selected	  Solar	  Technologies	  on	  Airports,	  Federal	  Aviation	  
Administration,	  November	  2010	  (currently	  under	  review), 
http://www.faa.gov/airports/environmental/policy_guidance/media/airport_solar_guide.pdf	  

A	  Study	  of	  the	  Hazardous	  Glare	  Potential	  to	  Aviators	  from	  Utility-‐Scale	  Flat-‐Plate	  Photovoltaic	  Systems,	  
Black	  &	  Veatch	  Corporation,	  August	  2011,	  http://www.isrn.com/journals/re/2011/651857/	  

Solar	  Photovoltaic	  Energy	  Facilities,	  Assessment	  of	  Potential	  Impact	  on	  Aviation,	  Spaven	  Consulting,	  
January	  2011:	  http://www.solarchoice.net.au/blog/solar-‐panels-‐near-‐airports-‐glare-‐issue/	  
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Endangered	  Species	  and	  Natural	  Heritage	  

Question:	  Who	  ensures	  that	  rare	  animal	  and	  plant	  species	  and	  their	  habitats	  are	  not	  displaced	  or	  
destroyed	  during	  the	  construction	  of	  ground-‐mounted	  solar	  PV?	  

Bottom	  Line:	  Rules	  are	  in	  place	  to	  ensure	  that	  the	  installation	  of	  ground-‐mounted	  solar	  arrays	  protects	  
state-‐listed	  rare	  species	  and	  animals	  and	  plants.	  	  Project	  proponents	  can	  check	  with	  the	  local	  
Conservation	  Commission	  to	  determine	  if	  the	  footprint	  of	  the	  solar	  PV	  project	  lies	  within	  a	  rare	  species	  
habtat.	  

More	  Information:	  	  The	  Massachusetts	  Natural	  Heritage	  and	  Endangered	  Species	  Program	  (NEHSP)	  was	  
created	  under	  the	  Massachusetts	  Endangered	  Species	  Act	  (MESA)	  and	  is	  responsible	  for	  protecting	  rare	  
animal	  and	  plant	  species	  and	  their	  habitats	  from	  being	  displaced	  or	  destroyed.	  	  Specifically,	  NEHSP	  
reviews	  projects	  proposed	  for:	  

• Priority	  Habitats:	  	  These	  are	  areas	  known	  to	  be	  populated	  by	  state-‐listed	  rare	  species	  of	  animals	  or	  
plants.	  	  Any	  project	  that	  could	  result	  in	  the	  alteration	  of	  more	  than	  two	  acres	  of	  Priority	  Habitat	  is	  
subject	  to	  NHESP	  regulatory	  review.	  	  Projects	  will	  need	  to	  file	  a	  MESA	  Information	  Request	  Form,	  
along	  with	  a	  project	  plan,	  a	  U.S.	  Geological	  Survey	  (USGS)	  topographical	  map	  of	  the	  site,	  and	  a	  $50	  
processing	  fee.	  	  NHESP	  will	  let	  project	  administrators	  know	  within	  30	  days	  if	  the	  filing	  is	  complete,	  
then	  will	  determine	  within	  the	  next	  60	  days	  whether	  the	  project,	  as	  proposed,	  would	  result	  in	  a	  
“take”	  of	  state-‐listed	  rare	  species	  that	  might	  require	  the	  project	  to	  redesign,	  scale	  down,	  or	  abandon	  
its	  plan.	  	  	  

• Estimated	  Habitats:	  	  These	  are	  a	  	  sub-‐set	  of	  Priority	  Habitats	  that	  are	  based	  on	  the	  geographical	  
range	  of	  state-‐listed	  rare	  wildlife	  –	  particularly	  animals	  that	  live	  in	  and	  around	  wetlands.	  	  If	  the	  
project	  is	  proposed	  for	  one	  of	  these	  areas	  and	  the	  local	  Conservation	  Commission	  requires	  filing	  a	  
Notice	  of	  Intent	  (NOI)	  under	  the	  Wetlands	  Protection	  Act,	  the	  project	  will	  need	  to	  submit	  copies	  of	  
the	  NOI,	  project	  plans	  and	  a	  U.S.	  Geological	  Survey	  (USGS)	  topographical	  map	  to	  NHESP.	  	  Within	  30	  
days	  of	  receiving	  this	  information,	  NHESP	  will	  send	  its	  comments	  to	  the	  Conservation	  Commission,	  
with	  copies	  to	  the	  project	  administrator,	  project	  consultants,	  and	  the	  Department	  of	  Environmental	  
Protection	  (MassDEP).	  

Resources:	  
	  
To	  learn	  more	  about	  the	  NHESP	  review	  process	  and	  download	  a	  MESA	  Information	  Request	  Form,	  visit:	  	  
http://www.mass.gov/eea/agencies/dfg/dfw/natural-‐heritage/regulatory-‐review/mass-‐endangered-‐
species-‐act-‐mesa/	  
	  
For	  list	  of	  rare	  animal	  and	  plant	  species	  in	  Massachusetts,	  visit:	  
http://www.mass.gov/eea/agencies/dfg/dfw/natural-‐heritage/species-‐information-‐and-‐
conservation/mesa-‐list/list-‐of-‐rare-‐species-‐in-‐massachusetts.html	  
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The increasing presence of utility-scale solar pho-
tovoltaic (PV) systems (sometimes referred to as
solar farms) is a rather new development in North 
Carolina’s landscape. Due to the new and un-
known nature of this technology, it is natural for 
communities near such developments to be con-
cerned about health and safety impacts. Unfortu-
nately, the quick emergence of utility-scale solar 
has cultivated fertile grounds for myths and half-
truths about the health impacts of this technology, 
which can lead to unnecessary fear and conflict.

Photovoltaic (PV) technologies and solar inverters 
are not known to pose any significant health dan-
gers to their neighbors. The most important dan-
gers posed are increased highway traffic during 
the relative short construction period and dangers 
posed to trespassers of contact with high voltage 
equipment. This latter risk is mitigated by signage 
and the security measures that industry uses to 
deter trespassing. As will be discussed in more 
detail below, risks of site contamination are much 
less than for most other industrial uses because 
PV technologies employ few toxic chemicals and 
those used are used in very small quantities. Due 
to the reduction in the pollution from fossil-fu-
el-fired electric generators, the overall impact of 
solar development on human health is overwhelm-
ingly positive. This pollution reduction results from 
a partial replacement of fossil-fuel fired generation 
by emission-free PV-generated electricity, which 
reduces harmful sulfur dioxide (SO2), nitrogen ox-
ides (NOx), and fine particulate matter (PM2.5). 
Analysis from the National Renewable Energy 
Laboratory and the Lawrence Berkeley National 
Laboratory, both affiliates of the U.S. Department 
of Energy, estimates the health-related air quali-
ty benefits to the southeast region from solar PV 
generators to be worth 8.0 ¢ per kilowatt-hour of 
solar generation.1

This is in addition to the value of the electricity and 
suggests that the air quality benefits of solar are 
worth more than the electricity itself.

Even though we have only recently seen large-
scale installation of PV technologies, the technol-
ogy and its potential impacts have been studied 
since the 1950s. A combination of this solar-spe-
cific research and general scientific research has 
led to the scientific community having a good un-
derstanding of the science behind potential health 
and safety impacts of solar energy. This paper uti-
lizes the latest scientific literature and knowledge 
of solar practices in N.C. to address the health 
and safety risks associated with solar PV technol-
ogy. These risks are extremely small, far less than 
those associated with common activities such as 
driving a car, and vastly outweighed by health ben-
efits of the generation of clean electricity.

This paper addresses the potential health and 
safety impacts of solar PV development in North
Carolina, organized into the following four catego-
ries:
(1) Hazardous Materials
(2) Electromagnetic Fields (EMF)
(3) Electric Shock and Arc Flash
(4) Fire Safety

1 • Hazardous Materials
One of the more common concerns towards solar 
is that the panels (referred to as “modules” in the 
solar industry) consist of toxic materials that en-
danger public health. However, as shown in this 
section, solar energy systems may contain small 
amounts of toxic materials, but these materials do 
not endanger public health. To understand poten-
tial toxic hazards coming from a solar project, one
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must understand system installation, materials 
used, the panel end-of-life protocols, and system 
operation. This section will examine these aspects 
of a solar farm and the potential for toxicity im-
pacts in the following subsections:

(1.2) Project Installation/Construction
(1.2) System Components

1.2.1 Solar Panels: Construction and Durability
1.2.2 Photovoltaic technologies

(a) Crystalline Silicon
(b) Cadmium Telluride (CdTe)
(c) CIS/CIGS

1.2.3 Panel End of Life Management
1.2.4 Non-panel System Components

(1.3) Operations and Maintenance

1.1 Project Installation/
Construction
The system installation, or construction, process 
does not require toxic chemicals or processes. The 
site is mechanically cleared of large vegetation, 
fences are constructed, and the land is surveyed 
to layout exact installation locations. Trenches for 
underground wiring are dug and support posts are 
driven into the ground. The solar panels are bolt-
ed to steel and aluminum support structures and 
wired together. Inverter pads are installed, and 
an inverter and transformer are installed on each 
pad. Once everything is connected, the system is 
tested, and only then turned on.

May 2017 | Version 1 4

Figure 1: Utility-scale solar facility (5 MWAC) located in Catawba County. Source: Strata Solar
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Solar PV panels typically consist of glass, polymer, 
aluminum, copper, and semiconductor materials 
that can be recovered and recycled at the end of 
their useful life.2 Today there are two PV technol-
ogies used in PV panels at utility-scale solar facil-
ities, silicon, and thin film. As of 2016, all thin film 
used in North Carolina solar facilities are cadmium 
telluride (CdTe) panels from the US manufacturer 
First Solar, but there are other thin film PV panels 
available on the market, such as Solar Frontier’s 
CIGS panels. Crystalline silicon technology con-
sists of silicon wafers which are made into cells 

and assembled into panels, thin film technologies 
consist of thin layers of semiconductor material 
deposited onto glass, polymer or metal substrates. 
While there are differences in the components and 
manufacturing processes of these two types of so-
lar technologies, many aspects of their PV panel 
construction are very similar. Specifics about each 
type of PV chemistry as it relates to toxicity are 
covered in subsections a, b, and c in section 1.2.2; 
on crystalline silicon, cadmium telluride, and CIS/
CIGS respectively. The rest of this section applies 
equally to both silicon and thin film panels.

1.2 • System Components
1.2.1 Solar Panels: Construction and Durability

May 2017 | Version 1 5

To provide decades of corrosion-free operation, 
PV cells in PV panels are encapsulated from air 
and moisture between two layers of plastic. The 
encapsulation layers are protected on the top with 
a layer of tempered glass and on the backside 
with a polymer sheet. Frameless modules include 
a protective layer of glass on the rear of the pan-
el, which may also be tempered. The plastic eth-
ylene-vinyl acetate (EVA) commonly provides the 

cell encapsulation. For decades, this same mate-
rial has been used between layers of tempered 
glass to give car windshields and hurricane win-
dows their great strength. In the same way that 
a car windshield cracks but stays intact, the EVA 
layers in PV panels keep broken panels intact 
(see Figure 4). Thus, a damaged module does not 
generally create small pieces of debris; instead, it 
largely remains together as one piece.
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Figure 4: The mangled PV panels in this picture illustrate the nature of broken solar panels; 
the glass cracks but the panel is still in one piece. Image Source: http://img.alibaba.com/pho-
to/115259576/broken_solar_panel.jpg

PV panels constructed with the same basic com-
ponents as modern panels have been installed 
across the globe for well over thirty years.3 The 
long-term durability and performance demonstrat-
ed over these decades, as well as the results of 
accelerated lifetime testing, helped lead to an in-
dustrystandard 25-year power production warran-
ty for PV panels. These power warranties warrant 
a PV panel to produce at least 80% of their origi-
nal nameplate production after 25 years of use. A 
recent SolarCity and DNV GL study reported that 
today’s quality PV panels should be expected to 
reliably and efficiently produce power for thirty-five 
years.4

Local building codes require all structures, includ-
ing ground mounted solar arrays, to be engineered 
to withstand anticipated wind speeds, as defined 
by the local wind speed requirements. Many rack-

ing products are available in versions engineered 
for wind speeds of up to 150 miles per hour, which
is significantly higher than the wind speed require-
ment anywhere in North Carolina. The strength of 
PV mounting structures were demonstrated during 
Hurricane Sandy in 2012 and again during Hurri-
cane Matthew in 2016. During Hurricane Sandy, 
the many large-scale solar facilities in New Jer-
sey and New York at that time suffered only minor 
damage.5 In the fall of 2016, the US and Carib-
bean experienced destructive winds and torrential 
rains from Hurricane Matthew, yet one leading so-
lar tracker manufacturer reported that their numer-
ous systems in the impacted area received zero 
damage from wind or flooding.6

In the event of a catastrophic event capable of dam-
aging solar equipment, such as a tornado, the sys-
tem will almost certainly have property insurance
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that will cover the cost to cleanup and repair the 
project. It is in the best interest of the system own-
er to protect their investment against such risks. It 
is also in their interest to get the project repaired 
and producing full power as soon as possible. 
Therefore, the investment in adequate insurance 
is a wise business practice for the system owner. 
For the same reasons, adequate insurance cover-
age is also generally 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 sili-
con-based PV panels and concludes that they do 
not pose a material 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 panels 
installed in North Carolina are crystalline silicon 
panels that are informally classified as Tier I pan-
els. Tier I panels are from well-respected manu-
facturers that have a good chance of being able 
to honor warranty claims. Tier I panels are under-
stood to be of high quality, with predictable perfor-
mance, durability, and content. Well over 80% (by 
weight) of the content of a PV panel is the tem-
pered 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 
encapsulation of the PV cells, polyphenyl ether in 
the junction box, and polyethylene insulation on 
the wire leads. The active, working components 
of the system are the silicon photovoltaic cells, 
the small electrical leads connecting them togeth-
er, and to the 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 (SiO2) that removes its oxygen 
molecules. The refined silicon is converted to a 
PV cell by adding extremely small amounts of bo-
ron 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.7 
In order for the front and rear electrodes to make 
effective electrical contact with the proper layer of 
the PV cell, other materials (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 cop-
per tabs from the back of one cell to the front of the 
next cell. Traditionally a tin-based solder contain-
ing some lead (Pb) is used, but some manufactur-
ers have switched to lead-free solder. The glass 
frit and/or the solder may contain trace amounts of 
other metals, potentially including some with hu-
man 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 neg-
ative 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.
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As with many electronic industries, the solder in sil-
icon PV panels has historically been a leadbased 
solder, often 36% lead, due to the superior prop-
erties of such solder. However, recent advances 
in lead-free solders have spurred 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 responsibili-
ty of photovoltaic panel 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 man-
ufactured goods.8 The Restriction of Hazardous 
Substances (RoHS) standard requires that the 
maximum concentration found in any homog-
enous material in a produce is less than 0.01% 
cadmium and less than 0.10% lead, therefore, any 
solder can be no more than 0.10% lead.9

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.10 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 envi-
ronmental 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 sus-
tainable and economically viable.”

The use of lead is common in our modern econo-
my. 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%. Close to 90% of lead consumption 
in the US is in batteries, which do not encapsu-
late the pounds of lead contained in each typical 
automotive battery. This puts the lead in batteries 
at great risk of leaching into the environment. Es-
timates for the lead in a single 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.11 At 13 g/panel12, 
each panel contains one-half of the lead in a typi-
cal 12-gauge shotgun shell. This amount equates 
to roughly 1/750th of the lead in a single car bat-
tery. In a panel, it is all durably encapsulated from 
air or water for the full life of the panel.14

As indicated by their 20 to 30-year power warran-
ty, 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 out-
put 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 life-
time. In extreme experiments, researchers have 
shown that lead can leach from crushed or pulver-
ized panels.15, 16 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.17,18 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 expo-
sure for the operating lifetime of the solar panel and 
thus not at risk of release into the environment.
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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 significant-
ly reducing the public’s exposure to cadmium by 
reducing coal emissions. As of mid-2016, a few 
hundred MWs of cadmium telluride (CdTe) panels, 
all manufactured by the U.S. company First Solar, 
have been installed in North Carolina.

Questions about the potential health and environ-
mental impacts from the use of this PV technology 
are related to the concern that these panels con-
tain cadmium, a toxic heavy metal. However, sci-
entific studies have shown that cadmium telluride 
differs from cadmium due to its high chemical and 
thermal stability.19 Research has shown that the 
tiny amount of cadmium in these panels does not 
pose a health or safety risk.20 Further, there are 
very compelling reasons to welcome its adoption 
due to reductions in unhealthy pollution associat-
ed with burning coal. Every GWh of electricity gen-
erated by burning coal produces about 4 grams of 
cadmium air emissions.21 Even though North Car-
olina produces a significant fraction of our elec-
tricity from coal, electricity from solar offsets 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 electricity offsets 
90% natural gas and 10% coal, each 5-megawatt 
(5 MWAC, which is generally 7 MWDC) CdTe solar 
facility in North Carolina keeps about 157 grams, 
or about a third of a pound, of cadmium out of our 
environment.22, 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,24 
which has 1/100th the toxicity of free cadmium.25 
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 exposed to fire. The fire melts the glass 
and encapsulates over 99.9% of the cadmium in 
the molten glass.27

It is important to understand the source of the cad-
mium used to manufacture CdTe PV panels. The 
cadmium 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, ce-
mented and buried, or disposed of.28 Nearly all the 
cadmium in old or broken panels can be recycled 
which can eventually serve as the primary source 
of cadmium for new PV panels.29

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 (to-
gether >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,30 similar to the pro-
cess used to recycle CdTe panels. Like many sil-
icon-based panels, CdTe panels are reported (as 
far back ask 199831 to pass the EPA’s Toxic Char-
acteristic Leaching Procedure (TCLP) test, which 
tests the potential for crushed panels in a landfill to 
leach hazardous substances into groundwater.32 
Passing this test means that they are classified 
as non-hazardous waste and can be deposited in 
landfills.33,34 For more information about PV panel 
end-of-life, see the Panel Disposal section.

There is also concern of environmental impact re-
sulting from potential catastrophic events involv-
ing CdTe PV panels. An analysis of worst-case 
scenarios for environmental impact from CdTe PV
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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.”35 In a worst-case scenario of damaged 
panels abandoned on the ground, insignificant 
amounts of cadmium will leach from the panels. 
This is because this scenario is much less condu-
cive (larger module pieces, less acidity) to leach-
ing than the conditions of the EPA’s TCLP test 
used to simulate landfill conditions, which CdTe 
panels pass.36

First Solar, a U.S. company, and the only signifi-
cant supplier of CdTe panels, has a robust panel 
take-back and recycling program that has been 
operating commercially since 2005.37 The compa-
ny states that it is “committed to providing a com-
mercially attractive recycling solution for photovol-
taic (PV) power plant and module owners to help 
them meet their module (end of life) EOL obliga-
tion simply, costeffectively and responsibly.” First 
Solar global recycling services to their custom-
ers to collect and recycle panels once they reach 
the end of productive life whether due to age or 
damage. These recycling service 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 afford-
able source of raw materials needed for new pan-
els 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.

c. CIS/CIGS and other PV technologies

Copper indium gallium selenide PV technology, of-

ten referred to as CIGS, is the second most com-
mon 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 these elements 
are very toxic, although selenium is a regulated 
metal under the Federal Resource Conservation 
and Recovery Act (RCRA).38 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 pan-
els 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 field.39 Recently, 
a CIGS manufacturer based in Japan, Solar Fron-
tier, has achieved some market success with a rig-
id, glass-faced CIGS module that competes with 
silicon panels. Solar Frontier produces the major-
ity of CIS panels on the market today.40 Notably, 
these panels are RoHS compliant,41 thus meeting 
the rigorous toxicity standard adopted by the Eu-
ropean Union even thought this directive exempts 
PV panels. The authors are unaware of any com-
pleted 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 are addressed in this sub-
section. To put the volume of PV waste into per-
spective, 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.42 In the U.S., end-of-life disposal of so-
lar products is governed by the Federal Resource 
Conservation and Recovery Act (RCRA), as well 
as state policies in some situations. RCRA sepa-
rates waste into hazardous (not accepted at ordi-
nary landfill) and solid waste (generally accepted
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at ordinary landfill) based on a series of rules. Ac-
cording 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 dis-
posal and determine the risk of hazardous sub-
stances leaching out of the landfill.43,44,45 Multiple 
sources report that most modern PV panels (both 
crystalline silicon and cadmium telluride) pass the 
TCLP test.46,47 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.48,49

The test begins with the crushing of a panel into 
centimeter-sized pieces. The pieces are then 
mixed in an acid bath. After tumbling for eighteen 
hours, the fluid is tested for forty hazardous sub-
stances that all must be below specific threshold 
levels to pass the test. Research comparing TCLP 
conditions to conditions of damaged panels in the 
field found that simulated landfill conditions pro-
vide overly conservative estimates of leaching for 
field-damaged panels.50 Additionally, research in 
Japan has found no detectable Cd leaching from 
cracked CdTe panels when exposed to simulated 
acid rain.51

Although modern panels can generally be land-
filled, they can also be recycled. Even though 
recent waste volume has not been adequate 
to support significant PV-specific recycling in-
frastructure, 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 report-
ed 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 re-
cycling firms. In early 2017, a PV developer re-
ported 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 alumi-
num frame for local recycling and removing the 
wire leads for local copper recycling. The remain-
der of the panel is sent to a facility for processing 
the non-metallic portions of crushed vehicles, re-
ferred to as “fluff” in the recycling industry.52 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-spe-
cific 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 pro-
duced 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 materials.53 PV-specific panel recy-
cling technologies have been researched and im-
plemented 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.54

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 partner-
ship 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 di-
rective, a program for waste electrical and elec-
tronic equipment.55 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
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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 2015.56

In 2012, the WEEE Directive added the end-of-life 
collection and recycling of PV panels to its scope.57 
This directive is based on the principle of extend-
ed-producer-responsibility. It has a global impact be-
cause 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, the US Solar 
Energy Industry Association (SEIA) announced that 
they are starting a national solar panel recycling pro-
gram with the guidance and support of many leading 
PV panel producers.58 The program will aggregate 
the services offered by recycling vendors and PV 
manufacturers, which will make it easier for consum-
ers to select a cost-effective and environmentally re-
sponsible 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 net-
work program, the program will provide a portal for 
system owners and consumers 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 sec-
tion has shown that the positive health impacts 
of reduced emissions from fossil fuel combustion 
from PV systems more than outweighs any poten-
tial risk. Testing shows that silicon and CdTe pan-
els 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 facili-
ty generally exceeds general contractor estimates 
for the cost to remove the entire PV system.59,60,61

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 inves-
tigates any potential public health and safety con-
cerns. 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 rack-
ing is galvanized steel and the remaining above-
ground racking components are either galvanized 
steel or aluminum, which are both extremely com-
mon and benign building materials. The inverters 
that make the solar generated electricity ready to 
send to the grid have weather-proof steel enclo-
sures that protect the working components from 
the elements. The only fluids that they might con-
tain are associated with their cooling systems, 
which are not unlike the cooling system in a com-
puter. Many inverters today are RoHS compliant. 

The electrical transformers (to boost the inverter 
output voltage to the voltage of the utility connec-
tion point) do contain a liquid cooling oil. However, 
the fluid used for that function is either a nontoxic 
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 min-
eral oils. Significant health hazards are associ-
ated 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.
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Other than a few utility research sites, there are no 
batteries on- or off-site associated with utility-scale 
solar energy facilities in North Carolina, avoiding 
any potential health or safety concerns related to 
battery technologies. However, as battery technol-
ogies continue to improve and prices continue to 
decline we are likely to start seeing some batter-
ies at solar facilities. Lithium ion batteries current-
ly dominate the world utility-scale battery market, 
which are not very toxic. No non-panel system 
components were found to pose any health or en-
vironmental dangers.

1.4 Operations  
and Maintenance –  
Panel Washing and  
Vegetation Control
Throughout the eastern U.S., the climate provides 
frequent and heavy enough rain to keep panels 
adequately clean. This dependable weather pat-
tern eliminates the need to wash the panels on a 
regular basis. Some system owners may choose 
to wash panels as often 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’ life-
time; however, nothing more than soap and water 
are required for this activity.

The maintenance of ground-mounted PV facili-
ties requires that vegetation be kept low, both for 
aesthetics and to avoid shading of the PV panels. 
Several approaches are used to maintain vegeta-
tion at NC solar facilities, including planting of lim-
ited-height species, mowing, weed-eating, herbi-
cides, and grazing livestock (sheep). The following 
descriptions of vegetation maintenance practices 
are based on interviews with several solar devel-
opers 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 pri-
marily by mowing. Each row of panels has a single 
row of supports, allowing sickle mowers to mow 
under the panels. The sites usually require mow-
ing about once a month during the growing sea-
son. 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.62

In addition to mowing and weed eating, solar fa-
cilities 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 re-
stricted use herbicides commonly used in com-
mercial 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 inter-
viewed 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 appli-
cator 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 facili-
ties in N.C. generally use significantly less herbi-
cides per acre than most commercial agriculture 
or lawn maintenance services.
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2. Electromagnetic 
Fields (EMF)
PV systems do not emit any material during their 
operation; however, they do generate electromag-
netic fields (EMF), sometimes referred to as radi-
ation. EMF produced by electricity is non-ionizing 
radiation, meaning the radiation has enough en-
ergy to move atoms in a molecule around (experi-
enced 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 produced 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 have ever shown this 
EMF to cause health problems.63 These concerns 
are based on some epidemiological studies that 
found a slight increase in childhood leukemia 
associated with average exposure to residential 
power-frequency magnetic fields above 0.3 to 0.4 
µT (microteslas) (equal to 3.0 to 4.0 mG (milli-
gauss)). µT and mG are both units used to mea-
sure magnetic field strength. For comparison, the 
average exposure for people in the U.S. is one 
mG or 0.1 µT, with about 1% of the population 
with an average exposure in excess of 0.4 µT (or 
4 mG).64 These epidemiological studies, which 
found an association but not a causal relation-
ship, led the World Health Organization’s Interna-
tional Agency for Research on Cancer (IARC) to 
classify ELF magnetic fields as “possibly carcino-
genic to humans”. Coffee also has this classifi-
cation. This classification means there is limited 
evidence but not enough evidence to designate 

as either a “probable carcinogen” or “human 
carcinogen”. Overall, 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 µT (4 mG) that may have some con-
nection to increased cases of childhood leuke-
mia. In 1997, the National Academies of Science 
were directed by Congress to examine this con-
cern and concluded:

“Based on a comprehensive evaluation of pub-
lished studies relating to the effects of power-fre-
quency electric and magnetic fields on cells, tis-
sues, and organisms (including humans), the 
conclusion of the committee is that the current 
body of evidence does not show that exposure 
to these fields presents a human-health hazard. 
Specifically, no conclusive and consistent evi-
dence shows that exposures to residential electric 
and magnetic fields produce cancer, adverse neu-
robehavioral effects, or reproductive and develop-
mental effects.”65

There are two aspects to electromagnetic fields, 
an electric field and a magnetic field. The elec-
tric field is generated by voltage and the mag-
netic field is generated by electric current, i.e., 
moving electrons. A task group of scientific ex-
perts convened by the World Health Organiza-
tion (WHO) in 2005 concluded that there were no 
substantive health issues related to electric fields 
(0 to 100,000 Hz) at levels generally encoun-
tered by members of the public.66 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 sec-
tion 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 elec-
tric generation and weaken quickly with distance 
from the source.
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The direct current (DC) electricity produced by PV 
panels produce stationary (0 Hz) electric and mag-
netic fields. Because of minimal concern about po-
tential risks of stationary fields, little scientific re-
search has examined stationary fields’ impact on 
human health.67 In even the largest PV facilities, 
the DC voltages and currents are not very high. 
One can illustrate the weakness of the EMF gen-
erated by a PV panel by placing a compass on an 
operating solar panel and observing that the nee-
dle 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) elec-
tricity matching the 60 Hz frequency of the grid. 
Therefore, the inverters and the wires delivering 
this power to the grid are producing non-station-
ary EMF, known as extremely 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 ex-
posure depends upon the sources they encounter, 
how close they are to them, and the amount of 
time they spend there.68 As stated above, the av-
erage exposure to magnetic fields in the U.S. is 
estimated to be around one mG or 0.1 µT, but can 
vary considerably depending on a person’s expo-
sure to EMF from electrical devices and wiring.69 
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 micro-
wave oven the field is about 50 mG.70 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 

one 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 sub-
stations containing high voltages and currents are 
considered “generally negligible”.71,72

The strength of ELF-EMF present at the perimeter 
of a solar facility or near a PV system in a commer-
cial or residential building is significantly lower than 
the typical American’s average EMF exposure.73,74 
Researchers in Massachusetts measured mag-
netic fields at PV projects and found the magnetic 
fields 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.75 Even when measured 
within a few feet of the utility-scale inverter, the 
ELF magnetic fields were well below the Interna-
tional Commission on Non-Ionizing Radiation Pro-
tection’s recommended magnetic field level ex-
posure limit for the general public of 2,000 mG.76 
It 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 shields neighbors from the sound of the in-
verter’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 rhythm 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.77 Manufacturers 
of potentially affected implanted devices often pro-
vide advice on electromagnetic interference that 
includes avoiding letting the implanted device get 
too close to certain sources of fields such as some
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household appliances, some walkie-talkies, and 
similar transmitting devices. Some manufactur-
ers’ literature does not mention high-voltage pow-
er 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.78

3. Electric Shock and 
Arc Flash Hazards
There is a real danger of electric shock to any-
one 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.79 Another electrical 
hazard is an arc flash, which is an explosion of en-
ergy 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 seri-
ous injury or death. Properly trained and equipped 
technicians and electricians know how to safely 
install, test, and repair PV systems, but there is al-
ways 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 inju-
ry or death due to electric shock and arc flash, The 
National Electric Code (NEC) requires appropriate 
levels of warning signs on all electrical compo-
nents based on the level of danger determined by 
the voltages and current potentials. The national 
electric code also requires the site to be secured 
from unauthorized visitors with either 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. How-
ever, concern over solar fire hazards should be 
limited because only a small portion of materials 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), plas-
tic 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 make 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 en-
ergy from an electrical fault can ignite a PV panel.80 
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 burned without 
igniting the panels mounted on fixed-tilt racks just 
above the grass.81 While it is possible for electri-
cal faults in PV systems on homes or commercial 
buildings to start a fire, this is extremely rare.82 
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 fire, and 2) pose safety hazard to the 
firefighters. One of the most important techniques 
that firefighters use to suppress fire is ventilation 
of a building’s roof. This technique allows super-
heated toxic gases to quickly exit the building. By 
doing so, the firefighters 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
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latest National Electric Code has added require-
ments that make it easier for first responders to 
safely and effectively turn off a PV system. Con-
cern for firefighting a building with PV can be re-
duced 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 International Association of Fire Fight-
ers (IAFF) and International Renewable 
Energy Council (IREC) partnered to create 
an online training course that is far beyond 
the PowerPoint click-andview model. The 
self-paced online course, “Solar PV Safety 
for Fire Fighters,” features rich video con-
tent and simulated environments so fire 
fighters can practice the knowledge they’ve 
learned. www.iaff.org/pvsafetytraining

• Photovoltaic Systems and the Fire Code: 
Office of NC Fire Marshal

• Fire Service Training, Underwriter’s Labo-
ratory

• Firefighter Safety and Response for Solar 
Power Systems, National Fire Protection 
Research Foundation

• Bridging the Gap: Fire Safety & Green 
Buildings, National Association of State Fire 
Marshalls

• Guidelines for Fire Safety Elements of So-
lar 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

• PV Safety and Code Development: Mat-
thew Paiss, Cooperative Research Network

Summary
The purpose of this paper is to address and al-
leviate 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) Electro-
magnetic Fields, (3) Electric Shock and Arc Flash, 
and (4) Fire. In each of these sections, the nega-
tive health and safety impacts of utility-scale 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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Top Five Large-Scale Solar Myths
FEBRUARY 03, 2016 BY MEGAN DAY

As large-scale solar facilities proliferate throughout the country, more communities are 
considering the potential merits and drawbacks of this new kind of neighbor. Initial reactions 
to the prospect of large-scale photovoltaic (PV) facilities or solar farms tend to include a 
myriad of misperceptions. 

Actual questions about proposed solar farms in this former solar developer’s experience have 
included: 

• Won't drivers cause accidents rubber-necking at this strange facility?
• Can my cattle graze on there?
• Can I run an extension cord to power my house?

Here are the top five myths I encountered in my six years of working with communities to 
build solar farms: 

Myth #1: Solar farms are like factories
Local officials and planners often restrict solar farms in residential, commercial, and 
sometimes agricultural zoning districts, limiting their location to industrial districts. 
Industrial zoning is primarily intended to separate intense land uses, such as factories and 
distribution centers and their associated pollution, noise, and traffic, from residential areas. 
However, after construction, solar farms are quiet, clean facilities that generally have no on-
site employees. 

One city manager with numerous solar farms in his community compared the land use to a 
cemetery (no living inhabitants), demonstrating that solar farms can be compatible even with 
residential neighbors. 

Myth #2: Glare
Residents and community officials often cite glare or blinding from solar facilities as a 
primary concern. While concentrating solar technologies do use mirrors which can cause 
glare, most solar farms use PV modules to generate electricity. PV modules use non-reflective 
glass and are designed to absorb rather than reflect the light that hits the panels in order to 
convert solar energy into electricity. PV modules are generally less reflective than 
windows[1] and are installed at numerous airports.[2]
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Sun Edison PV array at the NWTC. Photo by Dennis Schroeder, NREL 11249490

Myth #3: Noise 
The noisiest components in a solar farm are the inverters, which generate a low buzzing 
sound as they convert electricity from the direct current (DC) generated by PV modules to 
alternating current (AC) used by the electric grid. Tracking equipment allowing PV modules 
to face the sun over the course of the day can also generate a low level of noise. However, the 
noise generated by solar farms is generally not audible above ambient noise outside of the 
facility fence.[3]

Myth #4: Property values
While the impacts of a solar farm on neighboring property values have not been studied in-
depth, numerous studies found the impact of wind energy generation on neighboring 
property values to be negligible.[4] As solar farms do not have the same impacts as wind 
farms (i.e., PV facilities do not cast a shadow on neighboring properties, cause light flicker, or 
have the same visual impact as wind farms), the impacts on property values caused by solar 
farms are anticipated to be less than the impacts of wind farms. Some communities have 
opted for mitigation measures to reduce visual impacts of solar farms through the use 
of vegetative screening or decorative fencing, since PV modules are usually mounted close to 
the ground (less than seven feet high). 

Myth #5: Electro-magnetic fields
Solar facilities generate electro-magnetic fields similar to household appliances within close 
proximity, which dissipate with increasing distance and pose no health risk to neighboring 
residents.[5]

Concerns about proposed solar farms are often offset by local benefits such as significant 
local employment and spending during construction, increased property tax revenues with 
minimal drain on public services, and low water use, emission-free electricity generation. 

[1]http://www.hindawi.com/journals/isrn/2011/651857/,  
http://www.mass.gov/eea/docs/doer/renewables/solar/solar-pv-guide.pdf 

[2] Sandia National Laboratory developed a modeling tool, used by the Federal Aviation 
Administration, that tests for potential glare from solar installations on flight paths and 
control towers and can be used for other applications. 

[3] http://files.masscec.com/research/StudyAcousticEMFLevelsSolarPhotovoltaicProjects.pdf
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[4] http://www.realtor.org/field-guides/field-guide-to-wind-farms-their-effect-on-property-
values

[5] http://files.masscec.com/research/StudyAcousticEMFLevelsSolarPhotovoltaicProjects.pdf
 , http://www.oregon.gov/odot/hwy/oipp/docs/emfconcerns.pdf  ; 

http://www.ncbi.nlm.nih.gov/pubmed/26023811
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Solar and Agricultural Land Use Can Occur Harmoniously  

As solar continues to expand into new markets, both rural and urban, land use discussions are likely to occur. In these discussions, 

it's important for participants to understand that solar in not a threat to agricultural activity, but rather a harmonious development 

that can assist the farming community.  

• Solar can provide land with an opportunity to recover, when paired with the planting of native grasses and pollinators and 

be used for agricultural purposes in the future. 

• Farmers can utilize solar as a steady revenue stream to help smooth out the impact of grain and produce market volatility. 

• Installations of utility-scale solar continue to expand; however, they are still not a significant cause of the loss of 

agricultural land.   

Solar Land Needs in the U.S. 
As ground-mounted solar is expanding into more states, developers and 

farmers are looking to agricultural land for installations. Though 

renewable energy critics have claimed that ground-mounted solar farms 

are taking up large swaths of viable agricultural land, expanding urban 

areas and residential development accounted for nearly all lost 

farmland.1 In the last decade, while North Carolina rose to become the 

#2 state in the U.S. in solar installations, the state lost one million acres 

of cropland to development and housing, yet only 1% of that total was 

due to solar development.2  Moreover, many solar developments 

strengthen agricultural communities and augment local agricultural 

production.  

Even as installations of utility-scale solar continue to expand, 

they still do not pose a significant risk to the loss of 

agricultural land. To generate enough electricity to power the 

entire country, solar facilities would need to occupy roughly 

the same area devoted to surface coal mining,3 with a much 

cleaner outcome.  

In Pennsylvania, the Department of Environmental Protection 

found that only 124 square miles (79,200 acres) of land will 

be needed to increase grid solar sufficiently to generate 10 

percent of electricity.4 This is less than three-tenths of 1 

percent of Pennsylvania's total land area of 46,055 square 

miles. In addition, land that is already in use, such as landfills 

and abandoned mine land, could also host grid-scale solar installations. 

Solar Allows Land to Recover 

 

1 https://www.agweek.com/business/agriculture/4443480-31-million-acres-lost-development-cuts-us-farmland   
2 North Carolina Sustainable Energy Assn, “North Carolina Solar & Agriculture” (April 2017). https://energync.org/wp-
content/uploads/2017/04/NCSEA_NC_Solar_and_Agriculture_4_19.pdf.  
3 https://solar.gwu.edu/how-much-land-would-it-take-power-us-solar  
4 https://www.dep.pa.gov/Business/Energy/OfficeofPollutionPrevention/SolarFuture/Pages/Pennsylvania's-Solar-Future-Plan.aspx  
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Soil can be improved by planting native grasses/pollinators and effectively letting the soil rest. In the future, when a solar project is 
decommissioned, farming can once again resume on that land. This is a stark contrast to other development, which often leaves land 

unusable for agriculture.5,6 After the panels are installed, native vegetation—often friendly to bees and other pollinators—is 
planted. The deep roots of the planted native vegetation retain more water than turf grass and gravel during heavy storms and 
periods of drought. They also help retain topsoil and improve soil health over time, even in "brownfield" areas with polluted soils.7 

Solar Projects Provide Economic Benefits to the Farming Community 

Solar paired with native grasses and pollinators can provide overused soil an opportunity to recover and a healthy revenue stream 

to farmers.  

• Keeps farmers on their land 
o Solar lease payments tend to be higher than leasing for traditional agriculture operations. 

o Farming is an extremely low-margin, competitive industry. If a farmer can add solar to a portion of their property 
and get a long-term steady income, it can help them to keep their farm.  

o Steady income from solar projects means that farmers are less vulnerable to fluctuations in market prices or crop 
yields.  

• Downstream benefits from O&M and tax revenue have lasting positive community impact 

• Solar can offset power required for pumping and provide electricity to remote irrigation systems 

• Provides substantial tax revenue to local communities.8 Detailed data collection in NC shows local tax revenues up 2000% 

after the state’s big solar build up through 2017.9 

• Provides local construction jobs 

         

NREL, Photos by Dennis Schroeder 

Co-location of Agricultural Activities and Solar 

Solar and agriculture are not mutually exclusive. In fact, the U.S. Government incentivizes co-locating solar with agricultural 
production. USDA’s REAP program provides grants to those interested in investing in solar energy. However, to qualify, applicants 
must receive at least 50% of their income from agricultural operations.10 Additionally, pollinators and sheep farmers are two 
examples of co-located agricultural activities that exist in harmony with solar projects.11 According to a study, co-location and solar 

grazing bring net positive benefits for both farmers, in the form of additional income, and solar facilities, through increased energy 
production and reduced maintenance expenses. Please see SEIA’s Multiuse Farming Factsheet for more information. 

 

5 https://www.nrel.gov/news/features/2019/beneath-solar-panels-the-seeds-of-opportunity-sprout.html 
6 https://www.energy.gov/eere/solar/farmers-guide-going-solar 
7 https://www.nrel.gov/news/features/2019/beneath-solar-panels-the-seeds-of-opportunity-sprout.html  
8 North Carolina Sustainable Energy Assn, “North Carolina Solar & Agriculture” (April 2017). https://energync.org/wp-
content/uploads/2017/04/NCSEA_NC_Solar_and_Agriculture_4_19.pdf. 
9 https://energync.org/wp-content/uploads/2019/07/Small_Increased-NC-County-Tax-Revenue-from-Solar-Developmentv3.pdf  
10 https://www.rd.usda.gov/files/RD_FactSheet_RBS_REAP_RE_EE.pdf 
11 https://energync.org/wp-content/uploads/2017/04/NCSEA_NC_Solar_and_Agriculture_4_19.pdf 
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INTRODUCTION
With continuing cost declines, solar power is playing 
an increasingly important role in how states meet their 
energy needs. Across the South, local communities, 
utilities and solar developers are seeing the benefits of 
solar energy through customer savings, energy in-
dependence, environmental benefits, and economic 
development. Solar farms above 1 megawatt in size 
make up a growing portion of this changing energy 
landscape. During the planning and regulatory approv-
al stages of developing a solar farm, there are currently 
many review processes in place to evaluate and mini-
mize environmental impacts.   
The purpose of this policy brief is to provide an over-
view of the Environmental Review Processes that most 
solar farms in the Southeast currently go through, and 
to provide examples of best practices that developers 
are embracing to maximize benefits and minimize 
environmental impacts. 

Setting the Stage:   
The Benefits of Clean Solar Energy
Solar power is a clean source of energy, especially when 
compared to alternative sources of electricity. In the 
Southeast, our electricity has traditionally come from 
fossil fuel sources, like coal-fired power plants, which 

produce negative environmental impacts, from dirty 
air to coal ash waste to overburdened water resourc-
es and carbon emissions. Fossil-fuel fired generating 
units are the leading contributor of climate-altering 
pollution in the United States. 
By contrast, solar power generation is largely carbon- 
and pollution-free. Even when considering lifecycle 
greenhouse gas emissions—those that occur from 
manufacturing, operation and maintenance, and 
decommissioning solar facilities—solar generation 
produces less than one twentieth of the emissions of 
coal generation.1  
The two graphics below compare some of the envi-
ronmental impacts of common energy sources. Solar 
energy not only generates fewer lifecycle greenhouse 
gas emissions than coal, but also uses much less water. 
Solar farms have smaller land use footprints than coal, 
biomass, nuclear or natural gas. A Columbia Univer-
sity study found that on a life-cycle basis—including 
direct and indirect land impacts—utility-scale PV 
requires less land than the average U.S. power plant 
using surface-mined coal, which is how 70 percent 
of all coal in the United States is extracted. The study 
also found that, when comparing various renewable 
resources, both biomass and nuclear energy resulted 

Solar plants average 25 years8 of operation compared to coal and natural gas plants which average 30 years,9,10 
and nuclear plants which average 34 years.11 

Solar uses a  
fraction of the water  

compared to  
natural gas,  

nuclear  
and coal.3

Solar
20 gallons4  

used per kWh

Coal
790 gallons7  

used per kWh

Natural Gas
405 gallons5  

used per kWh

Nuclear
575 gallons6 

used per kWh

Even accounting for the  
full life-cycle impacts, solar  
produces less than 5%  
of coal’s carbon emissions.2 CO2
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in more land impacts than solar power.12 A study of 
renewable energy impacts in the western United  
States found that active oil and gas leases impact  
4.5 percent of each terrestrial ecosystem evaluated, 
with a total potential for land disturbance in excess 
of 11.1 percent. In contrast, the potential land-cover 
impacts from utility-scale solar amount to less than  
1 percent of all ecosystems combined.13 
Even if solar farms alone were to supply 100 percent  
of America’s electricity needs, solar installations would 
still only occupy 0.6 percent of the country’s total land 
area, or less than 2 percent of U.S. land that is now in 
crop production.14 By comparison, that is less land 
than is currently being used for corn ethanol produc-
tion in our country.15     
The advantages of solar generation go beyond reduced 
pollution, minimal water usage, and smaller land-use 
footprints. Solar power diversifies our energy supply, 
provides a hedge against volatile fuel prices, avoids 
the need for new transmission infrastructure, pro-
duces peak energy output when utilities need it the 
most, decreases stress on existing distribution and 
transmission lines, increases opportunities for rural 
electrification, and produces much-needed economic 
development benefits.
Nationally, there are now more workers in the solar 
industry than there are jobs in natural gas, and over 
twice as many solar jobs as coal jobs. In fact, solar 
industry employment has grown 17 times faster than 
overall job creation in the country.16 In addition to 

new jobs, solar project development provides econom-
ic investment and revenue generation for local com-
munities. For example, billions of dollars have been 
invested in North Carolina as a result of solar projects 
and approximately $300 million has been generated 
for state and local governments in tax revenue.17       
Solar power provides many benefits over fossil-fuel 
based electricity generation. Still, solar farms do have 
some land-use impacts. Large-scale projects typically 
require 5-8 acres for every megawatt of generation 
(contingent upon the use of fixed tilt or single axis 
tracking technology), and can have impacts that 
accompany other land uses, such as effects on water 
resources, habitat, and sensitive species. Because of 
these potential impacts, existing federal and state laws 
and local ordinances in many places provide for envi-
ronmental review of such projects. Some solar project 
developers are going beyond these requirements, find-
ing new and innovative ways to maximize the benefits 
of their projects and minimize land-use impacts. 

ENVIRONMENTAL REVIEW  
REQUIREMENTS FOR SOLAR  
FARMS IN THE SOUTHEAST
The following Environmental Review processes 
currently apply to most solar farms in the Southeast.  
Specific state review procedures may differ, but the 
environmental impact considerations outlined below 
are likely to be examined across the region, helping to 

2

For example, Taylor County in Georgia estimates that new local solar projects will bring in as much as $40 million 
for the county in property taxes and permit fees over the next 20 years.18 Similarly, the University of Alabama  
recently estimated that a proposed 640-acre solar farm in Lauderdale County would provide $20 million in local 
benefits over a 30-year period and would involve over 400 jobs during the construction phase, in addition to  
positions for long-term maintenance of the site.19 North Carolina, which ranks second in the nation for installed  
solar capacity, has an estimated 450 solar industry companies and over 4,000 jobs in the industry.20

$40 million  
in tax revenue 
for rural Taylor 
County

640-acre solar farm  
in Lauderdale County 
$20 million in local benefits
Over 400 jobs during  
construction 

450 solar companies
Over 7,000 solar jobs

GA

AL
NC
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ensure that solar is developed with minimal environ-
mental impact. 

Compliance with Federal, State and Local  
Environmental Laws
Solar farm development must comply with federal and 
state environmental laws. Applicable federal statutes 
may include the National Environmental Policy Act 
(NEPA), the Endangered Species Act, and the Clean 
Water Act. 
NEPA requires a review of the effects of all Federal, 
federally assisted, and federally licensed actions, such 
as siting a project on federal lands, accessing feder-
ally-owned transmission lines, or obtaining a federal 
permit.21 The level of review given to different projects 
varies with the likelihood of significant environmental 
impact, but for all federally associated projects, some 
level of assessment will be required.22 The most common 
solar development requirement under NEPA is called an 
Environmental Assessment (EA). An EA is a public doc-
ument, usually completed and paid for by the developer, 
which provides sufficient evidence and analysis to assist 
the agency in determining whether to prepare a more 
extensive Environmental Impact Statement (EIS) for a 
proposed action, and to comply with NEPA when no 
EIS is required. Developers can increase their chances 
of limiting environmental review to an EA, avoiding the 
need for a more extensive EIS, by minimizing project 
impacts and including mitigation measures in the initial 
proposal.23 See Appendices II and III for more informa-
tion on NEPA.
Projects that may affect threatened or endangered 
species or their habitat require compliance with the 
Endangered Species Act (ESA).24 The ESA requires that 
a federal agency authorizing, funding, or carrying out 
any action that may affect protected species consult 
with the U.S. Fish and Wildlife Service (FWS).25 Project 
developers should work with the reviewing agencies to 
engage the FWS in a discussion about impacts to species 
protected by the ESA. For utility-scale solar projects 
requiring federal approval, a Section 7 consultation will 
occur as part of the federal permit review process. Al-
though such consultation is required only for activities 
that involve federal action or approval, project develop-
ers are advised to consult with FWS when there is even 
a possibility for protected species impacts due to poten-
tial liability under Section 9 of the ESA, a strict liability 

Sensitive Species Case Study:  
The Gopher Tortoise
The State of Georgia is seeing increased solar 
farm development, especially on rural lands,  
resulting in significant economic development 
benefits for rural communities. This increase  
has also raised concerns over the protection of  
sensitive species such as the gopher tortoise,  
the official state reptile and a candidate for the 
federal endangered species list. 
The same land that comprises the tortoise’s hab-
itat is also ideal for solar developers. The tortoise 
likes sparsely forested land where it can burrow 
into the sandy soil. This particular habitat is also 
home to other species such as gopher frogs, in-
digo snakes, and hognose snakes. Wildlife agen-
cies and developers are taking steps to address 
the concerns over potential tortoise impacts. 
The wildlife agencies are developing maps of 
critical habitat locations and are partnering with 
solar developers to select sites that minimize and 
mitigate impacts to wildlife and these sensitive 
species. Georgia Power has already established 
a refuge for gopher tortoises and should continue 
to address this environmental concern and assess 
ways to alleviate wildlife impacts. 
Where sensitive species exist, in Georgia and 
elsewhere, steps must be taken to protect those 
species when undergoing any type of devel-
opment activities, including solar farms. Other 
species of concern in the Southeast include the 
bald eagle, Indiana bat, northern long-eared bat, 
and other birds, reptiles, and amphibians. Careful 
planning and use of best management practices 
during solar project development can relieve the 
burden on these affected species and ensure  
that these species continue to thrive in our region.
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provision that does not require intent or knowledge of 
a violation. Early consultation with the FWS to identify 
potential impacts to protected species can help to mini-
mize potential liability under this Act. 
Clean Water Act provisions must also be met if a solar 
project will cause a discharge of pollutants into certain 
surface waters or require filling wetlands.26 If so, project 
developers will need to obtain authorization from the 
U.S. Environmental Protection Agency (EPA) or the 
U.S. Army Corps of Engineers, depending on the type 
of permit required.27   
Finally, utility-scale solar projects are usually subject to 
state environmental statutes that may require additional 
compliance measures. Many states have their own ver-
sions of NEPA, which require compliance for actions 

taken by state entities affecting the environment. In 
addition, developers may need a state or local permits 
requiring the use of best management practices to 
limit soil erosion and sedimentation during the land 
disturbance phase of the project (Clean Water Act 
permitting is usually delegated to state environmental 
agencies by EPA). Furthermore, state utilities com-
missions or energy facility siting commissions may 
require additional permits for the construction and 
operation of solar generation facilities.
For more information on federal and state environ-
mental statutes and other regulatory requirements, see 
Appendix III.

Specific Land Use Issues Addressed in  
Environmental Review of Solar Farms
Federal, state, and local environmental review pro-
cesses for solar farms in the Southeast address a range 
of potential impacts, which are summarized below.  
Within each of these areas, this report recommends 
approaches that developers can use to further mini-
mize impact. 

1. Efficient Land Use 
Early mapping for proposed solar projects can identify 
biological and cultural resources, agricultural lands, 
and regional land use patterns to identify areas where 
solar development will have the least amount of land-
use impact. Using land efficiently can involve siting 
projects on previously disturbed or altered landscapes 
or prioritizing areas that will make use of existing 
transmission infrastructure. Seeking sites where 
multiple compatible land uses can be maintained 
simultaneously is another way to make efficient use of 
land. Such locations may include agricultural lands, 
other energy projects such as gas plants or wind farms, 
closed landfills, parking garages, existing buildings, 
and other sites. Siting projects in dual-use locations 
can benefit the surrounding environment, the devel-
oper, and the co-locating entity.

2. Minimize Wildlife Habitat Disturbance and  
Protect Ecology

When developers are siting a project, there are exist-
ing resources available to help avoid critical habitat 
and sensitive wildlife areas. These resources include 
mapping tools and technologies currently provided by 

4

North Carolina's Solar Permitting  
Requirements
In North Carolina, which ranks second in the 
nation for installed solar capacity, there is an in-
tensive state-level review process for proposed 
solar farms. Before a solar project is installed 
or operational, the solar developers must meet 
federal, state, and local requirements designed 
to ensure that the solar farm will not negatively 
impact local land, farmland, wildlife, or cultural 
resources. In addition to meeting any relevant 
federal requirements, a North Carolina solar farm 
developer must submit an application for a Certif-
icate of Public Convenience and Necessity to the 
North Carolina Utilities Commission. The appli-
cation is then passed through the North Carolina 
State Clearinghouse for environmental review, 
where agencies have an opportunity to comment 
on proposals. The Certificate will not be grant-
ed without review by the following statewide 
agencies:  Department of Environmental Qual-
ity, Department of Administration, Department 
of Agriculture and Consumer Services, Wildlife 
Resources Commission, Division of Emergency 
Management, Department of Cultural Resources, 
and the Department of Transportation.   
If a project makes it through the State Clear-
inghouse for Environmental Review, it is then 
subject to local review and approval, and must 
comply with relevant local ordinances or zoning 
restrictions.
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state and federal wildlife agencies and non-profit con-
servation organizations to identify and avoid areas of 
potential conflict.28 In many cases, there is also existing 
information on species and habitats in a potential proj-
ect area. Contacting appropriate agencies early in the 
planning process can also help to identify ecologically 
sensitive areas.
If during a site evaluation sensitive areas are discov-
ered, developers should attempt to relocate or redis-
tribute the project. Where impacts appear unavoidable, 
developers should consult federal and state wildlife 
agencies to discuss ways to minimize disturbances to 
wildlife and their habitat. While species relocation and 
other post-siting remediation may be possible, these 
measures are expensive and frequently ineffective, 
because they do not guarantee the long-term protection 
of the threatened species or habitat.29 This is another 
reason developers should seek to identify and avoid 
biologically sensitive areas before beginning project 
development. 
Developers can further minimize impacts by using 
existing roads, previously disturbed areas, and existing 
facilities whenever possible. Developers should avoid 
excessive vegetation removal and gravel placement—
which may cause dust pollution harmful both to the 
environment and to PV output—and should consider 
leaving protective buffers. Buffers of 25 feet or more, 
either natural or man-made, can protect important re-
sources such as critical habitat and water. Unnecessary 
nighttime lighting should also be minimized to avoid 
attracting migratory birds and other wildlife. Workers 

should schedule construction activities to avoid dis-
turbing wildlife, especially in periods of the day or year 
during which wildlife are most vulnerable.  

3. Protecting Water Resources 
Solar farms use much less water than other forms 
of electricity generation. To further minimize water 
impacts, developers should strive to avoid stream and 
wetland impacts, including limiting stream crossings 
for access roads where possible, avoiding altering ex-
isting drainage systems, and rigorously implementing 
best practices for preventing erosion and sedimenta-
tion during site construction activities. Typically in the 
Southeast, limited water use is required for such uses 
as cleaning PV panels,30 and developers should consid-
er options for sustainable, re-usable sources for these 
limited water needs. 
Special care should be taken to protect wetlands, which 
serve vital ecological functions, including protecting 
drinking water by filtering out chemicals, pollutants 
and sediments; providing natural flood control by ab-
sorbing runoff from heavy rains; and providing critical 
habitats for many important fish and wildlife. For these 
reasons, developers should enforce a protective buffer 
around wetland areas to ensure the protection of these 
important ecological resources. 
Further, developers should consider other ways to pro-
tect the vital functions of wetlands in developing solar 
projects, including by: 1) minimizing soil disturbance 
associated with moving trees, stumps, brush, and other 
unwanted vegetation near wetland areas; 2) limiting 
erosion, overland flow, and runoff that could impact 
wetlands; 3) preventing disposal or storage of logs or 
logging debris in streamside management zones—de-
fined areas adjacent to streams, lakes, and other water 
bodies—to protect water quality; and 4) maintaining 
the natural contour of the site and ensuring that ac-
tivities do not immediately or gradually convert the 
wetland to a non-wetland.

4. Land Reclamation and Restoration
Unlike a coal mining site, which must eventually be 
reclaimed or otherwise remain unusable, solar sites do 
not always require reclamation. Solar panels have an es-
timated life span of at least 25 years, and can readily be 
replaced with new panels, possibly eliminating the need 
for site reclamation. In cases where there will be a need 

5

Local Review of Solar Farms
City and county governments are often charged 
with decisions about local land use, siting and 
permitting. The goal should be to balance local 
community needs and prevent adverse impacts, 
while preserving landowners’ right to make 
clean energy investments on their property. 
Local decision-makers may want to consider 
establishing best practice permitting guidelines. 
Diverse stakeholders came together in North 
Carolina to craft a template local solar ordinance 
that can serve as an example for localities.  
This template is available at  
go.ncsu.edu/template-solar-ordinance.
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to remove above-ground facilities, reclamation 
plans can help ensure that it is done appropriately, 
and developers may want to include reclamation 
plan funds in their operations and maintenance 
budgets.31   

5. Sustainable Grounds Keeping
For sustainable grounds keeping, developers 
should select and plant native species. Benefits of 
native shrubs and groundcovers, such as grasses 
and wildflowers, include improved erosion control, 
pesticide avoidance, stormwater infiltration, wildlife 
habitat, and reduced overall maintenance. In addi-
tion, native fruiting and flowering plants provide a 
food source and habitat for wild native bees. Native 
bees make a considerable contribution to agricultur-
al crops through pollination. Promoting habitat for 
native bees and other pollinators can have a positive 
ecological impact on disturbed sites, as well as, a 
positive economic impact on neighboring insect-pol-
linated crops.
Planting native grasses and wildflowers in low main-
tenance areas of solar farms also reduces long-term 
maintenance costs and emissions. These naturalized 
meadows, once established, are more drought toler-
ant, require little to no fertilization, and only need to 
be mowed once or twice a year.
In addition to more sustainable plantings, develop-
ers should also consider using sheep for grazing the 
project site.  Sheep can greatly reduce emissions from 
gas powered maintenance equipment, improving air 
quality and reducing noise pollution.
Sustainable landscaping strategies serve as an educa-
tional tool to the community about positive agricul-
tural and environmental practices, and act as a visual 
demonstration of commitment to land stewardship.

6. Partnership and Consultation with  
Environmental and Wildlife Agencies 

Coordinating with natural resource agencies early  
in the project development process can make  

6

Recycling Solar Panels
The two most common types of solar panels—
silicon-based and thin film—are both required to 
pass the Environmental Protection Agency’s  
Toxic Leaching Characteristic Procedure (TCLP) 
test, meaning that these panels are nonhazard-
ous.32 In fact, PV panels are made of mostly very 
recyclable materials, including glass and alu-
minum, making it feasible to recover and reuse 
these materials at the end of a panel’s useful 
life. The Solar Energy Industries Association 
(SEIA) recently launched a national solar panel 
recycling program. Working with solar manufac-
turers and developers, SEIA’s program creates 
a network of cost-effective recyclers that can 
responsibly manage solar PV waste and end-of-
life disposal of the panels. SEIA is also investing 
in research and development of recycling tech-
nologies to promote reuse of solar panels.33  

“Our goal is make the entire solar industry 
landfill-free,” said Tom Kimbis, SEIA’s interim 
president. “By establishing a national network 
of collection points, recycling facilities, and an 
easy-to-use consumer web portal, this proac-
tive program will help drive down the cost of 
recycling for all parties involved. This means the 
environment wins and so do our solar consum-
ers and companies.”34 

Solar Panels and Your Health
Unlike fossil fuel energy sources, solar panels 
do not produce harmful emissions. There are no 
confirmed health impacts from solar panels at 
levels encountered by the public.35 In fact, solar 
panels produce a lower electromagnetic field 
exposure than most household appliances, such 
as televisions and refrigerators.36
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environmental review procedures smoother and can  
help ensure protection of wildlife species and the 
surrounding environment. Relevant federal agencies 
include the U.S. Fish and Wildlife Service, U.S. Envi-
ronmental Protection Agency, U.S. Department of  
Energy, U.S. Army Corps of Engineers, National  
Marine Fisheries Service, and Bureau of Land  
Management (for projects on BLM land), among  
others. Developers should also communicate with  
state and local agencies, such as state soil conservation 
commissions and local permit issuing authorities.

ADDITIONAL SITING CONSIDERATIONS 

1. Stakeholder Engagement and Education 
Stakeholder engagement is a key component of large-
scale solar development. The more the developer  
understands local values and policies, the easier it  
will be to develop a project that is acceptable to the 
community. Utility-scale solar projects frequently 
require local approval and permits. Contacting local 
stakeholders early in the process can help identify  
applicable local requirements, including any that may 
apply to sensitive land areas. Similarly, providing ad-
vance public notice of planned activities pertaining to 
the solar project and engaging with stakeholders will 
allow developers to minimize environmental impacts 
while also addressing any local concerns. Incorporating 
local public input into development plans can further 
ensure that benefits will be shared by local commu-
nities (for example, through support for the local tax 
base, community benefits agreements, local hiring or 
contracting during construction). 

2. Co-Locating Solar Farms
Locating solar at a site that is already in use (as agricul-
tural land, rooftops, parking garages, or other energy 
generation sites like wind farms) provides dual-use 
opportunities, maximizing the efficiency of land use. 
Solar generation is easily deployable in the built envi-
ronment: it can be sited on existing structures such as 
rooftops and parking garages, thereby avoiding land 
impacts altogether.37 Up to one-fifth of the country’s 
total power needs could be sited on rooftops.38 Beyond 
rooftops, co-location with wind or other energy gener-
ation close to pre-existing transmission corridors and 
infrastructure also eliminates the need for new infra-
structure and accompanying land disturbance. 

Agricultural lands often provide ideal opportunities  
for dual-use of lands as solar can be strategically  
placed to provide energy while allowing continued pro-
ductive agricultural use of the site, such as for grazing 
purposes. Furthermore, solar facilities can provide eco-
nomic benefits by allowing for the use of agricultural 
property that would otherwise sit dormant or have only 
nominal use.39 For example, solar leases can help farm-
ers stabilize their income in the face of declining crop 
prices, even allowing them to make triple the average 
rent for pasture land.40   

7

Family Farmers, Sheep, and Solar Facili-
ties Make a Perfect match
In North Carolina, Sun-Raised Farms is setting 
the bar for sustainable management of solar 
projects. Started in 2011 by Chad Ray of Ray 
Family Farms in Bunn, North Carolina, Sun-
Raised Farms connects local farmers across the 
state with solar project developers. Sun-Raised 
Farms works with Solar Farm owners to provide 
an “Agricultural” solution to maintaining vege-
tation on a solar farm. Instead of paying land-
scaping companies to mow, weed and spray 
sites, solar farm owners pay Sun Raised Farms 
to identify, train and manage a local farmer to 
maintain the vegetation using livestock. Sheep 
in particular are a good match for solar farms 
as they keep grass low without damaging the 
projects. While the farmers have land to graze 
their sheep, the solar company in exchange gets 
all-natural lawn care—no pesky weeds shading 
the panels, no glass-shattering rocks kicked up 
by gas-powered lawn mowers.”
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3. Using Previously Developed or  
Degraded Lands

Avoiding and minimizing adverse environmental im-
pacts begins with site selection. Because land distur-
bance impacts are site-specific, site selection is one of 
the most important decisions a developer will make. 
New environmental impacts can be avoided, and a 
number of benefits realized, through the use of pre-
viously developed or degraded lands, such as brown-
fields. The EPA defines a brownfield as a “property, the 
expansion, redevelopment, or reuse of which may be 
complicated by the presence or potential presence of 
a hazardous substance, pollutant, or contaminant.”41 
Brownfields include Superfund and RCRA sites.42 
However, a site does not need to be a brownfield to 
qualify. This Best Practices guide uses the term “pre-
viously developed or degraded lands” to include any 
former industrial or commercial sites that could be 
repurposed for solar development. 
The EPA has established a program to encourage the 
development of renewable energy projects on poten-
tially contaminated lands. The agency’s RE-Powering 
America’s Land Initiative encourages renewable energy 
projects on current and formerly contaminated lands, 
landfills, and mine sites when such development is 
aligned with the community’s vision for the site.43 

More than 150 renewable energy installations on 144 
contaminated land sites have been established since 
the inception of the RE-Powering Initiative. A recent 
example is Xcel Energy’s siting of a 2,000 panel com-
munity solar project on a Superfund landfill in Boulder, 
Colorado. The project allows participating customers 
to invest in the solar PV system and receive credits on 
their bills for the power generated. 
The EPA initiative aims to provide technical and pro-
grammatic assistance to encourage renewable energy 
on contaminated lands, and partner with stakeholders 
to leverage agency efforts.44 Through this initiative, the 
EPA provides resources for developers and other in-
volved parties, shares best practices and highlights suc-
cesses, facilitates partnerships and technical assistance, 
and provides outreach and communications support.
The solar resource map above shows potentially con-
taminated sites with renewable energy potential as 
surveyed by the EPA.45 Many of these properties are 
located in the Southeast. All told, EPA has identified 
more than 11,000 potentially contaminated sites and 
almost 15 million acres that have the potential for  
hosting renewable energy such as solar. These sites  
contain an estimated 1 million MW of renewable  
energy potential.46  

8

This map is for informational purposes only.  The U.S. Environmental Protection Agency’s (EPA) RE-Powering America’s Land Initiative developed this map using site 
information, screening criteria and GIS data provided by EPA and the National Renewable Energy Laboratory.  State agencies in California, Hawai’i, Illinois, Massachusetts, 
New Jersey, New York, Oregon, Pennsylvania, Texas, Virginia, and West Virginia provided additional information for sites in their respective states. Supplemental 
site-specific technical and economic analysis is required to determine the renewable energy development potential for specific sites.  For further information, please 
see the associated document entitled, “Data Documentation for Mapping & Screening Criteria” at www.epa.gov/renewableenergyland or contact cleanenergy@epa.gov.

RE-Powering Screened Sites: Large-Scale Solar Photovoltaic Energy Potential
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117



9

prospective purchasers.50 The Georgia Brownfield Act 
protects purchasers of contaminated properties from 
third party lawsuits based on prior contamination and 
groundwater contamination.51 Developers are encour-
aged to reach out to their state regulatory agencies for 
similar opportunities. 
For developers wanting to redevelop a potentially con-
taminated site into a solar energy project, the EPA has 
published a helpful decision tree and handbook to as-
sist with the cost-effective execution of such projects.52   

CONCLUSION 

The Southeast has abundant solar energy potential. 
Solar farms provide clean, affordable, and sustainable 
energy to homes and businesses throughout the re-
gion. Solar power avoids pollution and reduces water 
use and land use compared to other forms of energy 
production. With many solar projects already under 
development, the Southeast is well-positioned to reap 
the benefits of solar power.
Like any land disturbance, solar projects, and particu-
larly ground-mounted solar farms, can have environ-
mental impacts. Existing federal, state, and local envi-
ronmental review processes provide protection from 
many adverse impacts. And some solar developers 
are paving the way for new approaches to sustainable 
solar siting and project management. Following best 
practices, along with careful planning, research, and 
collaboration between developers, community mem-
bers, and environmental agencies can help ensure that 
solar power continues to be one of the cleanest forms of 
energy at our disposal. 

Available properties include retired coal plants. For 
example, in the summer of 2015, Google announced 
that it would locate a new data center powered by so-
lar and wind energy at the retired Widows Creek Coal 
Plant in Alabama. Google will use the plant’s preexist-
ing electric infrastructure to power the data center and 
plans to work with the Tennessee Valley Authority to 
create new renewable energy projects in the area.47   
Siting solar energy projects on previously developed 
or degraded lands can provide the following benefits:48  

• Environmental benefits – facilitating the cleanup 
of sites, the protection of open space, and reduc-
tion in greenhouse gas emissions;

• Water conservation – especially where so-
lar generation minimizes agricultural over-
use, solar can provide much-needed relief in 
drought-stricken areas; 

• Saving money to provide electricity – projects 
can be structured to require little upfront in-
vestment and then provide electricity to local 
residents, businesses, and industries at a reduced 
cost;

• Providing jobs – renewable energy projects can 
spur direct and indirect local employment op-
portunities;

• Providing annual tax revenue – installations 
bring unproductive land back to productive use, 
thus increasing the tax base;

• Promoting revitalization – finding uses for lands 
that may have limited reuse options;

• Other development advantages – reduced proj-
ect costs and development time, as well as oppor-
tunities to create partnerships with communities 
in efforts to revitalize contaminated lands 

For developers concerned about transactional costs 
and potential liability stemming from solar devel-
opment on previously developed or degraded lands, 
the EPA and other state and local agencies are able to 
assist in the resolution of these issues in order to sup-
port safe reuse of sites. Private sector environmental 
insurance, and in some cases federal and state regula-
tions and programs, can help address these concerns.49 
For example, Georgia’s Brownfields program, which 
was initially funded by an EPA grant and has a goal to 
promote voluntary cleanup and reuse of brownfields, 
provides tax incentives and liability limitation for 
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October 13, 2020 

 

Gary Lake 

929 W Airline Hwy 

Waterloo, IA 50703 

 

 

Subject:  MidAmerican Energy’s Proposed Waterloo Solar Project 

 

Dear Gary, 

 

This letter is in response to questions raised by you and your neighbor during the Planning, Programming 

and Zoning Commission meeting held on October 6, 2020, in which our proposed Waterloo Solar project 

was presented and also in response to the questions you raised during our call following the Planning, 

Programming and Zoning Commission meeting.  The following information is based on industry standards, 

scientific studies, and manufacturer’s specifications sheets for the equipment to be used at the proposed 

solar photovoltaic (PV) facility. Relevant backup documentation in the form of research papers, question 

and answer materials, and equipment datasheets are included as attachments.  

 

The proposed Waterloo Solar Farm (Waterloo Solar or Project) is a 3-Megawatt (MW) alternating current 

(AC) ground-mounted solar PV facility. As you know, the project is being developed on up to 20 acres 

located at the northeast corner of the intersection of Burton Ave and W Airline Hwy. Our proposed solar 

project will provide clean, renewable energy utilized locally by the homes and businesses of Waterloo and 

is expected to generate enough electricity to power 620 average Iowa homes each year. 

 

Project Equipment 

Solar electric generation facilities consist primarily of four main systems: PV modules that convert sunlight 

into electricity, support structures or racking for the modules, inverters which convert direct current (DC) 

electricity to AC electricity, and transformers used to step-up the voltage of the power. The system 

installation consists of driving steel support posts into the existing ground surface, which requires minimal 

grading and does not utilize toxic chemicals or require extensive excavations.  After securing the modules 

to single-axis trackers attached to the support structures, the arrays are connected via underground 

conduit in shallow trenches to the inverters and transformers located on concrete equipment pads. 

 

The project’s perimeter will be surrounded by a gated security fence. The proposed fence will be a 

minimum 6-foot-high fixed-knot agricultural fence and one foot of barbed wire. The fence will be designed 

and constructed to meet applicable safety and security requirements.  The access driveway will consist of 

an approximately 16-foot wide gravel access road accessible from Burton Avenue.   
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System Components and Materials 

PV Modules 

Photovoltaic or “PV” modules are the predominant feature of the Project.  The modules used for the 

Waterloo Solar project will be crystalline silicon solar modules, which do not contain harmful chemicals or 

gasses. These modules are comprised primarily of silicon, aluminum electrical contacts, and copper wiring 

sandwiched between a plastic encapsulant and tempered glass, with an aluminum frame.  The crystalline 

silicon is encapsulated from air and moisture between two layers of plastic and protected on the topside 

with tempered glass and on the backside with a polymer sheet. For decades, this same material has been 

used between layers of tempered glass to give car windshields and hurricane windows their great strength.i  

The modules are solid-state materials, so there is no risk of “leakage” of fluids or gasses when modules 

break.   The electrical components of the PV module include a thin layer of silicon PV cells, small electrical 

leads that connect the cells together, and copper wiring that extends out of the back of the module.  The 

PV cells are nearly 100% silicon, which is the second most common element in the Earth’s crust.ii The silicon 

for PV cells is obtained by high-temperature processing of quartz sand; it is refined and converted to a PV 

cell by adding extremely small amounts of boron and phosphorus, both of which are common and of very 

low toxicity.iii Cadmium Telluride (CdTe) which is sometimes used in solar panels and is largely the basis for 

concerns with toxicity in solar panels will not be used in the construction of this project.  

 

Ample scientific research conducted to evaluate the toxicity of solar panels and potential environmental 

impacts of the solar facilities has consistently concluded that these facilities have limited environmental 

impacts. Solar facilities have no known negative environmental impacts to soils or groundwater. The 

module encapsulation technology utilizes the same material that gives vehicle windshields additional 

strength and causes the glass to crack while remaining intact when brokeniv.  Therefore, damaged modules 

remain in one piece and typically do not break apart or allow for infiltration of rainwater. It is in the 

project’s best interest to maximize the energy production of the solar panels, thus, when modules break 

or are damaged, the reduction in energy production of the arrays will be detected through the remote 

monitoring of the facility. Damaged modules can be removed by disconnecting them from the array’s 

electrical system to allow for easy replacement by operations and maintenance technicians. Although 

modern solar panels can be safely disposed of in landfills, they can also be recycled. PV solar panel recycling 

technologies have been implemented over the past decade and have been shown to recover over 95% of 

semiconductor materials and over 90% of the glass in the modules.    

 

Single-Axis Tracker & Racking System 

The most significant non-module component of a ground-mounted PV system is the single-axis tracker and 

mounting structures, commonly referred to as “racking,” to which the modules are attached. The vertical 
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post portion of the racking is galvanized steel and the remaining above-ground racking components are 

typically either galvanized steel or aluminum, which are both extremely common and benign building 

materials.v 

 

The Project will utilize a single-axis tracking system, which is oriented north-south and tilts east-west to 

follow the sun as it moves across the sky.  The tracking system utilizes electric motors and does not contain 

hydraulics. The installation and operation of the racking system does not require hazardous substances.   

 

Inverter 

The project will utilize inverters which convert the direct current electricity produced by the solar modules 

into alternating current electricity. The inverters are typically located on concrete equipment pads, are air-

cooled and do not contain liquids or other hazardous materials.   

Transformer 

After the electricity is conditioned in the inverters, it passes through a transformer used to step up the 

voltage prior to being injected into the local distribution gird. Similar to commonly used electrical 

distribution infrastructure equipment, the transformer will be oil cooled.  The mineral oil coolant will be 

pre-sealed in the transformer.  This fluid does not contain halogens, silicones, sulfur, PCBs or any other 

questionable material. It quickly and thoroughly biodegrades in the environment and is non-toxic in aquatic 

and oral toxicity tests. The transformer is typically placed immediately adjacent to the inverters on the 

same concrete equipment pad.   

  

Groundwater Near Solar Facilities 

Solar installations have been successfully integrated into environmentally sensitive areas such as water 

treatment plants, brownfield sites with strict groundwater monitoring protocols, schools, and near public 

drinking water supply wells. For example, the Massachusetts Department of Environmental Protection has 

determined that the installation of solar arrays can be compatible with the operation and protection of 

public drinking water systems; this includes the installation of a solar facility within a 400-foot protective 

radius around a public drinking water well.vi  

 

Electromagnetic Fields (EMF) 

PV systems do not emit any material during their operation; however, they do generate electromagnetic 

fields (EMF), sometimes referred to as radiation. Many times the word radiation conjures fears regarding 

nuclear radiation which can be harmful to humans through DNA mutations, however the EMF produced 

by electricity is non-ionizing radiation, meaning the radiation has enough energy to move atoms in a 
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molecule around (experienced as heat), but not enough energy to remove electrons from an atom or 

molecule (ionize) or to damage DNA. The wide use of electricity results in background levels of extremely 

low frequency EMFs in nearly all locations where people spend time – homes, workplaces, schools, cars, 

the supermarket, etc. vii   

The Massachusetts Clean Energy Center recently commissioned the study of EMF levels at existing, similarly 

sized solar photovoltaic projects as the one we are proposing in Waterloo. 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).  The International Commission on Non-Ionizing Radiation Protection has a 

recommended exposure limit of 4,200 V/m for the general public (< 5 V/m being well below that limit).  

Regarding magnetic fields, the International Commission on Non-Ionizing Radiation Protection has a 

recommended exposure limit of 833 mG for the general public. At the utility scale sites studied, 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 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.viii 

Landscaping 

Even though the solar arrays are fairly low to the ground (approximately only nine feet in maximum height), 

MidAmerican Energy understands that everyone may not enjoy the view of a solar project for various 

personal reasons, which is why we voluntarily proposed to include evergreen trees that would provide 

year-round screening as part of our site development. Our landscape consultant proposed the planting of 

45 trees with a three-foot initial height along the west and south sides of our project. After listening to 

your concerns at the October 6, 2020 Planning, Programming and Zoning Commission meeting and 

speaking to you on the phone the other day, we realize that three-foot trees would not provide the initial 

screen as you would like. For that reason, are now planning to plant 6’ to 7’ tall evergreen trees instead of 

the originally proposed 3’ trees. We believe this will provide additional, immediate screening and take less 

time to reach their mature heights. 

Conclusions 

Solar facilities are a passive land use that offer numerous environmental benefits; and projects have no 

known negative impacts to soils, groundwater or human health. PV modules convert sunlight directly into 

electricity without the use of fossil fuels, water, or mineral resources; all while producing no emissions or 
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discernable noise.  Solar power avoids pollution and reduces water use and land use compared to other 

forms of energy production.ix 

 

Ample scientific studies indicate solar facilities have limited negative environmental impacts, and do not 

leach hazardous chemicals or otherwise contaminate soil or groundwater. Crystalline silicon solar PV 

modules do not leach toxic materials and are the same type that are commonly installed on residential 

rooftops and schools. Similar to household electronic devices, PV cells will not work if moisture is able to 

penetrate into the modules, and therefore they are designed to prohibit moisture from contacting the 

semiconductor cells for the duration of their 30+ year useful life.  When rainwater hits the solar panels, it 

will run down the tempered glass surface and fall to the ground. The modules are solid-state materials, so 

when modules break or are damaged, there is no risk of “leakage” of fluids or gasses.  Other project 

components consist of widely-used electrical equipment commonly found in electrical substations and 

mounted on utility poles throughout the community.   The risk of environmental contamination or release 

of hazardous substances from the project is significantly less than that from the high-volume vehicular 

traffic. 

 

In addition, while solar facilities do emit EMF, you would have to be in close proximity to the project to 

detect any and the radiation is produced by electricity is non-ionizing which means it can’t damage human 

DNA. Additionally, the levels of EMF that is emitted is well below the recommended thresholds established 

by the International Commission on Non-Ionizing Radiation Protection and is similar to household 

appliances within close proximity. 

 

I hope you will find this letter and supporting documentation useful in answering your questions, but if not 

or you think of additional questions please don’t hesitate to contact me directly at (515) 281-2203.  

 

Sincerely,  
 
 
 
Matt Ott 
MidAmerican Energy Company 
Project Developer 
(515) 281-2203 
 

 

Attachments:  Tommy Cleveland, Health and Safety Impacts of Solar Photovoltaics (North Carolina State 

University, NC Clean Energy Technology Center) dated May 2017 
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Massachusetts Department of Energy Resources, Clean Energy Results, Questions & 

Answers, Ground-Mounted Solar Photovoltaic Systems (Massachusetts Clean Energy 

Center) dated June 2015. 

Southern Environmental Law Center’s Solar Initiative, The Environmental Review of Solar 

Farms in the Southeast U.S. (Southern Environmental Law Center Solar Initiative Policy 

Brief) dated March 2017. 

Massachusetts Clean Energy Center, Study of Acoustic and EMF Levels from Solar 

Photovoltaic Projects (Massachusetts Clean Energy Center) dated December 17, 2012 

 

i Tommy Cleveland, Health and Safety Impacts of Solar Photovoltaics (North Carolina State University, NC Clean 
Energy Technology Center) dated May 2017. 
ii Tommy Cleveland, Health and Safety Impacts of Solar Photovoltaics (North Carolina State University, NC Clean 
Energy Technology Center) dated May 2017. 
iii Tommy Cleveland, Health and Safety Impacts of Solar Photovoltaics (North Carolina State University, NC Clean 
Energy Technology Center) dated May 2017.  
iv Tommy Cleveland, Health and Safety Impacts of Solar Photovoltaics (North Carolina State University, NC Clean 
Energy Technology Center) dated May 2017. 
v Tommy Cleveland, Health and Safety Impacts of Solar Photovoltaics (North Carolina State University, NC Clean 
Energy Technology Center) dated May 2017. 
vi Massachusetts Department of Energy Resources, Clean Energy Results, Questions & Answers, Ground-Mounted 
Solar Photovoltaic Systems (Massachusetts Clean Energy Center) dated June 2015. 
vii Tommy Cleveland, Health and Safety Impacts of Solar Photovoltaics (North Carolina State University, NC Clean 
Energy Technology Center) dated May 2017. 
viii Massachusetts Clean Energy Center, Study of Acoustic and EMF Levels from Solar Photovoltaic Projects 
(Massachusetts Clean Energy Center) dated December 17, 2012 
ix Southern Environmental Law Center’s Solar Initiative, The Environmental Review of Solar Farms in the Southeast 
U.S., Maximizing Benefits & Minimizing Impacts to Drive Smart, Sustainable Development of Solar Power (Southern 
Environmental Law Center Solar Initiative Policy Brief) dated March 2017. 
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October 14, 2020 
 
 
Brian Adams 
730 W Airline Hwy 
Waterloo14T, 14TIA 50703 
 
 
Subject: Waterloo Solar Project 
 
 
Dear Brian Adams: 
 
MidAmerican Energy Company is proud to announce the development of a new 3 Megawatt 
solar project in Waterloo. This new project, which we are referring to as the Waterloo Solar 
Farm, will be made up of solar panels which will be able to power up to 620 average Iowa 
homes. We are contacting you because you own property which is located within two hundred 
fifty feet of the property where we are planning to build this project; the location of the project 
is shown on the back of this letter. The City of Waterloo has mailed you a letter notifying you 
of upcoming public hearings to discuss MidAmerican’s application for a special permit, which 
if approved, would allow for the construction of the project. The notice you received from the 
City of Waterloo may have only contained basic information about the project; if you would like 
more information regarding our proposed Waterloo Solar Farm, the landscaping screening we 
are proposing as part of the project or our permit application, please contact me directly at 
(515) 281-2203.  
 
We are proud to lead the nation in delivering clean, safe and affordable energy to our 
customers while supporting Iowa’s communities. Our investment in solar energy allows us to 
do both, and this new project plays a critical part of that. We look forward to the opportunity to 
increase our renewable energy generation in the state and come closer to meeting our goal of 
generating 100% of the electricity our customers use each year from renewable sources. 
 
Sincerely, 
 
 
 
Matt Ott 
Project Developer, Renewable Energy 
MidAmerican Energy Company 
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USupplement to the Special Permit Application Providing Additional Project Information 
 
MidAmerican Energy Company is seeking approval of a special permit to allow for the construction and 
operation of a ground mounted, single-axis photovoltaic solar electricity generating system near the 
northeast corner of W. Airline Hwy and Burton Ave in Waterloo.  
 
The project is designed to have a generating capacity of 3 megawatts and is expected to be able to 
power up to 620 average Iowa homes annually. The electricity produced by this solar project would be 
placed on the local electric distribution system and used by the residents of Waterloo. The solar project 
will largely be a passive facility, being only approximately 9 feet in total height and should not produce 
any discernible sound, and will coexist with the surrounding area in harmonious fashion. To help ensure 
the project will coexist with the surrounding area, MidAmerican Energy is proposing to install vegetation 
buffer along Burton Ave. and W. Airline Hwy as shown in the included vegetation site plan. 
 
Constructing and operating the proposed solar facility will not require any additional public facilities or 
services. The project is accessible from existing public roads and will tie into the existing, adjacent 
electrical substation. Current drainage across the property will not be impacted as no grading will be 
needed for the project, except on the small areas where the access road and electrical components will 
be located. After construction, the solar facility will have infrequent traffic to, from and on the property 
and thus will have minimal impacts on local traffic. A glare analysis created for this solar project, a copy 
of which is attached, shows the project will not impact any flight path within two miles of the Waterloo 
Regional Airport and will not impact the Air Traffic Control Tower located at the airport. 
 
MidAmerican Energy consulted with the Iowa Department of Natural Resources (“IDNR”) during 
development of this project and received a letter from the IDNR dated September 11, 2020, which 
noted they had “searched for records of rare species and significant natural communities in the project 
area and found no site-specific records that would be impacted by this project.” Additionally, the 
proposed solar facility will be located on property which has historically been used for cultivated row 
crop, and therefore will not have impacts to natural, scenic, or historic features of the property or 
adjacent properties. 
 
MidAmerican Energy is a leader in renewable energy and, if approved, this project will help us achieve 
our goal of providing 100% renewable energy to all of our Iowa customers. We appreciate your time and 
consideration of our request.  
 
Sincerely, 
 
 
 
Matt Ott 
Project Developer, Renewable Energy 
(515) 281-2203 
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FORGESOLAR GLARE ANALYSIS

Project: IA - MidAmerican Waterloo
Site configuration: Untitled
Analysis conducted by Drew Dillon (Engineering@grosolar.com) at 14:57 on 04 Sep, 2020. 

U.S. FAA 2013 Policy Adherence

The following table summarizes the policy adherence of the glare analysis based on the 2013 U.S. Federal Aviation Administration
Interim Policy 78 FR 63276. This policy requires the following criteria be met for solar energy systems on airport property:

• No "yellow" glare (potential for after-image) for any flight path from threshold to 2 miles
• No glare of any kind for Air Traffic Control Tower(s) ("ATCT") at cab height.
• Default analysis and observer characteristics (see list below)

ForgeSolar does not represent or speak officially for the FAA and cannot approve or deny projects. Results are informational only.

COMPONENT STATUS DESCRIPTION

Analysis parameters PASS Analysis time interval and eye characteristics used are acceptable
2-mile flight path(s) PASS Flight path receptor(s) do not receive yellow glare
ATCT(s) PASS Receptor(s) marked as ATCT do not receive glare

Default glare analysis parameters and observer eye characteristics (for reference only): 

• Analysis time interval: 1 minute
• Ocular transmission coefficient: 0.5
• Pupil diameter: 0.002 meters
• Eye focal length: 0.017 meters
• Sun subtended angle: 9.3 milliradians

FAA Policy 78 FR 63276 can be read at https://www.federalregister.gov/d/2013-24729
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SITE CONFIGURATION

PV Array(s)

Analysis Parameters

DNI: peaks at 1,000.0 W/m^2 
Time interval: 1 min
Ocular transmission
coefficient: 0.5
Pupil diameter: 0.002 m
Eye focal length: 0.017 m
Sun subtended angle: 9.3
mrad 
Site Config ID: 43039.7801 

Name: PV array 1 
Axis tracking: Single-axis rotation 
Tracking axis orientation: 180.0° 
Tracking axis tilt: 0.0° 
Tracking axis panel offset: 0.0° 
Max tracking angle: 52.0° 
Resting angle: 52.0° 
Rated power: - 
Panel material: Smooth glass with AR coating 
Reflectivity: Vary with sun 
Slope error: correlate with material 

Vertex Latitude (°) Longitude (°) Ground elevation (ft) Height above ground (ft) Total elevation (ft)

1 42.547233 -92.357264 874.40 0.00 874.40
2 42.547233 -92.352372 883.27 0.00 883.27
3 42.542190 -92.352479 909.44 0.00 909.44
4 42.542222 -92.355912 909.04 0.00 909.04
5 42.543250 -92.355934 898.78 0.00 898.78
6 42.543234 -92.357307 900.41 0.00 900.41
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Flight Path Receptor(s)

Name: FP 1 
Description: 
Threshold height: 50 ft 
Direction: 308.4° 
Glide slope: 3.0° 
Pilot view restricted? Yes 
Vertical view: 30.0° 
Azimuthal view: 50.0° 

Point Latitude (°) Longitude (°) Ground elevation (ft) Height above ground (ft) Total elevation (ft)

Threshold 42.552077 -92.388008 865.90 50.00 915.91
Two-mile 42.534122 -92.357209 894.79 574.57 1469.36

Name: FP 2 
Description: 
Threshold height: 50 ft 
Direction: 127.5° 
Glide slope: 3.0° 
Pilot view restricted? Yes 
Vertical view: 30.0° 
Azimuthal view: 50.0° 

Point Latitude (°) Longitude (°) Ground elevation (ft) Height above ground (ft) Total elevation (ft)

Threshold 42.565880 -92.411290 872.60 50.00 922.61
Two-mile 42.583481 -92.442471 873.47 602.59 1476.06

Name: FP 3 
Description: 
Threshold height: 50 ft 
Direction: 188.0° 
Glide slope: 3.0° 
Pilot view restricted? Yes 
Vertical view: 30.0° 
Azimuthal view: 50.0° 

Point Latitude (°) Longitude (°) Ground elevation (ft) Height above ground (ft) Total elevation (ft)

Threshold 42.565415 -92.401543 869.23 50.00 919.24
Two-mile 42.594050 -92.396107 912.18 560.51 1472.69
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Name: FP 4 
Description: 
Threshold height: 50 ft 
Direction: 7.6° 
Glide slope: 3.0° 
Pilot view restricted? Yes 
Vertical view: 30.0° 
Azimuthal view: 50.0° 

Point Latitude (°) Longitude (°) Ground elevation (ft) Height above ground (ft) Total elevation (ft)

Threshold 42.550027 -92.404471 864.45 50.00 914.46
Two-mile 42.521369 -92.409675 914.32 553.59 1467.91

Name: FP 5 
Description: 
Threshold height: 50 ft 
Direction: 67.6° 
Glide slope: 3.0° 
Pilot view restricted? Yes 
Vertical view: 30.0° 
Azimuthal view: 50.0° 

Point Latitude (°) Longitude (°) Ground elevation (ft) Height above ground (ft) Total elevation (ft)

Threshold 42.550911 -92.407245 867.46 50.00 917.46
Two-mile 42.539898 -92.443576 859.00 611.91 1470.92

Name: FP 6 
Description: 
Threshold height: 50 ft 
Direction: 248.0° 
Glide slope: 3.0° 
Pilot view restricted? Yes 
Vertical view: 30.0° 
Azimuthal view: 50.0° 

Point Latitude (°) Longitude (°) Ground elevation (ft) Height above ground (ft) Total elevation (ft)

Threshold 42.556133 -92.389851 866.88 50.00 916.89
Two-mile 42.566982 -92.353427 886.50 583.84 1470.34
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Discrete Observation Receptors

Name ID Latitude (°) Longitude (°) Elevation (ft) Height (ft)

1-ATCT 1 42.550976 -92.394456 871.76 50.00

GLARE ANALYSIS RESULTS

Summary of Glare

PV Array Name Tilt Orient "Green" Glare "Yellow" Glare Energy

(°) (°) min min kWh
PV array 1 SA

tracking
SA

tracking
0 0 -

Total annual glare received by each receptor

Receptor Annual Green Glare (min) Annual Yellow Glare (min)

FP 1 0 0
FP 2 0 0
FP 3 0 0
FP 4 0 0
FP 5 0 0
FP 6 0 0
1-ATCT 0 0

Map image of 1-ATCT
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Results for: PV array 1

Receptor Green Glare (min) Yellow Glare (min)

FP 1 0 0
FP 2 0 0
FP 3 0 0
FP 4 0 0
FP 5 0 0
FP 6 0 0
1-ATCT 0 0

Flight Path: FP 1

0 minutes of yellow glare 
0 minutes of green glare 

Flight Path: FP 2

0 minutes of yellow glare 
0 minutes of green glare 

Flight Path: FP 3

0 minutes of yellow glare 
0 minutes of green glare 

Flight Path: FP 4

0 minutes of yellow glare 
0 minutes of green glare 

Flight Path: FP 5

0 minutes of yellow glare 
0 minutes of green glare 

Flight Path: FP 6

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: 1-ATCT

0 minutes of yellow glare 
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0 minutes of green glare 

Assumptions

2016-2019 © Sims Industries d/b/a ForgeSolar, All Rights Reserved.

"Green" glare is glare with low potential to cause an after-image (flash blindness) when observed prior to a typical blink response time. 
"Yellow" glare is glare with potential to cause an after-image (flash blindness) when observed prior to a typical blink response time. 
Times associated with glare are denoted in Standard time. For Daylight Savings, add one hour. 
Glare analyses do not account for physical obstructions between reflectors and receptors. This includes buildings, tree cover and
geographic obstructions. 
Several calculations utilize the PV array centroid, rather than the actual glare spot location, due to algorithm limitations. This may affect
results for large PV footprints. Additional analyses of array sub-sections can provide additional information on expected glare. 
The subtended source angle (glare spot size) is constrained by the PV array footprint size. Partitioning large arrays into smaller sections
will reduce the maximum potential subtended angle, potentially impacting results if actual glare spots are larger than the sub-array size.
Additional analyses of the combined area of adjacent sub-arrays can provide more information on potential glare hazards. (See previous
point on related limitations.) 
Glare locations displayed on receptor plots are approximate. Actual glare-spot locations may differ.
Glare vector plots are simplified representations of analysis data. Actual glare emanations and results may differ.
The glare hazard determination relies on several approximations including observer eye characteristics, angle of view, and typical blink
response time. Actual results and glare occurrence may differ. 
Hazard zone boundaries shown in the Glare Hazard plot are an approximation and visual aid based on aggregated research data. Actual
ocular impact outcomes encompass a continuous, not discrete, spectrum. 
Refer to the Help page at www.forgesolar.com/help/ for assumptions and limitations not listed here. 
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APPLICATION FOR SPECIAL PERMIT 

CITY OF WATERLOO PLANNING, PROGRAMMING,  

AND ZONING COMMISSION 

WATERLOO, IOWA 

319.291.4366 
New or Overall Amendment  _____ 

Individual Building _____ 

Involving a variance(s) _____ 

Minor Change _____ (select one) (Minor Change must be approved by staff)

1. APPLICATION INFORMATION:

a. Applicant's name (please print): _________________________________________________________

Address:______________________________Phone:____________________Fax:_________________

City:_________________________State:_______________Zip:_______________________________

Email:

b.  Status of applicant: (a) Owner____ (b) Other_____(SELECT ONE): If other explain:_______________

___________________________________________________________________________________

c. Property owner's name if different than above (please print):___________________________________

Address:_______________________________Phone:____________________Fax:________________

City:_________________________State:_______________Zip:_______________________________

Email:

2. PROPERTY INFORMATION:

a. General location of special permit:__________________________________________________________

______________________________________________________________________________________

b. Legal description of property or portion requesting special permit:_________________________________

___________________________________________________________________
c. Dimensions of proposed special permit:______________________________________________________

d. Area of proposed special permit:____________________________________________________________

e. Current zoning:___________________________

f. Variance(s) requested: ___________________________________________________________________

g. Reason(s) for special permit and proposed uses(s) of property:____________________________________

______________________________________________________________________________________

h. Conditions (if any) agreed to (does not affect any existing conditions unless specified): ________________

______________________________________________________________________________________

______________________________________________________________________________________

i. Other pertinent information (use reverse side if necessary):_______________________________________

______________________________________________________________________________________

Please Note:  If applicant is not the owner of the property, the signature of the owner must be secured.  If it is the intent 

to subdivide (split) any land, vacant or improved in conjunction with this request it must go through a platting process 

(separate from special permit request). 

The filing fee of $200 (for new or overall amendment), $225 (if involving a variance), $125 (for individual building), or 

$0 (for minor change) (payable to the City of Waterloo) is required.  This fee is non-refundable.  Under no condition 

shall said sum or any part thereof be refunded for failure of said amendment to be enacted into law.  Any major change in 

any of the information given will require that the request go back through the process, with a new filing fee.  The 

undersigned certify under oath and under the penalties of perjury that all information on this request and submitted along 

with it is true and correct. All information submitted will be used by the Waterloo Planning, Programming, and Zoning 

Commission and the Waterloo Board of Adjustment in making their decision.  The undersigned authorize City Zoning 

Officials to enter the property in question in regards to the request. 

_________________________________________ _________________________________________ 

Signature of Applicant Date Signature of Owner Date 
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	Text29: MidAmerican Energy Company
	Group1: Choice1
	Conditions if any agreed to does not affect any existing conditions unless specified: N/A
	1: 
	2: 
	Date: 9/15/2020
	Date_2: 9/15/2020
	Text1: 
	Text2: 10-27-1(S) - MidAmerican Energy would like to build and operate a solar electric generating system. 
	Text3: To operate a power generation facility per zoning code
	Text4: None
	Text6: 20 Acres
	Text7: 900'x1,115' except for a 365'x365' square in the southwest corner
	Text8: 
	Text9: See Attachment A
	Text10: Black County, Iowa
	Text12: garylylegunderson@gmail.com
	Text13: Postville
	Text14: Iowa
	Text15: 52162
	Text16: 180 Hwy 51
	Text18: N/A
	Text19: entered into a Purchase Option to purchase the property subject to the outcome of the Special Permit request.
	Text20: MidAmerican
	Text22: matt.ott@midamerican.com
	Text23: Urbandale
	Text25: 50322
	Text26: (515) 242-3084
	Text27: (515) 281-2203
	Text28: 4299 NW Urbandale Drive
	Group21: Choice2
	Text24: Iowa
	Text17: (563) 380-2808
	Current Zoning: A-1 (Agricultural)
	Owner Name: Gary L. and Diana M. Gunderson Trust
	Text11: The SW 1/4 SW 1/4 of Section 2, Township 89 North, Range 13 West of the 5th PM,
	undefined: See Attachment B
	See Attachment: See Attachment C


